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_MINERAL RESOURCES OF ALASKA, 1922,

By Avrrep H. Brooks and others.

PREFACE.

By Avrrep H. BrooOxs.

This volume is the nineteenth of a series of annual bulletins?®
summarizing the results achieved during the yearin the investigation
of the mineral resources of Alaska and treating of the mining industry
of the Territory, especially of the statistics of mineral production,
with the collection of which the Geological Survey is charged by law.

The reports included in this volume are primarily intended to give
prompt publication of the more important economic results of the
work of the year. The time available for their preparation does not
permit full office study of the field notes and specimens, and some of
the statements made here may require modification when the study
has been completed. Those who are interested in any particular
district should therefore procure a copy of the complete report on
that district as soon as it is available.

::Agsin, as for many years in the past, the Geological Survey is
under . .great obligation to residents of the Territory for valuable
data. Those who have thus aided include the many mine operators

~ who have made reports on production as well as developments.

There are still some Alaskan mineral producers, though & constantly
decreasing number, who fail to respond to the request for informa-
tion. Therefore it is still necessary to supplement the figures obtained
from mine operators by estimates from other reliable sources. In
this work the writer has received invaluable aid from many pros-
pectors and miners, Federal and Territorial officials,- engineers, and
officers of banks and transportation and commercial companies.

It is impracticable to mention by name all who have aided in this
work, but it should be stated that without the assistance of these
public-spirited citizens the preparation of this report would have beer

1 The preceding volumes in this series are U, 8, Geol, Survey Bulls, 250, 284, 314, 345, 379, 442, 480, 520,
542, 502, 622, 642, 662, 692, 712, T14, 722, and 739. 1
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2 PREFACE.

impraocticable, Special mention should be made to B. D. Stewart,
resident engineer of the Bureau of Mines; George Parks, of the Gen-
eral Land Office; the Director and other officers of the Bureati of
the Mint; the Director and other officers of the Bureau of Mines;
the officers of the Alaskan Engineering Commission; the:American .
Railway Express Co.; Volney Richmond, of the Northern Commer-
cial Ca.; John C. McBride, H. T. Tripp, G. Jensen, Alaska~Juneau
Gold Mining Co., and Jean Vanophem, of Juneau; Thomas Vogel, of vy
Porcupine; John J. Kaznakoff, of Sitka; B. H. White and Thos. G.
White, of Katalla; W. H. Dickey, of Rua Cove; G. Howard Birch,
of Dan Creek; Kennecott Copper Corporation, of Kennicott; J. M.
Elmer, of Dempsey; Thomas Larsen, of Kotsina; C. P. Tolson and
W. G. Fenton, of Chickaloon; N. W. Sinclair, of Eska; H. W. Nagley
and Edw. McConnell, of Talkeetna; T.S. Wolcott, of Colorado; Felix
Brown and Alex Liska, of Anchorage; Fred Phillips, of Iliamna;
D. E. Stubbs and Louis Huber, of Aniak; John Haroldson and A.
Stecker, of Kwinak; W. F. Green and Peter McMullen, of McGrath;
A. V. Thorns, of Tacotna; the First National Bank, George Hutch-
inson, J. E. Jennings, and T. H. Deal, of Fairbanks; Fred Schaupp,
of Chatanika; Charles Zielke, Val Diebold, and John J. Murphy, of
Nenana; Judson McLellan, Thos. McKinnon, and A. M. Bainbridge,
of Tolovana; Alex. Mitchell, of Kantishna; George W. Ledger, of
Rampart; C. E. Jones, of Ruby; B. B. Smith, Frank Speljack, and
Edward Schneirla, of Ophir; H. S. Wanamaker, of Nolan; W. D.
English, of Wiseman; George M. Pilcher, of Fortuna Ledge; James

m, A. W. Amero, and Fred J. Smith, of Caro; William
Yanert, of Purgatory; Alfred Johnson, of Deadwood; J. J Hillard
and E. A. Robertson, of Eagle; J. H. Elden, of Steel Creek Charles
E. M. Cole, of Jack Wade; D. P. Thornton and Edward Briggen, of
Chisana; A. J. Griffin, of Richardson; the Miners and Merchants
Bank, Jack Gale, A. W. Kah, Anna Dukes, and R. W. J. Beed, of
Nome;: N. L. Wimmlar, of the Bureau of Mines; S. M. Gaylord, of
Solompg; the late W. N. Marx, of Teller; A, S. Tucker, of Bluff;
Lowuia Ldoyd, Michael Tuohy, and James C. Cross, of Shungnak; and
George L. Stanley, of Kiana.
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THE ALASKAN MINING INDUSTRY IN 1922.

By Avreep H. Brooxs and S. R. Capes. ~

GENERAL SITUATION.

The value of the total annual mineral production of Alaska
increased from $17,004,124 in 1921 to $19,506,365 in 1922.! Though
this increase was due almost entirely to the larger copper output
from & few mines, the prosperity of the mining industry as a whole

- was very evident.

The rather widespread pessimism in regard to the present and
future prosperity of the Alaska mining industry is not hard to under-
stand. Dazzled by the quick fortunes made during the prosperous
days of bonanza placer mining, the public has failed to mark the
stoady advance of other and more permanent phases of mining that
not only continued during the war but has been greatly accelerated
in the last two years. The great pubhcn.y given to the failure of
some of the large auriferous quartz mines near Juneau, for reasons
later to be discussed, has entirely obscured the slow but steady
dstOpment of other Alaska lode properties. The marked decline

_in the annual copper output since 1917, the result of low prices for

the metal, has been erroneously mterpreted as marking the decline
of the Alaska. copper-mining industry. The public, misled by widely
circiilated and grossly exaggerated statements of the value of Alaska
coal lands, is puzzled by the apparent lack of progress in their exploita-
tion. Thus far, indeed, discouraging results have met the rather

. meager underground axplornt.lon of the best Alaska coal. On the

other hand, the furnishing of local coal to the region tributary to
the .Alaska Railroad is a very important advance, even though a
reserve of export coal has not yet been developed. In like manner
many who have long heard of the promising occurrences of petroleum
in Alaska have wondered at the delay in its developmient. The
explanation lies in the fact that oil drilling was prohibited from 1910
until 1920, when a leasing law was enacted. Since 1920 surface
explonuon of the oil fields has been very active, but it takes con-
giderable time to start actual drilling in these distant fields. At the
end of 1922 preparations for drilling in the Cold Bay district were
well under way, and since then drilling has been started.

1 The statisties in this report have been compiled by T. R. Burch.



4 MINERAL RESOURCES OF ALASEA, 1922,

Even Alaskans, many of whom are survivors of the days of bonanza
mining, are by no means hopeful of the futire. Those who have
seen miners without capital grow suddenly wealthy from placer gold

dug out with their own hands and who have beheld prosperous com-

munities spring up almost over night are often impatient with mining
projects that can succeed only by large mvestmants and after years
of preparation.

Some erroneously assume that the revival of mining in Alaska can
be assured only by the discovery of a great mineral deposit, such as
a large oil pool or a rich placer field, and no doubt only such a dis-
covery could revive quickly the formar prosperity of the Territory.
Alaska mines have produced nearly half a billion dollars’ worth of
minerals, and 98 per cent of this amount has come from her deposits
of gold, silver, and copper. The estimated known reserves of these
metals alone, without regard to future discoveries or other minerals,
such as oil and coal, are sufficient to assure a prosperous future for
the mining industry.

Many appear to believe that the building of the Alaska Railroad
should have immediately produced a marked boom. Now that a
year has passed since the railroad began to furnish transportation
and cheaper fuel and there has been no immediate increase of mineral
output, they are loud in condemning the entire project. The Gov-
ernment railroad, as well as the greater activity in the building of
wagon roads, has already stimulated mining, but it will be some time
before the results of this work can be expressed in a notable increase
in mineral production.

In spite of all despair or doubt the Alaskan mining industry is
advancing, not retrograding. In fact, though the value of its present
product is small éompared with that of the past, the industry is now
on & more substantial basis than ever before. In 1922 preparations
for drilling were sufficiently advanced to assure: the beginning of
underground testing in 1923 of at least one of the Alaska petroleum
fields; the installation of large placer-mining plants continued, and
the work on some was so well advanced as to assure their operation
in 1923; the activity in gold-lode development already noted for 1921
was continued; the copper production was about 43 per cent larger
than in 1921, and there was a revival in the prospecting of copper
deposits. Alagka’s mining industry needs capital for its further
development, -and during the year there were many eneoura.gmg signs
that large mining compa.mee. were turning thelr attention to Alaska
as a prospective field for investment.
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THE ALASKAN MINING INDUSTRY IN 1022, 5

Estimates of number of men employed at productive mines of Alaska, 1911-1922.

Placer mines. Total
m All other | notin®
Year, thnW and re- .:g”h‘ _dnl ml
Summer. | (omitted | duction rying. | plscer
from plants.
total). mines.
4,900 60| 2,90 . 150 7,410
4,500 900 2,500 150 7,210
4,500 800 | 3,450 140 8,000
4,400 800 3,500 140 8,040
4,400 700 3,850 160 8,410
4,050 880 | 4,570 340 8,060
3,550 950 3,220 no 7,040
3,000 610 2,000 5,400
2,180 320 | 1,800 310 4,990
1,990 340 | 1,880 4,230
2,150 460 1,450 400, 4,000
2,198 402 | 1,200 410 3,808

In considering the above table it should be remembered that the
swmmer placer mines are operated for an average period of less than
100 days in a year. A comparison of the first two columns shows
that only a small percentage of the men engaged in summer placer
mining can find similar employment in the winter. As the winter
placer mining is all done through shafts and drifts it is closely related
to lode mining. Some of the deep placer mines are operated for
nearly the entire year and hence are included in the total summet
mines also. The lode mines include copper and gold and a few
other metal mines, and the figures for these include only the average
number employed during the year. The fourth column shows the
number of men engaged in all other forms of mining and quarrying,
including the exploitation of coal, petroleum, marble, tin, gypsum,
and other products. '

Mineral output of Alaska, 1921 and 1922,

1921 1922 Decrease or increase in 1922,

U TP A b ) . 852,540 |oocuincnnnnnnan.| 107,280
LR RSCHLIL N [ 17,004,124 |.............. 10,808,885 |.......c0aneaeie +2,502, 241
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Value of total mineral production of Alaska, 1880-1922.

. By years. . By substances.
34,688,714 $20,145,632
’gm 21,148, 053
. 1,008,400 . 16,887,244
. 2,388) 042 . 19,476,356
© 350401 L
-. 2,587,815 . 48632212
. 5,708,226 1 40,710,205
. B,241, 704 . 28)253, b6l
- o " 28308, 787
. B 044, 184 . 17,004,124
- 13,’“’% 19, 506, 385
- aa,gg‘,m 497,985,278
. 20, 850, 285

GOLD ' AND' BILVER.
TOTAL PRODUCTION.

In 1850 and 1851 a Russian mining engineer, P. P. Doroshin, with
a large force of men, did some placer mining in the Kenai River Bagin,
about 140 miles west of the present location of Seward. This project
was soon abandoned and, except for the exploitation of some lignitic
coal near Port Graham, was the only mining attempted by the Rus-
sians in their American colony during the 80 years of its occupation.

In 1861 some gold was found in the bars of Stikine River, but by
subsequent surveys this locality proved to be on the Canadian side
of the boundary. No important mining was done here, but the dis-
covery resulted.in the first gold stampede to Alaska. The Stikine
Valley was soon abandoned by the prospectors, however, and did
not again attract attention until it was much used as a highway into
the Cassiar gold district, discovered in 1871. Wrangell, in south-
eastern Alaska, then became the coastal port for the new placer camps,
and prospectors began to turn their attention to the adjacentregion.
It is reported that about this time many thousand dollars’ worth of
gold- was mined on Shuck River, ‘emptying into Windham Bay,
gbas¥t 70 miles south of the present site of Juneau. This report is
unvarified and probably has little foundation; in fact, some of the
Wrangell prospectors extended their search for gold to Sitka and
in 1872 found suriferous quartz in that region. The first mining
was done by Michael Haley, who had come north as a soldier but
was.an experienced miner. In 1879 George F. Pilz, a German mining
engineer, opened up the Stewart mine, near Sitka. Pilz was the
first educated mining engineer, opened the first quartz mine, and
built the first mill in Alaska. In 1880 Richard T. Harris and Joseph
Juneau found auriferous quartz and placer gold near the present site
of Juneau. The great Alaskan mining industry, the total product of

"y
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THE ALASKAN MINING INDUSTRY IN 1822,
which is valued at nearly half a billion dollars, began with gold-
placer mining at Juneau 42 years ago. _
Gold and silver produced in Alaska, 1880-1923.

7

Gold Silver.
. Year,
Fine ounces. Value. Fine ounces. valzs,
967 $20, 000
1,035 000
i=| &8
9794 201’ 000 10,320 811,148
14,512 300, 000
21, 575 448, 000
32653 875, 000
41,119 R50, 000 2,820 2,181
43,538 900, 000 8,000 7,490
36, 862 762, 000 7,500 8,071
43) 538 00, 000 8,000 7,920
52,245 | 1,080,000 8,000 ' 000
50,213 | 1,088,000 8, 400 8,570
62,017 | 1,282,000 261 14, 257
112,642 | 2328, 500 200 44,222
138,401 | 2,861,000 145, 300 99, 087
118,011 | 2439, 500 116, 400 70, 741
121,760 | 2,517,000 92,400 54,576
270,097 | 5,602,000 140,100 84,276
305,080 | 8,166,000 73,300 , 404
335,360 | 6,932,700 47,000 28, 508
: 400,709 | 8,283,400 92,000 48, 80
: 420,060 | 8,683,800 143,600 ) 843
: ; 443,115 | 9,160, 000 700 114,934
: s 756,101 | 15,630, 000 174 80,185
1006. .. wesinss .| 1,088,080 | 22088, 704 203, 500 136) 345
1907, . & 030,043 | 19,349,743 140,784 98, 857
; 033,200 | 19,202,818 135,672 71,908
900 os7,417 | 20,411, 147,950 76, 934
780,131 | 16,126,749 157, 850 85, 239
815,276 | 18,853, 460,231 23,
Be Lam G ome
?&a,m 13, 764, 259 304, 805 218,327
1006 | 16,702, 1 1,071,782 543, 303
534,068 | 17,241,713 | 1,370,171 907, 495
700,049 | 14,857, 1,239, 150 1,021, 060
458,641 | 0,480, 847,789 BA7, 789
456,084 | 9,498, 629, 708 705, 273
404,683 | 8,385, 560 53, 546 1,039, 364
390,558 | 8,073, 540 761, 085 761, 085
850, 067 1422, 367 720,045 729,045
16,231,091 | 835,526,460 | 11,463,502 i 8, 833,922
Gold and silver produced in Alaska, 1922, by sources.
Gold. Silver.
Value. Fine ounces. Valus,
015, 8% 71,88
» 11, 596 978 622,978
102 8,713 8 712
4,305, 000 26, 360 26, 360
7,422,387 720,945 720,045 -
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Gold and silver produced in Alaska from different sources, 1880-1922.

Gold. | Silver.

" | Fine cunces. Value. Fine cunces. Valne.

BIlCOOUS OPBS 8. -+ veemeernnannnannnnsnnreranns 4,903,620 | $103, 227, 434 048,761 |  $1,505,477
COPPOT OTE8. . ceaenroemnsmniassssnn e 80,680 | 1,792,084 866, 126 6,125, 041
: 2 DRGSR S 11,150,776 | 230,506,002 | 1,848,705 1,113, 404

16,231,001 | 335,626,460 | 11,463,502 8,833,922

& Including small amounts of galena ore,
GOLD LODES.

For many years the Alaskan gold-lode mining industry was almost
entirely based on the Treadwell property, in the Juneau district.
The profitable exploitation of this enormous ore body, containing
not more than $2.50 worth of gold to the ton, long ago brought
proof that the cost of mining in tidewater Alaska was not necessarily
excessive. This very profitable venture led to the development of
two other large ore bodies in the same district, the Alaska~Juneau
and Perseverance. The metallic content of these ores is much lower
than that of the Treadwell ore, but it was believed that this handicap
could be offset by the use of cheaper mining and milling methods.
The Perseverance (Alaska Gastineau) plant was completed in 1916
and the Alaska-Juneau in 1917, and therefore at the very outset these
plants met the adverse industrial conditions imposed by the World
War. In addition, other difficulties arose relating to irregularity in
the distribution of gold as well as to mining and milling. As a con-
sequence, the Perseverance mine finally closed in 1921; the Alaska-
Juneau, however, by improving its practice. increased its output in
1922 over that of 1921.

In 1917 came the Treadwell disaster—the caving and flooding of
two of the three large mines. As a result of the abandonment of
three of the five large mines of the Juneau district the value of the
annual gold output decreased from $4,570,000 in 1916 to $1,573,000
in 1922, The most encouraging fact about the Alaskan lode-mining
industry is that the loss of output from these large gold mines has
already in part been made up by the output of the smaller mines of
other districts. The total gold-lode output of Alaska in 1916 had a
value of $5,900,000 and in 1922 about $3,015,771. The reduction
is therefore only 47 per cent for all Alaska, while that of the Juneau
district has been 65 per cent.

The facts above set forth are cited because many believe that the
closing of some of the Juneau mines means the end of any considerable
quartz mining in Alaska. This is not true even at Juneau, and in all

".-"‘



"

ih

%

THE ALASKAN MINING INDUSTRY IN 1922, 9

other Alaska lode districts that are accessible by railroad or tide-
water the development and prospecting of hard-rock gold deposits
are actively going on.

Though the gold-silver deposits of the Salmon River district are
not yet productive, the outlook for profitable mining is good. The
development of mines in the Juneau district is more active than for
several years. On Chichagof Island, in the Sitka district, one addi-
tional mine, the Hirst-Chichagof, began producing in 1922, and several
other properties are being developed. The small gold mines on
Prince William Sound will probably soon react to the cheapening of
fuel by coal furnished from the Matanuska field. The Willow Creek
district, now accessible by railroad and good roads, is making excel-
lent progress in lode mining. In 1922 the value of the output from
the seven small mines of the district was $238,000, as against $118,000
in 1921; but more important than this gain of more than 100 per cent
is the fact that at last systematic underground exploration has
begun: In the Fairbanks district the completion of the Alaska Rail-

road and the assurance of comparatively cheap fuel from the Nenana

coal field have stimulated lode development. Five mines and
prospects produced gold to the value of $54,000 in 1922, as compared .
with $38,000.in 1921. There are in the Fairbanks district at least
& score of lode properties which under present conditions are worthy
of further exploration. In addition to the productive districts, there
are many other regions in Alaska where auriferous lodes have been
found.

Twenty-five gold and silver lode mines and six prospects * were
operated in 1922 and produced gold silver, and some lead and copper
to a total value of $3,138,585; in 1921 19 gold and silver lode mines
and 13 prospects were opemted and produced metals to a total value
of $4,082,741. These values do not include the gold and silver recov-
ered from the copper lode mines. In general, the lode-mining indus-
try in 1922 showed progress during the year, but developments of
ore bodies are not yet sufficient to give any assurance that the output
of gold from this source will increase in the immediate future. At
the same time the outlook for an early increase in lode-gold produc-
tion from the Sitka, Willow Creek, and Fairbanks districts is exceed-

ingly good.

1 Lods properties the value of whose total metalllc output is less than $1,000 are here classed as pros-
pects. These include some mines on which considerable development work has been done but which
have not yet been put on a regular productive bagls.
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Gold and silver produced from gold-lode mines in Alaska in 1922, by districts.

Gold. Bilver, Aw
Ore mined wvalue per

Ons ).
ounces. Value. caneses. Value. g:lld;rnd
Southeastern AlSSkS. ........c...... 501,542 | 124,798, 11 764 | 67,500 E .08
Willow Croek....................... i 7,242 ?l‘:bl&lﬁ n’%m 1, 500 u‘{'% g.o’r
Falrbanks district.......ccveeunenen L,72¢| 2,612.2% 54, 000 490 490 31.60
Other dISTHEtS. . . ouveeecernnnnnennas 3,026 | 6,96582 IH,M 1,018 | 11,018 5.2
2,513,534 | 145,887.43 | 3,015,771 80, 508 80, 598 L2

o Including small amounts of galena ore.

In the above table are included silver-lead ores as well as auriferous
quartz. The ore hoisted from auriferous quartz mines yielded an
average of $1.23 worth of gold and silver to the ton. In 1921 the
average recovery was $1.39. The low recovery in 1922 was caused
by the large percentage of the total tonnage furnished by the Juneau
mines. If these mines, which handle ore of very low grade, are
eliminated, the average recovery from the other mines included in
the table is $29.27 to the ton.

GOLD PLACERS.

Placer mining has been done in Alaska since 1880 and has yielded
gold having a total value of $230,000,000. Of this total more than
$200,000,000 has been mined sinee 1900, when the industry received
its first great stimulus by the gold output of the Nome district. Other
bonanza deposits were soon discovered, and by 1906 the value of the
annual output of placer gold had reached $18,600,000 and the indus-
try employed about 8,000 men. From 1906 the annual output
declined, and by 1913 its value was reduced to $10,680,000 and the
number of miners to 4,700. It should be noted that this reduction
(45 per cent) in the value of the placer output took place before the
war and that it indicated the rapid exhaustion of the bonanza deposits.
From 1914 to 1917 the average value of annual output of placer
gold was about $10,000,000, and if the general industrial conditions
had remained the same and railroad and road building and the devel-
opment of coal and petroleum had been accelerated, the annual
placer output would probably not have declined below this amount.
But after 1917 the war began to affect Alaska industries seriously,
and placer mining rapidly declined, reaching its minimum in 1920,
when the value of the output was only $3,873,000. Since then,
however, it has somewhat increased.

During the period of bonanza placer mining the cost of operation
was gradually but constantly lowered by improved methods of
mining, especially in gold dredging, the output of which increased in
value from $20,000 in 1903 to $2,200,000 in 1913. Dredges had been
built so actively before the war that, in épite of adverse conditions,

i

s



LRy

b

THE ALASKAN MINING INDUSTRY IN 1982, 11

they continued to increase their output, which did not reach its
maximum until 1916, when its value was $2,679,000. The hard
times that followed led not only to the shutting down of dredges
already built but to the abandonment of some new projects. The
dredges reached their minimum output of gold in 1920, when its
value was $1,130,000. This rise and decline of gold dredging before
1920 was paralleled by a similar though smaller fluctuation in hydrau-
lic and other mechanical mining.

The passage from almost strictly manual to mechanical methods of
placer mining was well under way when it was checked by the war.
Had it not been thus interrupted the transition would have been
more gradual, and it would not have dealt so severe a blow to the
communities supported by the returns from placer mining.

Everyone who is interested in the prosperity of Alaska, which in
the past has been so. largely built upon the returns from placer
mining, will naturally ask the question whether the gold placer reserves

 aresufficient to support again & large industry. In 19199 an at-

temtpt was made to estimate the value of the placer gold still unmined.
Such an estimate could not of course take account of possible new
discoveries; it must include only those areas of auriferous gravel
that have been more or less prospected. Fine colors of gold are
likely to be found in most Alaska streams, but only a few of these
streams contain workable placers. A rough estimate, which in-
cludes only the auriferous gravel whose gold content is large enough
to be profitably exploited by methods néw used, shows that there
is still about $350,000,000 worth of placer gold in the ground in
Alaska. This estimate is based on very incomplete data, and its
value should therefore not be overrated, but it at least indicates
the magnitude of the true figures, and it certainly shows that the

- Alasks placers are by no means approaching exhaustion.

In this connection an instructive comparison may be made be-
tween the placer mining in Alaska and that in the Klondike district,
in the Canadian Yukon. During the eight years of bonanza placer
mining ending about 1905 this district produced $107,000,000 in
gold. It was then generally believed that the days of placer mining
there were about over, but by use of hydraulic and dredging plants the
district has since produced gold worth more than $70,000,000. Yet
compared with placer mining in the Klondike, placer mining in
Alasks is but in its infancy.

Though the outlook for large-scale placer mining in Alaska is
very encouraging, yet it can not be denied that in mfmy districts
the day of profitable small operations is rapidly passing.*  Where

.the rich placers have been mined out, as they have been in many

camps, the individual operator who has little or no capital can not

* Brooks, A. H., The future of Alasks mining: U. 8. Geol. Burvey Bull. 714, pp. 7-11, 1921,
+ Braoks, A. H., The Alaskan mining industry In 1820: U. 8. Geol. Survey Ball, 722, pp, 14-17, 1022,
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profitably exploit the deposits of lower grade. If such deposits are
large enough they will be worked by more economical methods,
but if not the work on them must be abandoned. It is also clear
that the operations of large companies will not support: settlements
that have been built up on the returns from bonanza mining, A
dredge employing say 15 men may do the work of several hundred
with consequent loss to the local community. In many districts
this loss will be more than offset by the business developed through
lode mining or other new industries. Some settlements, however,
are bound to decline, and some will be entirely abandoned.

The interests of placer mining can be best served by affording
cheaper transportation and fuel, a fact shown by the stimulating
effect on placer mining of only one year’s operation of the Alaska
Railroad. The life of many of the districts in which the operations
are small can be much prolonged by the building of wagon roads,
_which at the same time attract enterprises requiring large capital.

About 507 Alaska placer mines, employing 2,198 men, were oper-
ated during the summer of 1922, and 120, employmg 402 men, during
the preceding winter. These mines produced gold to the value of
$4,395,000. In 1922 many more men than for several years in the
past were employed in installing large mining plants that are as yet
unproductive. It is certain that when the plants now being in-
stalled are operated the output of placer gold will be increased ; it will
be larger in 1923 than it was in 1922.

Statistics of placer mining in Alaska in 1921 and 1922,

Number of mines. Number of miners. Value of gold produced.

Reglon. " | Summer. | Winter. | Summer. | Winter. Decreass

ln 92 |y rease,

1021 | 1922 lm_ 1922 | 1921 | 1922 | 1921 | 1022 1022

Southeastern and R i
1oar westorn 7 2 3 1 11 3 3 2 $4,000°| $3,000 $1,000
mﬂm o 3?1;. 7| 8| 2| 5| 180| e1| 14| 18| 20,000 165,000| —55,000

1

mr%..... 34 36 2 1| 144 | 174 20 2| 165000 | 293,000 | +12%,000
Yukon basin. ........ 334 321| 79| 991,131 [1,25¢ | 335 | 321 [1,560,000 2, 119]000 | -+250,000
Kuskokwim regi o |- de] Bl 98 i Mt 520,000 | 542,000 | 422 000
rd Peninsula. 126 | 104 13 11| 622| 528 a1 51 |2, 450, 000 (1,265, 000 | — 185, 000
Kobulk region 9| 6| 4| 3| 15) 11| 10| 8| 7000| s000] -1,000
545 | 507 | 106 | 120 ||?,151 F,lﬂ 460 | 402 [l,,m,m It,mﬁ.cm <169, 000

Gold and silver produced from placer mines in Alaska in 1922, by regions.

Gold. Sllver, Gravel mined.

Region. Recovery
om. Value. uﬂ:a Value. Cuble | por eubic

N yard,
burn.;\]ssh sseaunan 145. 13 33, 000 2 $23 1, 800 $L67
r River reg vees] " 7,081.88 185, 000 851 851 305, 747 .54
lnlet and us.itnu reglon 14,173, 88 203, 000 2,006 2,005 503,7 .49
, 506,61 | 2,118, 000 13,751 13,751 | 1,900,167 101
[m.kokwi.m rqlon. 20,210. 25 542, 000 2,815 2,815 215, 25
Seward Peninstla. .......ceoveeene. 61,104.37 | 1,265,000 | 6,790 | 6,700 | 2,103,601 -80
Kobuk region.....ccccvseasseasnanes 387. 8,000 “ 44 5, 857 L3
212,608.12 | 4,305,000 26, 369 26,360 | 5,226,000 .84
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In:the early days of mining on the Yukon it was generally con-
sidered that a-placer miner must recover at least $20 a day during

the short working season if he was to be profitably employed.
Indeed, fortunes were believed to come only to those who were

gaining each day a still larger quantity of gold from the gravels.
Experienee has shown that in most Alaska districts a wage of $10
a day from a mine operated only by manual methods is considered
to be a good venture. These figures expressed in value per cubic
yard of gravel sluiced would be about $4 for the old days and $2 for
the present. In the first two years of mining on Seward Peninsula
the minimum profitable return was about $5 to the cubic yard; now,
with the large use of dredges, it averages less than 70 cents. In
spite of the fact that much the larger part of the present-day placer
mining in Alaska is done on gravel carrying a lower percentage of
gold than that of the gravel that has already been mined, the aver-
age profit is much larger. This gain is of course due to the decreased
cost of mining, which has resulted both from improvements in the
methods employed and from the lowering of cost of transportation.

- This gradual lowering of cost is demonstrated by the following tables,

which are based in part on returns.made by operators of placer
mines and in part on known facts' or assumptions concerning the
richness of the gravel in the several districts. Although the tables
are thus in part estimates, they are probably nearly correct. The
decline in the average gold content of the gravel mined from 1908
to 1914 reflects the gradual exhaustion of bonanza placers, the im-
provement in methods of placer mining, and especially the increased
use of dredges.

Gravel sluiced in Alaskan placer mines and value of gold recovered, 1908-1922.

Value of T Value of
'I'otal uan- | gold re- Total quan- | gold re-
Year. :z of gﬁwel covered Year, ﬂtm[ gravel| covered
| yards).| per cubic |(cubic yards).| per cubic
yard. yard.
$3.74 §1.57
3.66 140
2.97 1.20
2,17 1.10
L
1.28 1
1.28
Relation of recovery of placer gold per cubic yard to proportion produced by dredges.

Percent- | Becovery per cuble yard. Percent- | Recovery per cubic yard.

of of

Your Year.
old pro- d pro-
All All

5unmﬂ:y Dradges Mines. placers, . fm&’;y Dredges. | Mines. placers.
12 $0.60 | $3.36 [ $2.17 26 $0.68 | $2.21 | $1.40
13 .65 2,468 L.70 24 .87 1.84 1.20
21 .54 31 1. 57 27 77 131 .10
22 .53 2,07 126 29 .69 1,53 1.13
22 .51 2.33 1,29 37 .87 131 .88
24 68 264 157 40 B8 L29 .54
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Now that the means of transportation are improving and it is
becoming recognized that there are large areas of dredging ground in
Alaska, this form of mining is being more widely extended. In the
summer of 1922, after two years of systematic prospecting, two
dredgés, the largest in Alaska, were built at Nome, with buckets
holding 9 cubic feet and 40 and 60 foot ladders. A strong company

was also engaged in extensive prospecting of dredging ground in the
Fairbanks district. During the summer a dredge was being taken
to Gaines Creek, in the Innoko district, and another to Minook
Creek, in the Rax_np&rt. district, so that four new gold dredges will be
insta.llad in Alaska in 1923. In 1922, 23 dredges produced gold worth
$1,767,753; in 1921, 24 dredges produced gold worth $1,582,520. Of
the 23 dredges operated in 1922, 15 were in Seward Peninsula, 2 each
in the Iditarod and Fairbanks districts, and 1 each in the Innoko,
Mount McKinley (Upper Kuskokwim), Circle, and Yentna (Susitna)
districts. The dredges in Seward Peninsula produced about $609,859
worth of gold in 1922.

: Gold dredges operated in Alaska in 1922,
Seward Peninsuls: .
Council district:
Crooked Creek Dredge Co., Crooked Creek.
" Garrod & Overbaugh, Warm Creek.

Northern Light Mining Co., Ophir Creek.

Wild Goose Mining & Trading Co. (2 dredges), Ophir Creek.
Kougarok district, Behring Dredging Corporation, Kougarok River.
Nome district:

Ames & Guinan, Glacier Creek.

Bangor Dredging Co., Anvil Creek.

Center Creek Dredging Co., Snake River.

Dexter Creek Dredging Co., Dexter Creek.

Frank Hall, Arctic Creek.

Julien Dredging Co., Osborn Creek.

Solomon district:

Eskimo Gold Dredging Co., Solomon River.

Iverson & Johnson, Big Hurrah Creek.

Shovel Creék Dredging Co. (Nylen, Hultberg, and others), Shovel Creek.

Yukon basin:

Circle district, Berry Dredging Co., Mastodon Creek.

* Fairbanks district, Fairbanks Gold Dredging Co. (2 dredges), Fairbanks Creek.
Iditarod district:
Beaton & Donnelly, Otter Creek.
" 7J. E. Riley Investment Co., Otter Creek.

Innoko district, Flume Dredge Co., Yankee Creek.
Kuskokwim region: '

Mount McKinley district, Kuskokwim Dredging Co., Candle Creek.
Cook Inlet and Susitna region:

Yentna district, Cache Creek Dredging Co., Cache Creek.

-
-
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. Gold produced by dredge mining in Alaska, 1905-19%2.

” Nomber of | Valusot | jSTevel | Velge of
ear. dredges gold (cubic |ocovered
operated. | output. | [ORS 1OORETTLRS
2| $20,000 |....
3 25,000 |-~
g Soo|....
4 :?Er:wo
l wpeel-
14| 425,000 |..C i
18 | 800,000
97 | 1,500,000 | 2,500, 000 $0.60
38 | 2/200/000 | 3;400,000 .85
35 | 2,200,000 | 4,100,000 54
43 [ 2,350,000 | 4,450,000 .53
35 | 2,330,000 | 4,600,000 .51
34 | 2,670,000 | 3,900,000 .60
36 | 2,500,000 | 3,700,000 .68
28 | 1,425,000 | 2,490,000 57
28 | 1,360,000 | 1,760,000 77
93| 1,129,032 | 1,633,861 .60
o4 | 1,582,520 | 2 799,519 .57
7| 1,767,753 | 3,186,343 .55
TR e B

COPPER MINING.

A httla copper mining was done at Kasaan Bay, in the Ketchikan -
district, as early as 1880, but this project was soon abandoned.
About 1899 the copper deposits of Ketchikan and Prince William
Sound began to receive attention, and in 1900 small shipments began.

The production of a large output of copper in Alaska began with
the opening of the Kennecott mines after the completion of the
Copper River & Northwestern Railway in 1911. In the next four
years the annual output averaged 25,000,000 pounds. By 1916,
under the stimulus of war prices, the output had been increased to
119,654,000 pounds. Since then, in consequence of the slump in the
copper market, the annual output of the metal in Alaska has in
general gradually decreased, reaching its lowest point in 1919, when
it was 47,000,000 pounds. In spite of the continued low price of
copper, the output in 1922 was 77,967,819 pounds. Alaska hqs now
produced a total of 751,086,642 pounds of copper.

Most of the copper mined in 1922 was obtained from the three large
mines of the Kennecott group in the Chitina Valley, and from the
Beatson-Bonanza mine, on Prince William Sound. In 1922, as in
many other years, copper was produced also at the Rush & Brown
mine, in the Ketchikan district. A small output of copper was also
made from mines in the upper Kuskokwim Valley and in some other
districts. The low price of the metal has prevented the owners of
many small mines from renewing operations, but there was some
revival of interest in prospecting copper lodes in 1922, notably in the
Chitina Valley. The advance in the price of copper will undoubtedly
reanimate copper-mining activities in Alaska,

76813°—24——2
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The average copper content of the ore mined in 1922 was 6.7
per cent. The ores yielded an average of $0.020 in gold and $1.07 in
silver to the ton. The average yield in 1921 was 5.8 per cent of copper
and $0.024 in gold and $1.14 in silver.

Of the total copper ore mined in Alaska in 1922, 94 per cent,or
544,212 tons, was concentrated and yielded 53,572 tons of concen-
trates, which averaged 45 per cent of copper. Most of the copper ore
mined in 1922 was shipped to the Tacoma smelter, but a part of that
mined in southeastern Alaska was treated elsewhere.

Copper produced in Alaska, 1880-1922,

Copper produced.
Year Mines | Ore mined
' vty e Pounds Value.

1 2 3,083 $326
1 500 100,000 18,000
2 1,350 270, 000 44,000
3 2,750 510, 000 56, 000
i 9,000 | 1,730,000 294 510
4 15,000 | 32,843,536 078
8 52,100 | 3,481,771 :
15| 105,739 | 6,450,508 1,246, 682
13 98,977 a,gm 1,281, 757
9 51,500 | 4,585,362 605, 267
7| - 34,009 4124705 536, 211
7 30,865 | 4,241,689 606
8 68,075 | . 27,267,578 a.ﬁm
7 03,453 | 20,230 401 4,823, (61
6| 1357 | 21,659 058 357, 296
6| 153,605 21450628 852, 034
14| Soew| ssma| 151,10
18 7,964 | 119,654, 530 , 484, 291
17| ssasr| STGA0| 320,58
17| 722,047 | 60,234,051 | 17,008, 563
8| 492ei4| 4720 8,783, 063
$| som| 74| 139,108
8 f121 | 67011597 354, 496
5| 581,384 77,967,819 10,525 655

.......... 5,548,028 | 751,086,642 | 145,478,873

' SILVER-LEAD DEPOSITS.

No marked advances were made in 1922 in the development of
deposits of galena. The Moonshine property, in the Ketchikan dis-
trict, long idle, was reopened. Work was continued on the lodes of
the Salmon River district (Portland Canal), which carry a high con-
tent of silver. In the Kantishna district the prospecting of galena
orea continued with encouraging results, but systematic and large
underground exploration must await the construction, already begun,
of wagon roads to the Alaska Railroad. So far as now known, the
Perseverance claim, in the Ruby district, and the Quigley mine, in
the Kantishna district, were the only galena deposits mined in 1922.
The output from these properties and the by-product from the
Alaska-Juneau mine appear to have been the source of all the lead
produced in Alaska in 1922. The Alaska lead output is as yet but
gmall and in the past has fluctuated with the mining of gold and
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copper.. The silver produced in 1922, estimated at 729,945 ounces,
was only in small part derived from these galena deposits, for most
of it was'a by-product of gold and copper mining.

Lead produced in Alaska, 1892-1922.

Year. Tons. Value Year, Tons Value
30| 82,400 0| 8,360
0| 23,040 69 5,934
35| 2310 75 6,600
20| 1,32 51 4,590
0| 1800 %5 4,050
30| 2160 8 523
| 2240 2 1,34
35| 3,150 a7 4
80| 3440 820 [ 113,160
40| 3440 852 | 146,588
30| 2460 564 | 80,088
30| 252 687 | 72,822
30 2580 875 | 140,000
20| 2,62 759 | 68 270
30| 3420 37| Aam
30| 3,180

6,105 | 772,014

TIN.

The price of tin has been too low to encourage the further opera-
tion of Alaska tin mines. In 1922 the only tin produced was that
taken from the gold placer mines of the Hot Springs district. About
700 pounds of stream tin was shipped from Nome, however, but so far
a8 known this was all mined before 1922 and has therefore been pre-
viously included in the statistics of Alaska tin production.

. Tin produced in Alaska, 1902-1922.

Ore Metal Orp

Tear. (tans). | (tons). [ VAlue- Year. (toms). | (tons). | Value
25 15| 38,000 104 560
4| ® ik g | i
o | shew R
3.5 z| 18752 5 u':g:m
Re) Bl AR
I b -8
194 130 | 119)600 1
a8 50 4,18 b e

PLATINUM METALS,

- There were no developments during 1922 in mining the platinum
minerals in Alaska. The Salt Chuck copper-palladium mine, in the
Ketchikan distriet, was closed throughout the year. The only
plat.mnm produced was that recovered incidentally to gold placer
miniag by about five operators, mostly in Saward Peninsula and the
Chwann district.



18 ~ MINERAL RESOURCES OF ALASKA, 1903,
Platinum metals produced in Alaska, 1916-1922.

v | oot [ [vawe | vee | G [ | v
(1T 120 s $700 || 1000........ooooene| 14884 | 147897 | 160,117
FUTL SO s1.2| 5340 5,500 (| 1021..0 000 Il a0 T w00| 2870
1T 301.0| 28400| 36,600 |( 1923, 0000 T 300 2530 2,30
1019, 00000l 579.3 | 569.52| 73663

2,662.0 [ 2,462.52 | 282,000

MISCELLANEOUS METALS.

Deposits of quicksilver, antimony, chromite, tungsten, and molyb-
denite occur in Alaska and have been mined in the past. In 1922
the output of these metals was confined to a small amount of scheelite
(tungsten ore) recovered from gold placer mining near Nome. Some
development work was continued on the nickel deposits of Chichagof
Island and on the quicksilver-bearing lodes in the lower Kyskokwim
River. Work was also done on a bismuth-bearing lode in the Bonni-
field (Nenana) district of the Tanana Valley.

COAL.

In 1922 a total of 79,275 tons of coal was produced in Alaska, of
which over 90 per cent was the output of private mines, and the rest
came from the Government mines. In 1921 only 30 per cent of the
coal output was produced from private mines. Evidently, therefore,
the development of the mining of coal for local use is well under way.
It is certain that Alaska’s coal consumption will expand with the
demands of mining and other industries, and much of this increased
use will be met by the product of Alaskan mines. It is not likely that
the subbituminous and lignitic coal now locally mined can compete
with the imported fuel now used in southeastern Alaska. On the
other hand, central Alaska, including the region along the Alaska
Railroad, Kenai Pemnsula, Prince William Sound, Alaska Peninsuls,
and probably the region along the Copper River & Northwmtem Rail-
way, form an industrial province which should draw its fuel from
Alsskan sources. The industrial developments under way in this
province should soon double the demand for coal, but even then the
market will not exceed 200,000 tons. Interesting possibilities for the
use .of Matanuska coal for bunkering were opened in 1922 by the
supplying of the U. S. collier Jagon with 5,000 tons of coal from the
Chickaloon mine. Fuel for Seward Peninsula is now all imported
and is predominantly petroleum. Plans have been considered for
utilizing the enormous deposits of coal near Cape Lisburne to supply
the Bering Sea region. The Cape Lisburne region includes very high-
grade bituminous coal as well as enormous bodies of subbituminous
coal, and these form the largest coal reserve of northwestern Alaska
and probably a larger reserve than any in northeastern Siberia. The
shipping season from Cape Lisburne is only two months long, which
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is a serious handicap to the project, but in spite of the difficulties in
exploitation, these eoals will in time be drawn upon to supply the
country around Bering Sea.

The high-grade coa.ls of the Bering River and Matanuska field ere
not yet sufficiently developed to give assurance that they can find a
market in competition with fuels from other fields, which can be
mined much more cheaply. As they are the best coals on the Pacific
seaboard of North America, however, it is only a question of time
when they must be utilized.

To summarize the Alaska coal situation: The mining of the lower-
grade coals for local use will increase considerably, though no large
market for these coals can be expected in the immediate future.
Underground exploration of the higher-grade coals of Bering River
and Matanuska will be continued. The mining of these coals will
depend on the discovery of beds that will be cheaper to mine because
they are less disturbed than those at present known, or on an increase
in the demand for coal on the Pacific, which would force the mining
of expensive fuels. Evidently such an increase in demand is involved
with the future of petroleum production. If petroleum can not be
drawn upon to supply the constantly increasing demand for fuel, the
Alaska coal will have to be utilized. In this connection the possibil-
1t£ that Alaska may furnish a large petroleum supply should be con-
sidered.

Coal produced and consumed in Alaska, 1888-1922, in short tonas.

Prodnced in Alaska, | Imported | Totalfor-
ohiefly subbituminous | GERe | aeny Bt
Y 0. chiefl 61 tuminous Total coal
- tum.\.nyous from | Consumed.
from Wash-| British Co-
Bhort toms.| Value. ington.s | lumbias
6,000 1 IPERERREELY SR R
:{;% ?ﬁ&mﬁ ....................................
1, 200 ﬁ’,m """ 10,000 )" "v B0, 120 """ 61,320
1,200 16, 800 1%(»3 b 56, 623 7-13,’371
1, 300 15, 600 20,000 | 077,674 102, 074
Tl BTe|  ouem| oo e
1,604 7,225| 36,689 agg’,sm 1 :mg
3,774 13, 250 87,713 72612 144, 009
5, 541 17,074 69,493 | b 47,500 122, 624
10,139 53, 600 18,248 | 93, 262 149, 647
2,107 12311: 23,803 | b 86, 404 113, 404
2,800 12, 300 %m 046 104, 958
1,000 15,000 008 %m 91, 518
900 9, 300 228 o1, 345 n&cm
365 2 840 767 & 16 438
wie| = sm 2R 2@
""" Lao | TR0 | 4632 %m 77,186
13,073 52,317 44934 872 111, 679
s,965| 985317 58118 %558 168, 660
5,000 | 411, 850 51,520 ’ 986 165,112
met we) cw) 4m m
76,817 504 278 33,776 ETL
, 275 %.m g"m 27,021 i&%
469,880 | 2,723,161 | 082,443 | 1,382,751 | 3,806,074

o No figures on imports before 1599 are available. b By fiscal year ending June 30,
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In 1922 coal was mined at about 12 localities. Some of the opera-
tions ware small, there being only 7 that produced more than 1,000
tons each. Ooal-land exploration was continued in the Mat-anuska
field throughout most of the year by either the Alaska Naval Coal
Commission or the Alaskan Engineering Commission. Incidentally
to this work 5,297 tons of coal was produced. The Jones mine was
worked until the later part of November, when operation was tem-
porarily suspended on account of a fire. Because of this suspension,
the Eska mine of the Alaskan Engineering Commission was reopened
and produced 2,611 tons of coal before the end of the year. Some
coal was also produced at the Baxter mine, and there were small opera-
tions at other localities in the field. A large sample of Government
coal from the Matanuska field was washed and shipped out for a
naval test in 1922.

The only coal mined during the year in the Bering River field was
a sample sent out from the Carbon Creek mine for naval tests and
some mined on the Alaska Petroleum Co.’s property mcldenta.lly to
development work. Some progress was made on the project for a
railroad from Katalla to the heart of the field.

Of the coal mined during 1922, 23,636 tons was hgmt.e mosb of
which came from the Nenana field, where two mines were operated.
The Broad Pass Coal & Development Co. worked a mine from July
to December. The Healy River Corporation continued operating
its mine on the west bank of Nenana River until July. It then
turned its main efforts to another property on the east side of the
Nenana, to which a spur from the railroad was completed in October,
when coal production began.

A few coal banks were worked for local use in the Broad Pass
region. As in the past, the Bluff mine, on Cook Inlet, was operated.
In northern Alaska lignitic coal was mined at three localities—at the
Kugruk mine, on Seward Peninsula; on Kobuk River; and at Wain-
wright Inlet for use of natives. The total output from these opera~
tions was about 500 tons.

PETROLEUM.

" Plans are under way for testing by drilling in nearly all the Alaska
oil fields, but one well put down by the St. Elias Oil Co. in the Katalla
field is all that was actually accomplished in 1922. Meanwhile the
project for work in the Cold Bay field, on Alaska Peninsula, was
actively pushed, and drilling began in the winter of 1922-23.

In August, 1922, two steamers landed equipment for drilling at
Portage Bay, in the Cold Bay field. The town of Kanatak, at the
head of Portage Bay, was changed within a short time from a settle-
ment of 10 or 15 whites to a boom town with tents, cabins, and frame
buildings numbering & hundred or more and with a population of

i
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150. to, 200, which has been augmented by still others arriving on
every. boat. Several months before the oil rigs were landed all the
ground for several miles from the town had been staked. illi

is to be done.on the Pearl Creek dome, 174 miles northeast of Kanatak,
by the Associated Oil Co. and the Standard Oil Co. of California.
The Associated Oil Co. has two portable Star rigs and intends to use
local petroleum residue as fuel. The Standard Oil Co. has a standard
rig and the equipment needed for drilling to a depth of 4,000 feet.
Power is to be furnished by a 75-horse power gasoline engine. Imme-
diately after the arrival of the steamers work was started on & wagon
road that must cross two 1,000-foot divides, and by the middle of
October this road was a little more than half completed. All haul-
ing is being done by tractors. It is reported that the Associated Oil
Co. had reached a depth of 200 feet in March, 1923, and that the
Standard Oil Co. had started drilling about March 1.

The work in the Cold Bay oil field is by far the most important
event in the history of the Alaska petroleum lands since they were
thrown open to leasing in 1921. Though it was the only definite
action taken in 1922 for drilling in the prospected though undeveloped
Alaska oil lands, plans for such development in other parts of the
Territory are under way, and applications for oil permits are still
being filed. Test drilling in other regions will quickly follow the
discovery of an oil pool in the Cold Bay field or may even precede it.
The only oil produced in Alaska in 1922 was that obtained from the
11 small wells on the single patented tract in the Katalla field. These
wells are owned by the Chilkat Oil Co., which finds a ready local
market for its product in the form of gacoline produced at its own
refinery.

It is known that there are good possibilities for the occurrence of
a large oil field in the extreme northern part of Alaska. Some indi-
cations of oil have been found or reported in the Arctic coastal-plain
region, in a belt some 400 miles in width, and what is known of the
geology suggests that the geologic conditions may be favorable for
petroleum. It will, however, take many years of surveys and inves-
tigations before any part of this vast and inaccessible region can be
classed as probable oil land. If there is a large oil field in this region
means will be found to develop it, but this will not be done under the
restrictions imposed by the present petroleum-land leasing law. No
such large investment as would be required by such a project will be
made unless the conditions are so changed as to be very attractive
to the investor.

In. February, 1923, about 35,000 square miles of the western part
of this possible oil-bearing region was withdrawn from entry as naval
petroleum reserve No. 4. Alaskans, from bitter experience in the
past, have a well-grounded prejudice against withdrawals. In this
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case, however, the withdrawn area is of no value for development
under the present land laws. The Executive order indicates the
purpose of the reservation by the following clause: “Said lands to
be 80 reserved for six years for classification, examination, and the
preparation of plans for development,” and until otherwise ordered
by Congress or the President private interests in this region are safe-
guarded by the following clause: ““The reservation hereby established
shall be for oil and gas only and shall not interfere with the use of
the lands or waters within the area indicated for any legal purpose in
connection therewith.” In April, 1923, the Navy Department made
a grant to the Geological Survey to meet the cost of an investigation
of a part of this reserve.

Petroleum products shipped to Alaska from other parts of the United States, 1905-1928,
“in gallons.a

Heavy olls, | Gasoline, in-
Y lt:'r:‘::,i'-:l ol ti‘{glliilfm | TMuminating | Lubricating
ear, e oll, er - ul
aﬁ“"’“- ucts oPdis- oil oll.
uum, ete. | tillation.

1005, . eeeene e eee e enan e eae e e nemnne 2,715,074 713,496 627,301 8,310
580, 978 508, 083 3, 902
838, 831 510, 145 100, 1

930, 424 560, 598 g,
748, 080 531,727 687
788, 154 620, 972 104, 512
1,238, 885 423, 750 100, 141
3,736, 739 672,176 154, 565

1,735, 658 681, 656 150,018

2,878, 723 731, 146 191, 876
2,413,082 513,075 271,981
2,844, 801 732, 360 046
3,256, §70 750, 238 869
1,086, 852 382, 188 413
1,007,073 | 3,515,746 077,708
pusim| ueaa| i

1, 438, 050 %m’,m 345,
28,200,441 | 16,811,858 4,500,824

a Compiled from Monthly Summary of Foreign Commerce of the United States, 1005 to Buresu
of Poreign snd Domestic Commerce. e

STRUCTURAL MATERIALS, ETC.

The mining of gypsum in the Sitka precinct continued on about the
same scale as in previous years. In 1922 the output of the marble
quarries of Prince of Wales Island, in the Ketchikan precinct, was
lazger than that of 1921. The sulphur mining and refining plant on
Akun Island made no production during the year, and no graphite,
barite, or garnet was produced.

REVIEW BY DISTRICTS.

The enormous extent of Alaska and its greatly diversified mining
industry make it difficult to obtain complete records of important
events in every one of the fifty-odd districts where productive min-
ing is being carried on. The small technical staff assigned to the

P
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Alaskan work of the Geological Survey under the present reduced
appropriation can not reexamine these districts except at long inter-
vals: ‘Therefore, many of the data contained in the following review
were of necessity gained by correspondence. If every miner in
Alaska would report the results of his work, this summary could be
made complete. Unfortunately this ideal has not been attained,
and therefore the following statement is necessarily incomplete. As
most of the mine operators can be reached by mail only once during”
the year, prompt publication demands that this report be prepared
by the spring following the-year which it covers. As a rule data
received after that can not be included. The space here devoted to

- any one district may indicate the amount of information on hand

relating to its mining developments rather than its relative impor-

tanee.
SBOUTHEASTERN ALASKA.

The mineral output of southeastern Alaska in 1922 was derived
from seven gold and silver lode mines, one copper mine, a few small
placer operations, a gypsum mine, and a group of large marble
quarries. The value of the total mineral output decreased from
$3,865,150 in 1921 to $3,084,380 in 1922. This decrease is largely
due to the smaller production of the Ready Bullion mine, which was
closed in December. During the year there were marked advances
in gold-lode development in southeastern Alaska, especially in the
Portland Canal region. :

KETCHIKAN DISTRICT.

The Rush & Brown mine was the only producing copper mine in
southeastern Alaska in 1922. Some work was done at the Jumbo
copper mine, preparatory to reopening it, and some development

‘work was done at the Lake Bay property. The Salt Chuck copper-

palladium mine is in the hands of a receiver and made no produc-
tion in 1922. No report was received from Julia gold mine, which
was apparently closed. Developments were continued at the For-
tuna mine, and some test shipments of gold ore were made. Some
work was also done on the Alaska and Free Gold properties, at Helm
Bay.

The large marble quarries near the north end of Prince of Wales
Island were worked on a somewhat larger scale in 1922 than in pre-
vious years. '

- Mining near Hyder, in the Portland Canal region, consisted in the
development of at least a dozen properties carrying chiefly gold,
silver, and lead ores, with some other valuable minerals. No ore
was produced, but some test shipments have been made. The
aggregate amount of open cuts and drifts is large, and the results of
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this work are reportad to be exceedingly favorable. The devel-
opment of shipping mines is soon to be expected. Information
about the developments on individual properties of the distriet is
not complete enough to justify a summary.

WRANGELL DISTRICT.

No productive mining was carried on during 1922 in the Wrangell
district. The silver-lead ores are still being developed, it is said,
with encouraging results. Application has been made for patent to
the barite deposits on Castle Island, in Duncan Canal. There was
no production and but little development of copper ore.

JUNEAU DISTRICT.

At Juneau mining interest centered on the remarkable results
achieved in the milling of the ore of the Alaska Juneau mine. The
mine is developed by & 7,000-foot adit and equipped with a concentrat-
ing mill having a daily capacity of 8,000 tons. Up to the end of 1922
the total underground developments, exclusive of stopes, aggregated
111,273 feet. The work done in 1922 comprised drifts and cross-
cuts, 1,071 feet; raises, 2,291 feet; interdrifts, 172 feet; powder
drifts, 1,907 feet; bulldozing chambers, 60 feet; stations, 52 feet—a
total of 5,553 feet.

Production of Alaska Juneau mine, 192122 and 1898-1922.

Ore (tans). Motals recovered.

Coarse
Toal | TRE | ftallnes | Gold. | coupe. | (pounds). | vl

1171 DU 1,613,600 | 004,323 | 700,277 | $069,708 | 40,610 sgg, u,g,m
W 2/310,550 | 1,108,559 | 1,201,991 | 1,206,157 | 49,406 814 | 1,388 679
isea-igg2. 11111l 7,752,549 | 5,263,523 | 2,489,026 | 5,431,526 | 162,014 | 2,833,130 | 5,768,580

The Ready Bullion mine and 100-stamp mill were operated through-
out the year until December 20, when both were permanently closed.
Durmg the summer a little groundalmcm,, was done at a placer mine
in Silver Bow Basin.

The Peterson gold mine, north of Juneau, which has been worked
in a small way for many years, was closed during 1922. The Daisy
Bell, a small mine south of Juneau, was also closed.

The Jualin mine, at Berners Bay, north of Juneau, which was closed
in 1917 because of war conditions, is now under lease to the Jualin
Berners Mining Co. This company in 1922 continued the old drain-
age tunnel and employed some 45 men. During the last years of
operations, 1915 and 1917, the mine milled 25,691 tons of ore with

¥
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an average recovery of $10.81 a ton, giving an extraction of 91 per
cent of the assay value.

No report has been received from the Endicott Mining & Milling
Co., which is opening a lode property on William Henry Bay, on the
west side of Lynn Canal. According to newspaper statements, the
15-stamp mill was completed in November and started operations
before the end of the year.

SITKA DISTRICT.

Productive mining in the Sitka district includes the work done at
Chichagof and Hirst-Chichagof gold mines, in the northern part of
Chichagof Island, and the gypsum mine at Iyoukeen Cove, on the east
shore of the island. In 1922, as in the past, the Chichagof was the
only large producing mine. Here the underground work during the
year consisted of 320 feot of shafts and 2,080 feet of drifts. The
total developments to date are reported to comprise 1,570 feet of
shafts, 18,680 feet of drifts, and 10,000 feet of adits (six).

“No report has been received from the Hirst-Chichagof mine.
It is known, however, that the erection of a 10-stamp mill was
completed, and the mill started operations during the summer.
The prospecting of nickel-bearing copper ores in the northwestern
part of Chichagof Island is reported as being continued. The Pinta
Bay Mining Co. continued the development of its gold property on
Chichagof Island, and toward the end of the year was preparing to
install & mill. In the same district the Falcon Bay Co. also con-
tinued work on a gold property and completed 640 feet of adit.
At the Brown Bear group 140 feet of underground work has been
completed, chiefly in 1922. At the Golden Copper group develop-
-meht work was continued during the year, and a small mill has been
installed: <At the El Nido property, on Lisianski Inlet, the ore lode
is reported to have been found in the lowest crosscut, 475 feet below
the outcrop of the vein.

OTHER DISTRICTS.

The development of gold placer mines on Porcupine, McKinley,
and Cahoon ereeks, in the Porcupine district of southeastern Alaska,
continued in 1922, It is planned to exploit the placers on these three
creeks by two large hydraulic elevator plants. The most important
developments of the year were the building of a bridge across Porcu-
pine Creek and the extension of a road up the same creek. Some work
was also done on the Porcupine property, an auriferous lode. About
30 men are reported to have been employed in this development
work,

No reports have been received from the Lituya Bay region, but
it is believed that a little placer mining was done there.
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Five men were engaged in mining the beach placers of Yakataga
during the season of 1922, which extended from about May te De-
cember. The actual working time of these mines was between 60 and
150 days, and the work was done by groundsluicing. It is reported
that good placer prospects have been found away from the beachin
spruce timber. The geologic information at hand indicates arecent
elevation of the shore line. If this is true, the discovery of ancient
beach deposits is not improkable.

COPFER RIVER BASIN.

The continuous operation of the three large copper mines of the
Kennecott group and the summer placer mining in the Nizina and
Chistochina districts constitute nearly all the productive work done
in the Copper River basin in 1922.

In the west end of Chitina Valley ® some mining operations were
conducted on Elliott Creek and on Berg Creek, tributary to Kuskulana
River. The work at the North Midas mine, on Berg Creek, was done
by an association called the “Engineer syndicate.” The small
cyanide plant installed near the mouth of Berg Creek was replaced by
a flotation plant, and the gold and silver bearing pyrite of the ore was
concentrated to a shipping product for smelter treatment. The
concentrates were hauled by a tractor nearly 12 miles from the mill
to Strelna and shipped on the Copper River & Northwestern Railway,
A semi-Diesel engine was installed in the summer of 1922 as a source
of auxiliary power to that obtained from Berg Creek.

Development work on the copper prospects of Elliott Creek wag
directed principally toward the exploration of the Goodyear and
Henry Prather claims, on Rainbow Creek, and the “Kings claims,”
near the head of Elliott Creek. The principal camp is now at the
mouth of Rainbow Creek,; but a new camp was established at the
head of the Elliott Creek valley, and from these two camps as bases
exploratory tunnels were driven on the claims mentioned. Power
for the compressors was furnished by two semi-Diesel engines, and
supplies were freighted by pack train from Strelna.

The mines at Kennicott, including the Bonanza, Jumbo, and Mother
Lode, were steady producers of copper throughout t-he year. Al-
though the Mother Lode mine is opern’oad by the Kennecott Corpo-
ration as a separate project, its ore is now brought to the surface
through the Bonenza mine and is sent to the mill over the Bonanza
tram. These mines are remarkable because of the high grade of
the ore, which consists principally of chalcocite and carbonates,
and the low cost of producing copper. Development has now been
carried down to the 1,500-foot level, and nothing has been found to
indicate how much deeper the ore bodies may be expected to extend.

& Notes by F. H. Moffit.
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During the summer the steam turbines that have heretofore fur-
nighed power for all mine operations were supplemented by two new
Diesel angmea capable of bea.rmg all the load. This improvement
will result in a very material saving in the cost of fuel oil and should
lead to a further decrease in the cost of producing copper.

The following statements on mining and milling at the Kennecott
group of mines during 1922 are taken from the annual report of the
company:*®

Kennecott ores milled totaled 182,726 tons, assaying 6.47 per cent. From this ton-
nage there was produced 18,277 tons of concentrates of an average assay of 49.63 per
cent copper. * * * Theleading plant treated 217,395 tons of mill tailings assaying
90 per cent carbonate copper, producing 1,976.78 tons of precipitates, containing,
2,970,400 pounds of copper. The development work done at Kennecott during the
year totaled 7,893 feet, as well as 6,637 feet of diamond drilling. At the Erie mines
work was started on a crosscut 12,000 feet long, which will connect with the Jumbo

The Mother Lode mine, ad]a.cent to the Kennecott-Bonanza, is worked by the same
company. Its ore is treated in the Kennecott mill. The Mother Lode is devnloped
. by an 850-foot adit and a 700-foot shaft.

“Possibly the most important new development of the year in the Nizina district
viewed from the standpoint of its potential benefit to the district generally, is the
work at the Green group, on McCarthy Creek, about 11 miles from the town of McCar-
thy. A promising bedy of chalcocite was discovered in the limestone af the limestone-
greenstone contact on the east side of McCarthy Creek, at a point on the hill slope
where the contact was covered by slide rock. A tunnel was started at this point
and extended into the limestone. Another tunnel was driven through the greenstone
to the limestone 100 feet lower than the first tunnel, and a raise was made to connect
the two. Copper depoeits were found in the greenstone, but the principal ore body
was enceunteréd in the limestone of the upper tunnel and in the raise. Exploration
had not advanced sufficiently at the time this property was visited to determine
whether the ore body is large enough to yield a mine.

In the Nizina placer district two large hydraulic plants were
operated in both Dan and Chititu creeks, and there were some smaller
summer operations on Rex and Young creeks. A little winter min-
ing was also done on Rex and Dan creeks, and some prospecting on
Copper Creek. A total of eight mines, employing 98 men, were
operated in the Nizina district in the summer of 1922, and three
mines, employing 5 men, during the preceding winter.

Hydraulic mining in the bench gravel on the north side of Dan
Creek resulted in the discovery that the creek, at some earlier time
in its history, had cut one or more terraces in the shale bedrock, so
that the overburden has proved to be less than the topography
seemed to indicate, and the work of removing it will therefore be
less than was expected. Mining on Dan Creek has been carried on
chiefly in the stream gravel, and comparatively little attention has
been given to the bench gravel, although it is known to be gold
bearing. Placer mining on Chititu Creek in 1922 was done under

¢ Eennecott Copper Corporation Eighth Ann, Rept., for 1922, pp. 5-6, New York, 1923,
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difficulties because of differences between the operators and laborers
and because of unseasonable westher, sothat probably a diminished
output was made. At the time when the first snow cams, Tate in
August, work on the cuts laid out for the season was much less
advanced than is ordinarily expected at that time of the year. On
Young Creek considerable prospecting and some mining was done
in the summer, with results sufficiently good te encourage the miners
to continue their work another season.

In the Chistochina district the hydraulic plant on Slate Creek,
employing 25 men, was much the largest in operation. One plant
employing 10 men was also operated on the Middle Fork of the
Chistochina, and there were probably other small mining activities
that were not reported.

The unusually dry season in the Nelchina district, in the western
part of the Copper River basin, seriously interfered with placer

and almost no gold was produced there. The Alaska Placer
Gold Mining Co., on Alfred Creek, made the largest developments.
It built a mile of ditch and a 400-foot flume and installed a hydraulic
plant. One other small mine was worked on Alfred Creek and three
others on Albert Creek. The value of the placer gold mined in the
Copper River basin during 1922 was about $165,000.

PRINCE WILLIAM SOUND.

In 1922 the only output of minerals on Prince William Sound was
that made at the Beatson copper mine and at the Big Four, Gold
King, and Ramsay-Rutherford gold mines, near Valdez. Thére was,
however, in the aggregate considerable prospecting of lode deposits.
According to the Kennecott Copper Corporaticn,” the Latouche prop-
erty (Beatson-Bonanza) was operated at approximately 50 per cent
capacity throughout the year. The mill treated 274,863 tons of ore
assaying 1.88 per cent copper, producing 23,147 tons of concentrates
assaying 18.99 per cent copper.

A total of 7,155 feet of development work was done at Latouche
during the year.

No report has been received from the Girdwood mine, adjacent to
the Beatson-Bonanza, which appears to have been idle. Statements
have been published in the press that this property was purchased in
1923 by the Kennecott Corporation.

Outside of the work at the Beatson-Bonanza mine, the most impor-
tant developments on the sound have been made at the Rua copper
property, on Knight Island. This mine is now developed by a drift
900 feet long and a total of 750 feet of crosscuts. The crosscuts are
spaced at 100-foot intervals. In 1922 244 feet of underground work

7 Kennecott Copper Corporation Eighth Ann. Rept., 1922, p. 8, New York, 1923.
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was done. Drifts and crosscuts are about 1,500 feet below the highest
outcrop of the ore body.

An the description of this ore body published by the Geological Sur-
vey it is stated ® that at an altitude of 750 feet the ore body “ pinches
out beneath overlying greenstone flows,” but this statement has been
found to be erroneous. In fact, some evidence of the fissure and of
copper mineralization is traceable to the top of the cliff, 1,500 feet
above the mine workings.

The continued low price of copper has discouraged the develop-
ment of copper lodes on the sound, and little was done except assess-
ment work. At the Fidalgo mine a 30-foot adit was driven, and
there were minor operations on other properties.

The Big Four gold mine, near Valdez, was operated for a part of the
summer. It is developed by drifts and crosscuts and equipped with
a small prospecting mill, and an aerial tram is to be built. The Gold
King, also in the Valdez district, developed by adits and shafts and
equipped-with a prospecting mil] was further developed during the
sutimer. No report was recewed from the Ramsay & Rutherford

‘mine, in the same district. It appears, however, that some gold was

produced in this mine in the early part of 1922, though this may have
resulted from work done in the preceding year. . The Culross mine,
in the western part of Prince William Sound, was reopened about mid-
summer of 1922. An air compressor and drills were installed, and the
old 400-foot adit was enlarged and regraded, and the face adva.nced
160 feet. Plans for a new mill were made, with the expectation of
operations in 1923. Only assessment work is reported on the other
gold lodes of Prince William Sound.

KENAI PENINSULA.

Only five placer mines were reported to have been operated on
Kenai Peninsula and in the a.d,]acent region during 1922, but there is
some evidence that about 12 mines made more or.less gold output.
The apparent failure of more than half the mine operators to furnish
reports makes it impossible to give anything but estimates of output,
but it is believed that about $40,000 worth of gold was produced.

The largest placer mine in this region is on Crow Creek, where a
hydraulic plant was operated from June 5 to October 4, employing 16
men. This is the only large operation in the region, but some others
are being prepared. The largest number of producers was on Resur-
rection Creek, but productive mining was also done on Mills, Lynx,
Canyon, and Bear creeks.

The Lucky Strike gold quartz mine and mill were operated from
the end of May to October. Undarground developments consist of a

8 JIohnson, B. L., Copper deposits of tho 'L.ntauchn and KnJ.zht Island districts, Prince William Sound:
U. 8. Geol. Sl.lr\foBull 6632, p. 214, 1918,
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300-foot adit, of which 165 feet was driven in 1922, A 5-stamp mill
was installed on Kenai Star late in the summer and is believed to have
been 'operated for a part of the season. Work was continued at the
Jewel mine, north of Turnagain Arm, and some ore was crushed in the
10-stamp mill. Work was also continued at the Strong gold quartz
property, in the same general region. Some underground develop-
ment work was done during the year at the Grant Lake mine, but
there was no production. So far as known, the only other mining on
the peninsula was the operation during the summer of the McNally &
Maitland lignitie coal mine, on Kachemak Bay (p. 20).

SUSITNA-MATANUSKA REGION.

Productive mining in the Susitna-Matanuska region included gold-
lode mining in the Willow Creek district, gold-placer mining in the
Yentna district and at a few scattered localities, bituminous-coal
mining in the Matanuska field, and a little lignite mining at & number
of scattered localities in the Susitna basin. (See p. 20.) The value

of the total mineral production from this region was $677,025 in 1021

and $803,685 in 1922.
WILLOW CREEK DISTRICT.”

Productive gold mining was done on seven lode mines in the Willow
Creek district. The largest output came from the Gold Bullion and
Lucky Shot mines, controlled by the Willow Creek Mining Co. The
Lucky Shot mine and mill were operated throughout the year.
About 450 feet of drifts and 225 feet of adits have been driven. The

mine is equipped with an 8-stamp mill. A 930-foot adit has been
started which crosscuts the ore body 450 feet below the highest level,
and a 50-ton cyanide plant is to be installed.

The same company is developing the adjacent War Baby mine,
where a crosscut tunnel has been driven and some dn:l’tmg done along.

the vein. An aerial tram has been built.

In 1922, as for many years, the Gold Bullion mine and mill, using
water power, were operated during the open season. The mine is
developed by 500 feet of adits and equipped with a 12-stamp mill, a
classifying and amalgamation plant, and a 50-ton cyaniding plant.

The Kelly Mines Co. controls a group of auriferous properties lying
in the basins of Fishhook and Willow creeks. These properties
include the Brooklyn, Independant, Free Gold, and others. Among
them are some gold mines that have been productively worked in
the past in a small way. In 1922 the company undertook a much
deeper testing of the veins, which had been developed only to a shal-
low depth. After a careful survey it was decided to drive a crosscut
tunnel beneath the veins developed on the Willow-Fishhook divide.
This long crosscut is now under way.

9 In part based on information from Philip 8. Smith.
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A long crosscut was being driven at the Rae-Wallace property .

during the summer of 1922. The small mill was operated only inter-
mittently.

. Work was continued at the Gold Mint (Hatcher) mine, and the
mill was run 22 days. Here a 20-foot shaft, a 300-foot adit, a 58-
foot crosscut, and a 58-foot raise have been completed.

The Fern mine, on Archangel Creek, was operated throughout the
year. A 520-foot drift that had been driven prior to 1922 was
repaired during the year and extended 178 feet. A Dease mill, having
a capacity of .30 tons, was installed November 15 and operated the
rest of the year.

At the Consolidated (Talkeetna) property, on Fmrangel Creek,
development work was continued. During the year the ill on this
properly was used only for testing the ore derived from the develop-
ment work.

Some developments were continued at the Mabel mine, and the
mill was used in test runs on the ore recovered incidentally to this

“:ﬁsv%l'o'pmmit work was continued during the year at the Opal
(Skarstad), Home Builder (Richter), Webfoot (Conroy), Home-
steader-Martha, and many other properties from which there was no
production, and assessment work was done on many claims. The
success of several mines in the district and the projects for syat.ems,tm
work under way give great hopes for the future.

:Gold and silver produced at lode mines in the Willow Creek district, 1908~1922.

Year. . Mines | mined
¥ opersted.| (short
tons). Ounces. Value. | Ounces. | Value.
Al 1 2

1 12 £7.08 $1,800 | - 6.88 $3.64
1 140 | 101587 ) 21,000 80,25 4173
1 184 | 1;320.15 21,200 | 10429 56.31
2 812 | 2,505.82| 51,800 | 197,95 -ﬁ“
8 3,008 | 4,673.02 | - 99,800 -_§w_ o
Hoatielama| WRLRS R

N s 7 T35.
3| 617 | 1L,96L55| 247,267 | ‘miLo0| 42100
3| 12,182 | 14,473.46 299,193 | 1,468.00 967. 00
5 7,885 | 9,466.17 195,662 | 71300 588. 00
5| 13,043 | 13,043.05 209,624 | 72400 724. 00
5 6,730 | 7,882.00 182,044 | 508.00 500.00
3 2,850 | 8,067.00 63, 400 tlﬁw 158.00
7 3,591 | 5,721.50 118,278 | 1,029.00 | 1,029.00
7 ,242 | 11,518.25 238,000 | 1,500.00 | 1,500,00

76,886 | 105,090.14 | 2,184,007 | 9,375.27 | 7,300.98

YENTNA DISTRICT.

Mmmg was very successful in the Yentna district in 1922. Most of
the gold produced came from the dredge on Cache Creek, which was
operated on a larger scale than ever before, and fmm hydraulic

76813°—24——38
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plants; some was obtained from pick and shovel mines. Altogether
there were produetive placers in the district employing about 96 men.
This district contains no deep placers suitable for winter exploitation.
In all, 471,986 cubic yards of gravel was mined and sluiced during the
year, with an average gold recovery of 44 cents to the cubic yard. In
1921 a total of $120,000 worth of gold was mined and in 1922 $223,000
worth. No platinum was reported by any of the placer miners of
the district. S '

The occurrence of gold-bearing quartz veins in the Yentna district
has long been known, but so far no auriferous lodes of commercial
value have been developed. Mertie described some apparently
detrital deposits of auriferous quartz on Thunder Creek. Miners
report that what may be an extension of the same zone of metalliza-
tion has been traced through Dollar, Falls, and Thunder creeks.

OTHER DIBTRICTS.

Some placer gold has been found on Metal Creek, a tributary of
Knik River, southeast of the town of Anchorage. The development
of a group of claims was under way during 1922, and a little gold was
recovered incidentally. There was in the aggregate much prospecting
of gold and 00%1:-:: lode claims in the region tributary to the railroad
above Willow Creek. This region includes what are generally called
the Talkeetna or Iron Creek, the Chulitna, and the Broad Pass dis-
tricts. There has also been a little placer mining in this region,
though no reports from miners have been received. A little lignitio
coal was mined in this region for local use. -

Only one placer mine in the Valdez Creek district reported in 1922,
though it is believed that three or four were operated. One large
hydraulic plant on Valdez Creek is known to have been:opersted,
but the company made no report. W g 4

“The Nelchina district is tributary to the Alaska Railroad but lies
on Copper River and-is deseribed on page 28. i

BOUTHWESTERN ALASKA.

. The outstanding event of the year in southwestern Alaska was the
continued activity in staking oil claims and preparations for drilling,
as already noted (pp.20-21). The importance of the outcome of this
drilling can scarcely be overestimated, for the bringing in of a pro-
ductive oil field would immediately insure a thorough investigation
of all possible oil-bearing territory and would stimulate drilling in
many places. In the Lake Iliamna region placer mining was prac-
tically discontinued and lode prospecting was prosecuted on only a
small scale. There was no production reported. Underground

1 Mertie, J. B., jr., Platinum-bearing gold placers of the Eahiltna Valley: U. B. Geol, Burvey. Bull, 692,
pp. 950-251, 1918,
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development work was continued on the Duryea copper-claim and
some work on trails was done in order to make it possible to ship out
some ore.

A few men were engaged in beach placer mining at the south end
of Kodiak Island and on the adjacent Trinity Islands, but conditions
were unfavorable for beach mining in this vicinity in 1922 and the
productlon was small. A little prospecting was done on quartz
veins on Kodiak Island.

At the Apollo mine, on Unga Island, some experimental work was
done, and a small quantity of ore was mined and concentrated; the
concentrates were shipped to the smelter, and a small amount of gold
and copper was recovered.

No sulphur was produced at the plant on Akun Island during the

yoar- YURON BASIN.

GENERAL FEATURES.

The value of the total mineral output of the Alaska Yukon region
in 1922 was $2,303,755, as compared with $2,093,088 in 1921. This
brings the total value of the mineral products of the Alaska Yukon

during 37 years of mining to $137,580,508.
Mineral production of the Fukon basin, Alaska, in 1922,

Quantity.| Value. |Quantity] Value. |Quantity.| Value.

Gold.......ceun..n fine ounces..| 102,507 | $2,110,000 [ 2,874 | 80,415 | 105381 [ $2,178,415
silver.. L do....| 13,751 18,751 | 9,070 o0 | 22821 821
C0BL. . - vesnnnncenssrsnnnn E7r 0 I ISR aresoenselessanasssnrd 23,636 " 202
Lead, copper,and fn.......cc.|eeveiinnnirniiiininnnaosennina, e v e e s 5,221

N 2,182,751 |ovvvunnnnn TR 2,33, 755

Placer mines. Lode mines, Total.

Quantity. Value. Quantity.| Value. |Quoantity. Value.

- gl o oo | 100,150 | M- a008 | 2ia 86 | T30 | REa it | o000
m., ........ un,mm ............................................... 81,071 416,845
tungsten, and platinom......[..ccocooiifoniiiinininnn. e SV, T 544, 783

........... 135,013,088 |..........[ 1,605,877 |...........| 137,580,508

In the summer of 1922 about 321 placer mines, employing 1,254
men, were opemt.ed in the Alaska Yukon, and during the preceding
winter about 99 mines, e.mploymg 321 men. The only other pro-
ductive mining in this region in 1922 was done at 8 lode mines,
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employing about 50 men, and 2 coal mines, employing about 38 men.
None of these mines were operated throughout the year. ' ;

Estimated value of gold produced from principal placers of Yukon basin in 1922.

Fairbanks. ........cccuvaenn.. $698,000 | Chandalar. ... ... ......... $83, 000
Iditarod.......ccccacneannnne. 280,000 | Hot Springs.....c.ceveveunis- 55, 000
Innoko and Tolstoi 224,000 | Fortymile......ccacenaaan.aa 50, 000
TOAOVERR. ..ociviissnwsnsennss 221,000 | All others...... S CuTEyeEe 137,000
KOYUKUK. .. eenemnacnenns 132, 000 —
1 128, 000 2,119, 000
Circle. - .ovvnerennnas e 121, 000

FATRBANKS DISTRICT.

In the Fairbanks district placer and lode mining was continued on
a somewhat larger scale than in 1921, The value of the total mineral
output of the district during 20 years of mining is $74,015,674.
Some antimony, tungsten, and lead have been produced in this
district, but, as shown in the following table, the mineral output has
come briefly from the placer mines.

Placer gold and silver produced in the Fairbanks district, 1903-1922.

Gold. Silver.
Year. =
Fine ne

ounces. Value ounces Value.
1,985, 00 840, 000 . M8 3138
29, 025. 00 600, 000 5,226 2,831
Dosteor| Gomo| T s -
387,000.00 | 8,000,000 0,880 27,818
445,050.00 | 9,200,000 9, 900 43,151
466,818.75 | 9,850,000 84,027 375
296, 087.50 | 6,100,000 53,118 o3
217,887.50 | 4,500,000 52, 245 490
200,766.25 | 4,150,000 48,1 29632
150,637.50 | 3,300, 000 2, 274 12,2456
120,937.50 | 2, 500, 000 2,004 16, 060
ugssTs | 2 450, 000 28) 444 14) 421
U800 | 1,300,000 11, 068 7,318
63,371.25 | 1,310, 8,379 6, 004
28, 700. 00 800, 000 5, 708 5, 708
35,313.75 730, 000 5,197 5,820
28) 087, 50 580, 000 3, 870 4,218
i 27, 573. 75 570, 000 8,041 3 M1
83, 523. 87 603, 000 4,788 4783
o R W 8,481,693.87 | 71,973,000 044, 002 367,053

The placer output of 1922 came from 62 placer mines, employing
392 men, in the summer and 27 mines, employing 108 men, during
the preceding winter. In 1921 work was done at 48 summer mines,
employing 340 men, and 14 winter mines, employing 107 men. A
total of 516,422 cubic yards of gravel was sluiced in 1922, having an
average gold content of about $1.34 to the cubic yard. The plscer
mines comprised 45 drift mines, of which 25 were operated in the
winter as well as in summer and 10 only in winter, 2 dredges, 10

th
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open-cut mines using steam scrapers, 5 hyd-ra.ulic mines, and 11 small
open-eut mines without any special mechanical equipment. The
drift mines sluiced about 56,000 cubic yards of gravel carrying $4.55

‘worth of gold to the cubic yard. Some 460,000 cubic yards of

gravel was sluiced from the open-cut mines and dredges. The gold
recovery from this gravel was about 95 cents to the cubic yard.
The sluicing season averaged about 126 days.

- The largest single drift-mining operation was on Little Eldorado
Creek, and the two dredges on Fairbanks Creek were the largest
open~cut plants. On Cleary Creek, formerly the largest producer of
Placer gold in the district, only eight mines, most of them small,
were in operation in 1922. A dredging company, however, has
obtained options on a large number of claims on Cleary Creek and
in Chatanika Valley near the mouth of Cleary Creek and during
1922 employed three Keystone drills, working two shifts, for about
six months in prospecting the ground preliminary. to dredging.
In the Goldstream Creek basin 23 placer mines, large and small,
were operated in 1922. One operator in the district reports that the
cost of provisions has dropped 30 per cent since 1918, and the opening
of the Alaska Railroad should still further reduce working costs.
This will stimulate mining on many properties that have been oper-
ating on a narrow margin of profit.

Approzimate distribution of placer gold produced in Fairbanks district, 1903-1922, by
SOUTCES,

. Cleary Creek and tributaries.. ... .. ... .ol iiiiiaiae. $23, 198, 000
‘Goldstream Creek and tributaries.._.......................... 15, 085, 000
Ester and adjacent creeks. .. .......ociieiiiiiiiii i 11, 443, 000
Dome and Fairbanks creeks. ... ... .o 16, 486, 000
Vault Creek and tributaries. .........o.coiieiiiiiiiieiiaannn 2,701, 000

.1 - Little Eldorado Creek..........ooooimiionieiiiii i 2, 360, 000

KT othol reakic 5 oo c v s s s RS R AR AR 700, 000
71,973, 000
The production of the lode mines in the Fairbanks district in 1922

showed a gratifying increase over that in 1921, being in fact larger -

than in any other year since 1915. Active mining was conducted
on five properties, and prospecting and development work on a num-
ber of others. At the Mohawk mine, on Ester Creek, a tunnel 150
feet long was driven from the creek level to tap the ore body at
depth. The ore mined was milled at the custom mill on Eva Creek.
At the Hi Yu mine work was continued and the ore treated at the
5-stamp mill on the property. The Smith Bros., at their mine on

the St. Patrick’s Creek divide, are reported to have struck the ledge.

toward which they had been sinking at the 200-foot level. The ore
is said to have yielded satisfactory returns, and a pump was to be
installed in the spring of 1923 to handle the water in the main shaft.
No tungsten was mined in the Fairbanks district in 1922.
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Lode gold and silver produced in the Fairbanks district, 1910-1982.

Gold. Bilver.
Year ishojrt "

" | oumees | Value | oumees, | Value
148 gL |  s17,8% 108 857
875 ( 8,10%.02 64,145 582 308
4,708 | 941654 | 304,867 1,578 m
12,237 | 16,004,908 | 349,457 4124 2,401
8,526 | 10,004.75 | 225,421 2,200 1,22
5,845 | 10,884.01 | 217,778 1,768 010
LUl | 1,904 81 39, 378 140 (]
1,200 | 2311.38 47,781 2,217 1,88
1,035 | 1,204.04 20,750 618 658
1,884 | 2)028.67 41, 808 378 4
504 967. 48 20,000 184 178
844 | 1,858.27 38, 414 27 bad
1,724 | 261225 54,000 400 490
88,241 | 64,680.19 | 1,337,069 14,679 9,564

HOT BPRINGS DISTRICT.

Placer mining has been on the decline in the Hot Springs district
for seyeral years, the annual production having shrunk from $800,000
in 1916 to $35,000 in 1921. In 1922 production increased some-
what, and this may be the beginning of more prosperous times in the
district, for freight costs have been reduced since the building of the
Alaska Railroad, and it should now be possible to exploit many prop-
erties at a profit that have not been rich enough to be workable under
the existing heavy overhead charges. In all, 25 mines were operated in
1922, of which 18 produced more than $1,000 worth of gold each.
About 60 men were employed in summer and about 10 in winter
mining. Oonsldembly more gold was produced by open-cut mining
than by drift mining, and with the increase of hydraulic operations

the proportion of gold recovered in this way is likely to show a still

further increase.
Placer gold and silver produced in the Hot Springs district, 1902-1922.

Gold. Silver. Gold. Silver.
Year, Year.

Valoe. Valua. SRORE; Valoe. | fmices, Valne,
1002-8.....] 12,77.79 | $202,000 | 1,818 | $964 || 1914....... 86,281.25 | $750,000 | 6,125 887
104..55... 7,088 68 145,500 | 1,007 584 |l 1916....... 29, 508. 75 810,000 | 4,082 nﬁ:ﬁﬁ
1908. .o 5, B06. 00 120, 000 831 507 || 1918....... 38, 700. 00 800, 6, 534 4, 50
8,707, 50 |. isg,lm 1,245 | 843 21,768, 75 | 450,000 | 3,675 | 3,028
8,465.63 [ 175,000 [ 1,210 708 || 1918 266,25 | 150,000 | 1,225 ( 1,225
258.25 150,000 | 1,088 550 4, 837, 50 100, 000 817 016
72188 | 825,000 | 2,248 | 1,180 241875 | 50,000 567 618
721.88 | 325,000 248 | 1,100 1,668, 12 85, 000 438 438
§74.37 785, 000 430 | 3,082 2,600, 62 55, 000 31 631

350.00 | 400,000 | 8,267 [ 2,000
350,00 | 400,000 | 8,267 | 1,078 803,283, 85 | 6,208,400 | 48,003 | 30,665

i
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TOLOVANA DISTRICT.

In. the Tolovana district about 25 mines in all were operated
- in 1922, amploymg approximately 132 men in open-cut mining and 60
in drift mining. The gold production, as shown in the subjoined
table, was somewhat less than in 1921. An unusually heavy rainfall
during the summer of 1922 favored placer mining, yet because of the
gradual depletion of the ground fewer mines were operated and the
production consequently decreased. Livengood Creek, as usual,
produeed a large part of the total production for the district; Amy and
Olive creeks followed in the order named. The discovery on Wilbur
Creek, made in 1921, proved to be somewhat disappointing, as the
gold content was low and the pay streak narrow. This creek will be
mined by open-cut methods in 1923. Prospecting in this district has
been continued and some ground found that will be mined in 1923.

Placer gold and silver produced in the Tolovana district, 1915-1922.

Gald. Bilver. Guld, Silver.

' Xoar. Fin Year. o

i Fine ) 8 ; Fine

“| oumees. | VAUS- | gupces | Value. ounces. | VHUE | gunees| Valoe.

1T I 3,870.00 | $80,000| 21| 163 1e20.......| 9,675.00| s200,000( 19| sses

....... 2386250 | 700,000 | 2,813 | 1,851 || 1921.......| 13,796.88 | 285,000 | 1,19 | 1,189
1017....... 55,631.25 | 1,150,000 | 8,430 | 6,946 | 1022 ...... 10, 600, 88 221,000 913 913

...... ;g,sas.n 76,000 | 4,060 | 4,060
FTTT '200.88 | 525,000 | 2,141 | 2)45¢ 195,241.51 | 4,088,000 | 20,686 | 18,460

RAMPART DISTRICT.

The production of gold from the Rampart district in 1922 was
slightly less than in 1921. About 14 properties were operated, em-
ploying about 25 men in summer and 4 in winter. As usual, the
largest production came from Little Minook Creek. The chief event
of interest in this district in 1922 was the preparation by the Rampart
Guld Mining Co. to install a dredge on Minook Creek. The dredge
was in transit during the summer and was expected to arrive before
the freeze-up. It was planned to erect the dredge and have it ready
for operation in the summer of 1923.

Placer gold and silver produced in the Rampart district, 1896-1922.

Gald. Silver. Gold. Silver.

o Fine Fin Lo Fine Fin

e 8
Value. Ounoes. Value. a A Value, xinoes Value,
1896-1908.../029,709.00 | 516,000 | 4,440 | $2,664 || 1904........] 1,451.25 00| 257] $142
94','3&-15 og',um "m g’m 1915........] 1,693.13 %ﬁm 300 152
ag000| s0000| 76| 35| 1ol 1,035, 40,000 [ 343 2%
| se600| 120,000 65| 688 1e17....000C 184474 | 34000 | 283 233
046.87 | 125000| 901 505 1918.....000 '200.37 | 25000 215 215
gewsi12| 7so00| 50| 288 | wn0 Il 1,506.37 | 33000 115 129
s37.50| 100,000| 721| 376 1020..... 1,015.88 | 21,000 80 87
080,12 43,000 310 167 ([ 1921.-.0000| 1los4 25| 22000 95 25
1, 548 00 &m 21 125 || 1@22...0.0.0 'st0.75| 18000 62 62

1, 548 00 000 74 169

14800 | 33000] 274| 165 177, 545,10 | 1,008,000 | 11,531 | 7,202

@ Includes small production from Gold Hill district.
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CIRCLE DISTRICT.

During 1922 mining was continued in the Cirele district on a some-
what Jarger. scale' than in the preceding two years. The largest
oubpdt of any single plant was made by the dredge on Mastodon
Creek. Fifteen summer mines, employing 42 men, and 8 winter
mines, employing 16 men, were operated, handling over 260,000
yards of ground, with an-average gold content of 46 cents to the
yard. This low average gold content for all mines is of course due
to the low grade of the ground worked by the dredge. Two promis-
ing new discoveries of placer ground in this district are reported, one
by Lee and McGregor on Dome Creek and another in the Crazy
Mountains. 3 :

" Placer gold and silver produced in the Circle district, 1894-1922.

Gold. Bliver. Gold. Biiver.
Year, : 'Year.
ounces. | VMU®: | oupoes,| VeIue - ounces, | VAWM. |gunoes | Value.
s3.75 sw0,000( 12|  s77 10,884.57 | $225,000 | 2,830 | 1,428
7,256.26 | 160,000 [ 1,838 | 1,226 1693125 | 850,000 | 4.402| 2,883
3386250 | 700,000 8794  &080. 1572087 | 325,000 | 3,439 | 1,500
4, 187, 50 600,000 | 6,289 | 3,773 8, 465,63 175,000 | 1,314 ™
18, 350, 00 400, 000 g,(m 2,008 10, 884, 37 225,000 | 1,080 934
1200076 | 250,000 | 3,144 | 1,886 11,126.25 | 200,000 | 1,727.| 275
12,089.75 | 250,000 | 1,886 | 3,144 145250 | 300,000 2252| 1,4%
0,675.00 | 200,000 ( 2512 1,507 9,676.00 | 200,000 | 1,661 | 1,386
| eersoo| 200000| Fm2| U331 8,465.63 | 175,000 1,708 | 1,798
967500 | 200,000 | 3,144 | 1,608 6,530.63 | 135000 | 1,260 | 1,411
1 oemoo| 200000| 2144| 1823 266062 | 85,000 | 464 506
9,675.00 200, 000 a"#; 1,918 2,902, 50 80, 000 571 671
14512.60| 300,000| 3778 | 2565 | Bssa37| 1ar000| 1,087 | 1,087
o76.00 | 20,000 3144 | 3078
8, 86, 115,000 | Z2:12| 1168 325,85% 99 | 6,736,000 | 78,170 | 49,506
10,884.37 | 225,000 | 2,830 | 1,472

_ RICHARDSON DISTRICT. _

Prospecting was continued in 1922 in the Richardson district, and
a small amount of gold was produced, though no mines were regos
larly operated. Many streams in this district_yield coarse.gold to
the prospector’s pan, and persistent and intelligent search may at
any time prove the presence of workable ground. Indications were
found in 1922 on Savage Gulch and Mineral Creek that were suffi-
ciently favorable to warrant further investigation.

Placer gold and silver produced in the Richardson district, 1905-1922.

E Fine Fine
Value, ounote. Value, oomoes, Value.

a o’ a [a] “m

-| 4,887.50 néo?oou (szu (u)'ra 0| B0

~ 1814062 | 375,000 | 3,707 | 2,447 245 202

..|18,140.62 | 875,000 | 3,707 | 1,905 59 59

il e iE| W a8

| 4ss7.50| 100,000 088 o 28 28

..| 4,887.50 | 100,000 | 989 608 21 21
-.| 4,837.50 | 100,000 089 507

.| 4,837.50 100, 000 089 547 17,079 | 10,156

i}
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EAGLE AND SEVENTYMILE DISTRICTS.

In the Eagle district 14 summer mines were operstedm 1922,
mploymg 28 men and yielding a somewhat larger output-of gald
than in the preceding three years. As usual, the largest producing
mines were the hydraulic mines on Crooked a.nd Alder creeks. The
upper basin of Seventymile River experienced an unusually dry
season, which affected the gold production unfavorably.

Placer gold and silver produced in the Eagle and Seventymile districts, 1908-1952.

Gold. Bilver. Gold. Bilver,
Year. Year.
. Fine Fioe Fine Fine
ouBoss. Value. | inces, | Value. ounces. Value. | o ies | Value.
. 483,75 | $10,000 76| 340 $13,000 ) $75
1,200.87 | 25,000 191 [ 25,000 191 191
488,76 | 10,000 7% 4l 20, 000 153 170
580,50 | 12,000 92 49 15, 000 [ 108
067, 50 20, 000 184 100 16, 000 93 9%
9,418.75 | 50,000 383 21 24,000 | 150 159
2,418,756 | 50,000 382 n
1,085,00 | 40,000 | 305 155 347,000 | 2,688 | 1,808
822.37 17,000 130 86

FORTYMILE DISTRICT.

During 1922 mining was continued in the Fortymile district on
about the same scale as in the past, 24 summer mines, employing 52
maen, and 18 winter mines, employing 33 men, being operated. Most
of these mines are small, as the average number of miners employed
wag about 2 to the mine. About 35,927 cubic yards of gravel was
handled, carrying an average gold content of $1.39 to the yard. The
greater part of the production was made by & few outfits, most of
whwh -amployed orapers. An attempt at hydraulic mining on Wade

 abanidoned on account of lack of water, and serapers were

rmertad to. - As usual, a small amount of gold was recovered by

individuals working the bars of Fortymile River.
Placer gold and silver produced in the Fortymile district, 1886-1922.

Gold, Silver Gold. Silver
Year, Year,
2 1 Wine Fine Fine alue. | Fine
ounces, | VAUS. | ypoes | Velue. ounces. | V' ounoes,| Value.
1886-1903. .| 198, 500. 00 |$4,000,000 | 80,5563 ($22,015 || 1014....... 2,418.75 000 382 8211
14,851.12 | 307,000 | 2,345 | 1, 1915....00 2.418.75 ‘%m 382 194
12,384.00 | 256,000 | 1,065 | 1,108 || 1916. .07 0 2,418.75 | 50,000 | 383 251
J - 9,868.50 204,000 | 1,568 y . S , 870. 00 80,000 624 513
T73.50 | 140,000 | 1,000 b 1918._..... 3,628.12 75,000 573 573
T72.50 | 140,000 | 1080 | 507 |[ 101900 1,983.37 | 4L000| 313) 350
10,884.37 | 235,000 [ 1,719 1920.0.. 00 1,085.00 ( 40,000 | 348 380
9,675.00 | 200,000 | 1,528 | €25 || 1921... 2,418.75 | 50,000 | 448 448
0,675.00 | 200,000 | 1,528 | 810 [| 1922 0 2,418.75 | 50,000 | 423 43
10,308.87 | 213,000 | 1,627 | 1,000
£7.50 | 100,000 | 764 318,084. 60 | 6,471,000 | 49,500 | 35,133
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CHISANA DISTRICT.

In 1922 mining was carried on in the Chisana district about’as
ususlj though operations were somewhat curtailed as the resalt of

an unusunlly dry summer. Nine mines, employing 25 men, were .

operated in the summer and moved 10,600 cubic yards of ground
that yielded an average of $2.73 to the cubic yard. Practacn]ly all
mining in this ‘camp is now done by the use of automatic dams, with
the aid of which the overburden is washed away, the bedrock being
cleaned by pick and shovel methods.

Placer gold and silver produced in the Chisana district, 1913-1922.

Gold. Bllver. Gold. Silver,
Year. Pin Year.

Fine 8 Fine Fine

ounces. | VUS| oynees| Value. ounces. | Y™UE | onnoes| Value
1913... 1,085.00 | $40,000 | 465| 280 1000....... 1,506.12 | $27,000| 4| s3m2
1914, .. 12,093.75 250,000 | 2,910 ,000 |1 1990, ..... 967. 50 20,000 137 150
015....... 7,740.00 160,000 | 1,862 044 || 1921....... 1,112.62 23,000 164 184
1916... 1,935.00 40, 000 465 306 || 1932.......| 1,400.87 29,000 200 .0
1017.. 1,935, 00 40, 000 420 348
T 725.63 | 15000 160 £ n.m.o‘ susoo‘ 7,007 | 4,511

BONNIFIELD DISTRICT.

The Bonnifield placer district extends from Nenana River eastward
to and including the Wood River basin and is in general coextensive
with the Nenana coal field. Placer mining has been carried on in this
district- for 20 years, and the production, though small, has been
steady. In 1922 two hydraulic plamts were installed, one on Totat-
lanika River near the mouth of Iron Creek and the other on Platte
Creek. The district contains extensive gravel deposits that carry
gold, and careful prospecting may reveal localities where:it will pay
to mine these deposits on a large scale. The coal-mining operations
in the region have been described on page 20. Further development
work was done on a gold-bismuth quartz prospect * on Eva Creek, a
headward tributary of Moose Creek about 10 miles east of the railroad.
No ore was shipped, but assay returns are reported to show a large
body of ore carrying a promising content of gold. In 1922 seven
placer mines, employing 24 men, were operated and handled 3,500
cubic yards of gravel carrying $2.86 in gold to the cubic yard.

1 Overbeck, R. M., Lode deposits near the Nenana coal fleld: U. B.MﬂurwyBull m,pp.m-
mm&' s '
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% Plaéer gold and silver produced in the Bonnifield district, 1905-1922.

€ 3 Gold. . Silver. Gald. ~ Biver,
T Fin Fine s Fine | s
0]

: d Value. | oo | Value. aunnes. Value. | 5 5ees | Value.
1003-1006. 1,451.25 , 000 27 $136 || 1916....... 433.75 $10,000 76 50
1907....... 241. 5,000 38 25 (| 1917....... 580.50 12,000 o8 81
1008..... 241, 5,000 38 20 || 1918....... 580, 12,000 24 91
1900... 2,418.76 50,000 B rf) 197 || 1919....... 483.75 10, 000 75 84
1010....... 483.76 10,000 76 41 || 1920....... 241.87 5,000 38 41
19110 eeace 0a7. 20, 000 152 8L (| 19:....... 4. 16,000 114 114
1913....... 957, 50 20, 000 152 03 (| 1922....... 483. 75 10, 000 73
1 967.50 20,000 152 92
1914, 1,461.25 30, 000 227 126 13,786.86 | 285,000 | 2,158 | 1,422

967. 50 20, 000 152 77 :

KANTISHNA DISTRIOT.
_ The following notes on mining in the Kantishna district in 1922

. are based on observations by Philip S. Smith, of the Geological Sur-

vey, who visited the district in July, 1922.

Gold placers.—Gold placer mining was continued in a small way,
mnmly by pick and shovel methods, on the streams that have been
worked for many years. The prmmpal operations of this type were
on Eureka Creek, where four men were employed; in the Glen Creek
basin, where five men were mining; in the Spruce Creek basin, where
four men did a little mining; and on Glacier Creek, where there
were a few small operations. Little was accomplished on Little
Moose Creek in 1922. The outstanding developments in the district
were the initial mining operations of two large hydraulic plants,
otie on Moose Creek and one on Caribou Creek.

The Kantishna Hydraulic Mining Co. was mining gravels in the

valley of Moose Creek near the mouth of Eldorado Creek. This

owns claims extending for about 3 miles downstream

qompﬂny
‘below Eldorado Creek. Water for mining is brought by a ditch from

the stream draining from Wonder Lake, but in 1922 considerable
difficulty was experienced in keepmg the th-ch in repair, and breaks,
with consequent interruption to mining, were frequent. Suﬂicmnt
water was available to operate two giants most of the season, and
three were operated part of the time. The ground mined is rela- .
tively shallow and full of large boulders, and the gold occurs on a
false bedrock of sticky blue clay. Many of the boulders are too
large to be rolled aside and must be broken by explosives before they
can be moved. This delays operations and adds considerably to the
cost of mining. The gold is somewhat rusty red, moderately angular,
and not very coarse. The largest pieces do not exceed a few dollars
in value, and pieces worth 5 cents are larger than the average. A
large amount of gravel was sluiced at this plant during the season,
but the recovery is said to have been less than prospecting had
indicated.
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The Mount McKinley Gold Placers (Inc.), after several years of
preparatory work, began mining in 1922 on a large holding of placer
ground on Caribou Creek, some 40 men being employed. Water
was obtained from Caribou Creek for hydraulic operations, but con-
struction was under way on a higher ditch, to take water from the
same stream near the mouth of Last Cha.nae Creek. In 1922 there
was an unusually heavy rainfall, as a consequence of which mining
was at times hampered by the Iugh water and dams were washed
out. Supplies were brought to this property from the head of launch
navigation on Bearpaw River, at Diamond, by caterpillar tractor,
but the bad trail made its operation slow and expensive. It is re-
ported that this trail is now being improved. * At the workings the
gold was recovered from & false bedrock of yellowish muddy clay,
though true bedrock is found at other places on Caribou Creek. The
, gravel mined contained many large boulders that greatly increased
the cost of mining. The gold, which is rough and rather fine, occurs
in association with black sand and considerable garnet. It is said
that the large cut mined in 1922 gave a disappointingly low yield
of gold.

Placer gold and silver produced in the Kantishna duhcl 1903~1922,

- Year. Year.

ounces. | YOIUS: |oinces| Value. ounces. | VOO |oinges,| Value.
1903-1006..| 8,405.62 | $175,000 | 1,325 | s7es || 1916 ... L4sL25 | ss0,000( 227| s
1007........ 725.62( 15000 114 75§ 1m7. 0 72563 15000| 120| 09
1908.0.. " 725.62| 15000 114| 60 [f 198,00 1,451.26 | 30,000 227 2m
190,000 20.87| 's000| 38| 320 1emellllll 165,000 [ 114 128
910,00 475 10000 76| 41 {[1920000000 1,200.37 | 25000| 320 849
T i 1,451 251 a0,000| 227| 1301 12,000| 158 -- 18
913,000 1,451.35 ] 30,000 227| 140 [ 1922 1,548.00 | 32,000] 403 408
wis. L] 00| 8| B S50 500,000| 49| B8P
mso| k| Xew| Bl ¥ BB RN A T PAP

Gold and silver lode mining.—No productive lode mining was done
in the Kantishna district in 1922, TUnderground and surface pros-

pecting was continued on the Quigley claims, on lower Friday Creek,
and some very promising ore was disclosed. No noteworthy work
was done on the claims at the head of Friday Creek or on the divide
between Friday and Eureka creeks. Several new lodes, the impor-
tance of which has not been determined, are reported on Glen and
Eldorado creeks.

In the vicinity of Copper Mountain, near Muldrow Glacier, a large
number of claims were staked in 1921 and 1922, but development work
has so far been confined to a few shallow pits and open cuts. “Con-
siderable difficulty was encountered in starting underground prospect-
ing tunnels on these claims, for in those places where the most promis-
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ing mineralized rock was found the rock was badly broken, and as
800 as an excavation was made the loose material on the hillside
would begin to slide. This naturally interfered with the prospecting
of the richer areas. The mineralization in the Copper Mountain dis~
trict was extensive, and the geology is very complex. The ore occurs
mainly as stringers in limestone near the contact of acidiec or basic
intrusive rocks, in quartzite beds, or in the igneous recks themselves.
There seem to have been two distinet types of mineralization—a cop-
per mineralization that apparently was related to the basic intrusive
rocks and a lead-zinc mineralization that was related to the granitic
rocks, There are numerous faults and slips, both older and younger
than the mineralization. The older ones were followed, to some ex-
tent, by the mineralizing solutions and the younger ones cut off and
dlsplwed the ore bodies. Further prospecting will be necessary to
determine the size and value of these ore deposits.

RUBY DISTRICT.

There was & considerable falling off in the gold produetlon of the
Ruby district in 1922, although more mines were in operation and more
miners were employed thanin 1921, The decline was due in part to the
exhaustion of some of the richer ground, the average gold recovery in
1922 being $3.50 to the cubic yard, as compared with $4.50 per yard
in 1921. In 1922 there were operated 24 summer mines, employing
67 men, and 13 winter mines, employing 39 men The largest pro-

_duction was reported from Poorman, Solomon, Flat, Spruce, and

Trail vreeks. The Perseverance -lead-silver lode mine produced 50
tons of very high grade ore.

Placer gold and silver produced in the Ruby district, 1907-1922.

Gold. - Bilver. : . Gold. - J Bilver
Year, Year. W T
Fine Fine Fine Tite ¥
ounces, | VAne ounces. Valoe. ounces, | YOS | imoes| Value

M—B ~ 48.38 $1,000 7 $4 || 1018....... 19,350.00 | $400,000 | 3,000 | $3,000
1m0 £, 455, 68 175,000 | 1,157 712 {f 1919... 7,081.88 165,000 | 1,256 1, 405
1913, 37,974.37 785,000 | 5,188 | 3,134 || 1920... 8,223.75 170,000 | 1,113 1,213
Wil 48,375.00 | 1,000,000 | 6809 | 3,855 || 1021, " 823,76 | 170,000 | 1158 | 1158
1015, 83,860.50 [ 700,000 | 4,626 | 2,345 || 1022 5,060, 13 123, 000 819 B19
mie....... &uﬂ- 76 850,000 | 65,618 | 3,607 -
1917....... 811.88 885,000 | 6,073 | 5,046 262,380.02 | 5,424,000 | 36,643 | 26,189

INNOKO AND TOLSTOI DISTRICTS.

In the Innoko district 18 summer mines, employing 62 men, and 4
wiater mines, employing 6 men, were operated in 1922, The chief
produetion came from Little, Ophir, Yankee, Gaines, and Anvil
creeks. Open-cut mining predominates, but with the continuous
installation of dredges it is to be expected that this type of mining
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will eventually surpass in production the open-cut methods. The

Flume Dredge Co.’s dredge on Yankee Creek, first put into operation :
in 1921, mined eontinuously during the summer of 1922, and its suo-

cess was sufficient to encourage the same company to start the instal-

lation of & similar dredge on Little Creek, which should be in opera-

tion in 1923. A 6-mile ditch was under construction along Innoko

River to provide water for a hydroelectric plant to supply power for

these dredges. The Innoko Dredging Co. landed the materials for a

steam dredge at Tacotna in the fall of 1922 and sledded it to Gaines

Creek during the winter. It was hoped to put this dredge to digging

in 1928. In 1922 a total of 222,500 cubic yards of gravel was mined,
carrying an average gold content of $1 to the yard.

In the Tolstoi district 4 mines were operated in summer and 4 in
winter. Each mine was a one-man property, operated by the owner
alone. Work was confined to Madison, Esperanto, and Bear creeks,
but it was expected that Boob Creek would be opened up in 1923.

Placer gold and silver produced in the Innoko and Tolstoi districts, 1907-1922.

Gald Bilver. Gald.
Year, : Year.
OUDOss. Valne. | oonpeg,| Velus. ounces. Value. | o nens| Valae.

1907....... 628.87 |  $13,000 67 | 44 |l 1018....... 10,642.50 | $220,000 | 1,130 (-  $744
1908....... 3,483 72,000 370 196 (| 1017....... 8,465,063 175,000 | 1,113 7
1000....... 16, 447. 50 340,000 | 1,748 908 | 1918... 5, BOG, 00 mg 608 808
1910. . lﬁ: 72L 325,000 | 1,600 901 | 1919....... 6,772. 50 140, 8O3
m....,.. 12,003.75 | 250,000 | 1,284 eal || 1920....... 4,982.62 | 108,000 529 677
088 12,003, 75 250,000 | 1,284 681 || 1991....... 5,321, 26 110, 000 560 |

....... 13, 645, 280,000 | 1,438 869 || 1022... 10,838.00 | 224,000 | 1,2641 1,964
1014....... 9,675 00 200,000 ( 1,027 568
1688....... 0,101,25 | 190,000 978 485 145,706.49 | 3,012,000 | 15,791 | 10,825

IDITAROD DISTRICT.

There were 13 productive mines, employing 136 men, in the
Iditarod district in 1922. The two dredges on Otter Creek worked
163 and 167 days and produced a large part of the total gold output
of the district. Otter, Happy, Flat, and Willow creeks were the
chief producers The average gold recovery for the entire district
was about 51 cents a yard, and 547,300 yards of gravel was moved.
The large yardage and small average recovery are of course the
result of dredge mining.

A promising discovery of gold quartz is reported to have been
made by J. Warren at the head of Glen Gulch. It is said that &
stamp mill has been installed and considerable ore mined. Plans were
made to send a sample shipment to Tacomsa to be smelted, but the
high freight charges make it mposmble to ship any but bonanza
ore from this district. The quicksilver mine in the headwater region
of Iditarod River was not operated in 1922,
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i v Placer gold and silver produced in the Iditarod district, 1910-1982.

Year. i Year: ;
Fine Fine Fine Fine
OUnres. - Value. ounces. Value, ounces, Valoe. ounced. vm
w0....... 187.50 | $500,000 | 4,254 [ 82,207 [ 1018....... 59,085, 00 ‘:1 000 | 9,000 | 0,000
1911, ‘&m.w 2,500,000 | 31,270 | 11,273 |[ 1919.7 .00 85,071, 88 ’mmo 5.300 | 5,087
191300000 169,312 50°| 3,500,000 | 29,778 | 18,313 | 19200000000 24,420.37 | 505,000 | 3,628 | 3,054
1013.-.7-2 "89,977.50 | 1,880,000 | 9,551 | 5,769 [ 1921....... 16,031.25 | 350,000 | 2,482 | 2)482
114,10 09,862.50 | 21000,000 | 10,078 gg;?n 1922.. 1354500 | 280,000 | 2,041 | 2,04
....... 18875 | 2,060,000 | 10, .
T 904;331.25 | 1,980,000 | 10,013 | 6,589 920,002. 50 |19, 020,000 (120,471 | 87,048
1917..00 0] 72, 52. 50 | 1,500,000 | 11,050 [ 9,105

MARSHALL DISTRICT.

About 12 summer mines, employing 31 men, were operated in the
Marshall district of the lower Yukon during 1922. This district is
here made to include the Stuyahok region, about 40 miles northeast
of Marshall. There was very little activity around Marshall in 1922,
and reports from the Stuyahok were not very encouraging. Four men
mined on Disappointment Creek, near the original Marshall discovery,
operating a hydraulic plant and a scraper. One new encouraging
prospect was said to have been found on claim No. 2. In this dis-
trict about 17,000 cubic yards of ground was mined, from which an
average of $1.29 in gold was recovered.

Placer gold and silver produced in the Marshall disirict, 1914-1922.

Gald. Bilver. Gold. Bilver,
Year. Year. 3
onine. | vame. | Fioe | value, orne | vaiue, [ Fine | vqiue,

1914... 726. $15,000 o 52| 9m0....... 4,353.75 | $90,000 | 552 | 8602
....... 1,200.87.| = 35,000 | 156 | 10210000 14s1.25| 30,000 | 182 102
g 13)061.25 | 270,000 | 1,886 | 1,100 || 1922....00) 1084.25| 220000 | 134
19017 550,37 | 425,000 | 3,300 | 2,710
A "256.25 | 150,000 | 40| 940 54,518.61 | 1,127,000 | 7,678 | 6,628
T 4,837 100,000 | 624| 69

CHANDALAR DISTRICT.

. According to reports received, 4 summer mines, employing 15 men,
and 1 winter mine, employing 10 men, were operated in the Chandalar
district in 1922. The greater.part of the production from the district
came from a single deep mine on Little Squaw Creek, operated by
F. J. Smith, which was worked only in the winter. Plans were made
to run a drainage tunnel to this ground, so that mining could be
carried on in the summer of 1923. Big Creek was the second largest
producer in the district. In the entire Chandalar district about
22,000 yards of ground was mined in 1922, having an average gold
content of $3.73 to the cubic yard.
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Prospecting continues on the gold lodes of this district. For many
years promising gold quartz ledes have been held, but the remoteness
of the region and the high cost of bringing mining machinery to it
have retarded lode-mining developments. There are indications that
eventually the Chandalar region wﬂl be included in the list of gold-
lode camps.

Placer gold and silver produced in the Chandalar district, 1906-1922,

Gald,. Silver, - . Gold. Sliver.
Foue. Fine Fine T Fine . Fine

otirloss. Value. otnpes. Value, ounces, Value. Value,
{iﬂ-lﬂl 3,2.50 “s,% 416 $241 %910 ....... g ;: l}ﬂ,% ™ g
o] el o) 38| Bimol niaa| soo| 17| ter
191500 24, 5000| 35 18 |f 102,220 dus12| ®oo| 74| s
mg.. ; % 121% 1 ® 263. 05 s00 | 1,781 ni

101873070 m.s moe| ‘W] % % " ’ "

EKOYUKUK DISTRICT.

'In the Koyukuk district 36 summer placer mines, employing 108
men, and 10 winter mines, employing 25 men, were productively
operated in 1922. An average of $3.44 in gold to the cubic yu'd
was recovered from the 38,350 cubic yards of gravel mined. As in
the past, the largest output came from Nolan Creek. A new piece
of rich bench ground was opened up on Nolan Creek below the mouth
of Smith Creek, but its extent is still unknown. Some recently dis-
covered rich spots on Hammond River have stimulated prospecting
there, and some coarse gold was mined on Sixtymile River, a tribu-
tary of John River.

Placer gold and silver produced in the Koyuluk districl, 1900-1998.8

-

Gold. Sliver. + Grold. Sliver,

Year. ” Year, %

Fine na Fine ne

ounces. Value. ounoes. Value. Flevie- Value. ounoes, Value,
1900-1908. .| 108, 454.02 600 | 15,242 993 || 1017, 12,287.26 | $254,000 | 1,724 | 81,421
1910....... %ﬁmh’fa’gjm 1,108 “’m 1918....... 7,401.38 | 153,000 | 880 880
L 7,286.25| 150,000 [ 1,089 561 (| 1919....... 6,514.75 | - 114,000 787 881
912,...... 10,860,190 | 224,500 | 1,565 957 || 1920. 4,402.12 91,000 148 161
W3 20,808.00 | 433,000 | 2,001 | 1,808 )| 1821..4 3,778,25 78, 000 119 119
1004....... 13,786.87 | 285,000 | 1,973 | 1,001 |f 1822....... 6,385.50 | 132,000 214 214
W5 ... 14,028.78 | 290,000 | 2,006 | 1,007
1918, 15,480.00 | 320,000 | 2216 | 1,458 236,208, 34 | 4,884,100 | 32,002 | 20,147

s Beginning with 1811 this table inaludes o small production from the Indian River district.

)
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EUSKOEWIM REGION.

T!xe returns from the placer operations in the Kuskokwim region
are still incomplete, so & full statement of mining in 1922 jg not possi-
ble. About 30 mines, employing about 137 men, were operated and
produced about $542,000. Much the largest single operation was
that, of the dredge on Candle Creek near McGrath. This dredge
operated during a period of 1454 days, digging in ground that aver-
aged 144 feet'in depth. In addition to the dredging, about 7 mines
were operated in the McKinley district, 7 in the Georgetown district,
11 in the Tuluksak-Aniak district, and 4 in the vicinity of Goodnews
Bay.

Mining and development work was continued on the Nixon mines
of the Treadwell Yukon Co. (Ltd.), at Nixon Fork, in the McKinley
district. The company reports that 200 feet of inclined shaft and
1,690 feet of drifts and crosscuts were completed. The 10-stamp
amalgamating and concentrating mill, erected in 1921, was operated
from June to September, 1922, and the mine was opemted continu-
ously throughout the year. Some development work was done on
the ‘quicksilver deposits of the lower Kuskokwim and on one or two
other lode deposits.

SEWARD PENINSULA.

SALIENT FEATURES.

- The value of the total mineral production of Seward Peninsula
in 1922 was $1,274,988, a falling off of $190,000 from the value in
1921. Of the total amount $1,265,000, as shown in the subjoined

‘table, was in gold, and the rest in silver, platinum, coal, and lead.

No tin was produced in Seward Peninsula in 1922. The platinum
came chiefly from the Koyuk district and the lignitic coal from the
Fairhaven district. At the Independence mine, in the Fairhaven
district, no new ore was mined, but a small production was made by

- working over the dumps of the preceding year. This was the only

producing lode mine on the peninsula in 1922, Some development
work, meinly as assessment work, was done on other lodes of the

district.
PLACER MINING.

A t.ota.l of 104 placer mines, employing about 528 men, were oper-
ating on Seward Peninsula in the summer of 1922, and 11 mines,
employing 51 men, the preceding winter. In 1921 there were about
126 summer mines, employing 622 men, and 14 winter mines, em-
ploying 64 men. These mines in 1922 moved an aggregate of about
2,108,691 yards of ground, which yielded about 60 cents in gold to
the cubic yard.

76813°—24—4
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Two interesting new discoveries’ of placer gold, the value of which
hes not yet been determined, are reported from the Buckland River
hasm, about 25 miles above the mouth of that stream.

Placer gold produced in Seward Pmmnda in 1988, by districis.

' Bummer. ‘Winter,
Diswict. Yy Vaed

O DR < WO SO SR W) wss,00| 26| ea| :
Bolomon and Casadepaga 2,000 T 14 81 8 ....... 10
108, 000 11 78 4 35
B(I)D 11 89 1 3
32) 000 1 Tl e e
150, 000 26 0 B 7
3,000 5 -J) T
13&5«:0 104 628 1 51

" Placer gold produced in Seward Peninsula-in 1922, "by wsthods of swining.

' . Valgsof

Method. Mines. |, Men. ggﬁ.

i e st v ey v S 16 . 151 $609,850
inclodes mwhmm wal umdomm =2,

grsveltosl&nul;gbu y 24 192 426,671

Ot muining (ofter thas by ‘hydrsutieking)- -1 11T % 1 '}}31 =

" The 15 dredges operated on Seward Peninsula in 1921 dug about
1,574,500 cubie’ yards, as compared with 16 gold dredges and about
1,690,000 cubic yards in 1921. The gold recovery to the cubic yard

was about 39 cents in 1922 and 41 cents in 1921. The dredges were

operated from 13 to 114 days. Those that were fully prepared at the
beginning of the operating season worked from 70 to 114 days. The
most 1mportant event of mmmg interest in the Seward Peninstila
region in 1922 was the acquiring of large dredging-ground’ ‘holdings,
including all the property of the ‘old Pioneer Mining Co., by the
Hammon Consolidated Goldfields Co. The property of the Pioneer
. Mining Co. has been worked mainly by hydraulic giants and elevators.

The new company has let contracts for two new dredges, with buckets

having a capacity of 9 cubic feet, to be erected and ready for operstion
on ground on the third beach by June, 1923. The cold-water thawing
method will be used to keep the ground thawed in advance of dredging.
The dredges will be electrically operated the power being furnished
by Diesel engines.

The hydraulic.mines of Seward Penmsula. handled about 468,327
cubie yards of gravel and made an average gold recovery of 91.1 cents.
About 21,118 cubic yards was mined by drifting and hoisting, with a
gold recovery of about $5.24 to the cubic yard. Most of the deep
mining was done in the Koyuk district. Open-cut mines other than

Calh
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hydraulic mined 39,792 cubic yards of ground and recovered $3 to
the yard in gold.

Gold and silver produced on Seward Peninsula, 1897-1922.

Gold. Silver. Gald. Bilver.
- Fine Fine e Fine Fin
]
ounces. Value. | ounces.| Value. ounces. Value. | inoes.| Value.
1997 . 726.63 |  $15,000 g7 | 52| 01...... 149, 962. 50 83, 100,000 | 17,006 | 99,718
18080000 8,628.13 | 75,000 | 435 | 258 || 1m2l.l.0 145,125.00 | '3, 000,000 | 17,415 | 10,710
19,000 135, 450.00 | 2,400, 000 | 16,254 | 9,783 || 1913... . 120, 437 50 | 2, 500,000 | 12,004 | 7,305
000,000 220, 781. 25 | 4,780, 000 | 27, 574 | 17,007 [[ 1014000 " 130,612, 50 | 2,700, 000 | 15,673 | &l 667
e £22.61 | 4,130,700 | 24,570 | 14,747 || 1015... 000 140, 267, 50 | 2,900,000 | 17,510 | & 878
1902, . 677.07 | 4,561,800 | 26, 481 | 14,035 | 1916, .. .. 142,700, 26 | 2,950,000 | 14,271 | 9,301
1908, .. 215,004, 38 | 4,463, 000 | 24,171 | 13,052 || 1927.2000" 125,775. 00 | 2,600,000 | 13,770 | 11,346
M. ..... 201,462, 52 | 4,164,600 | 24,175 | 14,021 || 1918, ..... 53,599.50 | 1,108,000 | 6,022 %ﬂ
T ey 232,200, 00 ;,aoo,om 27,8684 | 16,907 || 19190070 65,700. 00 | 1,360,000 | 6,040 el
1908, .00 812,50 | 7,500,000 | 43, 537 | 29,605 | 1920.-00. 02,857.40 | 1,300,000 [ 6,813 | 7,428
W7, 625,00 | 7,000,000 | 25, 497 | 16,828 || 1920... .. 70,3%0.75 | 1,435,085 | 6,411 | & 411
1908...00 80,00 | 5, 120,000 | 20, 577 | 10,905 || 192200000 61,194.37 | 1,3,000 | 6,790 | 6,790
1900 ...."| 207, 077. 50 | 4, 260,000 | 20, §71 | 10, 858
1910,.2007| 100)312.50 | 3) 800,000 | 20,817 | 10,971 004, 510,44 (82,380,185 (444,124 [ 279,008

EOBUK REGION.

Placer mining continued during 1921 in a small way in the Kobuk
River basin, chiefly in the Shungnak district. About 6 summer
mines, employing 11 men, and 3 winter mines, employing 8 men,
were operated, most of them for only a part of the season.
and Dahl creeks were the largest producers, but the total output was
only about $8,000 in gold. It is reported that two hydraulic plants
are being installed in this region, one of them on California Creek.
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ADMINISTRATIVE REPORT.
By Avrrep H. Brooks and Groree C. MARTIN.

. During 1922 seven parties were engaged in surveys and investiga-
tions in Alaska. These parties included 7 geologists, 2 topographers,
2 topographic assistants, and 12 packers, cooks, and other helpers.
Five parties were enga.ged in geologic work, and two were combined
geologic and topographic parties.

The funds available for field and office work for the season of 1922
included an appropriation of $75,000, an unexpended balance of
$5;430 from the appropriation of 1921, and an allotment of $2,000

-from the appropriation of 1921 for the classification of the public

lands. The subjoined tables show the allotments of these funds
geographically by types of work and by salaries and field expenses.
A balance of $14,100 will be used for the fitld work of 1923. In
these tables the money devoted purely to office work has not been
allocated to the several projects, except as indicated.

Allotments for salaries and field expenses, field season of 1922.

1921-22 | 1922-23

%m’m.......-., ........................................................ S “0
N S N S I At $7,4%0 | 17,000

The allotments shown in the subjoined tables as made to different
kinds of work and to different regions are only approximations. To
determine the precise figures would require an elaborate cost-keeping
system too expensive to justify the results to be achieved. Many
parties and individuals divide their time between two or more
projects. The following table shows, in a general way, however, on
what projects the funds have been spent. The gevlogic surveys

include work that is used in the classification of public lands.
51
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Apmmkdbmumdéfamm&msmmww,ﬁddm of
1922.

In the following table showing the distribution of allotment by
regions, the overhead expenses, including administration, are dis-
tributed proportionately among the various projects:

Approximate distribution of allotments for investigations in Alaska, field season of 1922.

1921-22 | 192323

General in ge0l0gy And MINErA) FESOUICESE. « - - vueeemrssserecsasnsnsansasfossernnens :ﬁ,'uia
Southeastern e ST AT ST I ST IR 5,400
mmvw ............. 8, 400
Rallroaf. ... .. veicecennsnsmsrnstnnsnsnnnssannnssamismvasasnnssrannanssassnsns|sencnsnsas 4,200
Aluhl’m.i.nmh #6,450 £00
............ 080 6, 600
&?ﬁ pusum ......... iﬁg
'l‘nbelnottad loﬂddwoﬂ. 1" et b o s e v, B T T
7,430 | 75,000

The following table shows the progress of investigations in Alaska
and the annual grants of funds since systematic surveys were begun,
in 1898." It should be noted that a varying amount is spent each
year on special investigations that yield results which can not be ex-
pressed in terms of area. In 1917, when the United States entered
the World War, nearly all the Alaska funds were allotted to the in-
vestigation of minerals such as platinum, sulphur, and antimony,
which were then of special importance, and few areal surveys were
made. Since 1918 the reduction of the annual appropriation and
the increased cost of all field work has not permitted extensive geo-
logic and topographic surveys. Little progress has therefore been
made in extending the topographic and geologic mapping that is
essential to obtain an adequate knowledge of the mineral resources
of the Territory.

:mwmemmammmmmumMmm
reglon in 1895 and of the Yukon reglon in 1896.

oy
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Progress of surveys in Alaska, 1898-1922.

v " Investiga-
Areas coverad Aroas covered by topographic ‘| - tions of
P 3 b .
- g1 EEE] [ |l
: - o P ol =g $ P :
= - = |z
% = |pE |is g H gié
g =8 €F [ou8 2 [2]2 -
%) 0% |52 2% iR ge 3 |
=8| 84 |5 |Bx Bt g
- =] - A =2 4 5 FE @
Sg. .M. . |8g.m.| Miles,
wan, 100 | 000 | s
.25,000 | 6,000 [o.......
60,000 | 8,300
40,000 | 6,200 |- 5,800
60,000 | 6,950
60,000 { 5,000 ) 8,000
60,000 | 4,050
80,000 | 4,000
80,000 | 5,000
0,000 | 2,600
80,000 | 2,000
00,000 | 6,100
00,000 |eeeensnn
100,000 | 8,000
00,000 |.......
100,000 | 3,500
100,000 | 1,000
100,000 |.evn-..-
100, 000
100, 000
77
b 87,000 |-
€T7,000 |auennnn
1,062,180 | 73,200
FEE TR 12,48 | 10.63 | 0,96 | B.81 | 26.76 | 0.67 |...... RS R A aaw
“ This Const and Geodetic Survey, Tnternstional Boundary Comission, and General Land Offioe ha
Kinhi:s. Themmutdhythugmf’v.%umofmminduﬂn

ERib ot v
® Ing $12,000 for classifica { public lands.
i a,mb’@umun?:t;u jio lands.

The chief Alaskan geologist was engaged in office work until June
12, 1922, when he left Washington for Seattle, where he joined Hon.
C. H. Huston, Assistant Secretary of Commerce, and other members
of an expedition sailing on the Coast Guard cutter Mejave to make
investigations in the northern Pacific under the auspices of the De-
partment of Commerce. With this party he visited and made some
investigations of the geology and mineral resources in the coastal
regions of Alaska and adjacent islands, as well as of the geology and
geography of portions of the coast of Siberia. While in Alaska he
visited Juneau, Seward, Anchorage, Fairbanks, Unalaska and Pribi-
lof Islands, and Nome. His time in the office was divided as follows:
Geologic studies, 14} days; progress report, 15 days; press bulletin,
10 days; mineral statistics, 17 days; geology of Alaska, 24 days;
geography and geology of eastern Siberia, 20 days; field plans and
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orders, 14} days; preparation of report on geology of Point Barrow
region-and plans for survey of naval petroleum reserve No. 4, 32 days;
administrative and routine matters, the remainder. He left Wash- .
ington June 21, 1923, to make certain inquiries in Seattle, and on
June 29 sailed for Sydney, Australia, where he attended the Pan
Pacific Conference as an official delegate.

George C. Martin did no field work in the summer of 1922 and was
enga.ged throughout the year in geologic studies of the Alaska Meso-
- zoic formations and in administrative duties as acting chief Alaskan

geologist during the absence of Mr. Brooks. His time was divided
as follows: Preparation of manuscript on Alaska Mesozoic forma-~
tions, 121 days; revision of reports and preparation of original manu-
.script on Alaska oil fields, 32 days; revision of other referred manu-
script and proof reading, 28 days; general administrative duties, in-
cluding conferences, 49 days; preparation of manuseript of adminis-
trative reports, 6 days; preparation of manuscript and other data
for Government officials outside of the Geological Survey, 14 days.
The entire month of June, 1923, was spent in official travel on the
way to the oil fields of Alaska Peninsula.

Philip S. Smith spent from June 14 to September 13 in making
special investigations of the geology and mineral respurces of areas
adjacent to the Alaska Railroad.

Fred H. Moffit was engaged from June 14 to September 17 in a
revision and extension of the reconnaissance geologic mapping of
the Chitina Valley. The results of his investigations will appear
in s swmomary report on the geology and mineral resources of the
Chitina quadrangle.

J. B. Mertis, jr., continued the reconnaissance geologic mapping
of parts of the Rampart and Fairbanks quadrangles. He spent
from June 27 to September 3 in mapping, on the scale.of 1 to 100,600,
an area of about 1,000 square miles. Some time in September was
spent in collecting statistics of mineral production in the vicinity of
Fairbanks,

A. F. Buddington spent from June 13 to September 22 in con-
tinuing the geologic mapping and investigation of mineral resources
of the Wrangell district.

R. H: Sargent was in charge of a double party engaged in recon-
naissance topographic and geologic surveys of ‘the oil fields of the
Alaska Peninsula.. Mr. Sargent spent from June 15 to September 22
in mapping on the scale of 1 to 180,000 an area of about 3,000 square
miles lying along:the axis of the Alaska Peninsula between Portage
Bay and Chignik. He was accompanied by W. R. Smith, who made
geologic surveys in the same district, and had general supervmon
of a party under the leadership of R. K. Lynt engaged in making
mvayimnnad;wmtma. While in - the office Mr, Sargent was
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oceupied largely in the administration of Alaska topographic surveys
and map compilation, in addition to preparing his field ‘mapa for

publication.

W. R. Smith, who accompanied R. H. Sargent from Portage
Bay to Chignik, made reconnaissance geologic surveys of an area
of about 2,000 square miles. A joint report on the results of his
investigations and on those of Mr. Baker in an adjoining area appears
elsewhere in this volume.

R. K. Lynt spent from June 15 to September 12 in making topo-
graphic surveys on the scale of 1 to 180,000 of an area of about
1,300 square miles in the vicinity of Becharof Lake. He was accom-
pauvied by A. A. Baker, who made geologic surveys of an area of 475
square miles in the same district. The results of Mr. Baker’s inves-
tigations are published, jointly with those of W. R. Smith, elsewhere
in this volume.

8. R. Capps, who had been on furlough since April 16, 1922, while
engaged in commercial oil work for an American company in foreign
countries, returned to the Geological Survey May 1, 1923, and
resumed the preparation of his report on the geology and mineral
resources of the region tributary to the Alaska Railroad. InJune,
1923, in the absence of Mr. Brooks and Mr. Martin, he took over
administrative charge of the Alaska branch as acting chief Alaskan
geologist.

C. Arthur Hollick continued his studies of the Alaska Tertiary
fossil plants, although he was not regularly employed by the survey.

James McCormick was employed for six months in the revision
of the geographic dictionary of Alaska. John B. Torbert has been
engaged in Alaska cartographic work throughout the year, about
half of his time having been devoted to map compilation. E. B.
Hill, assistant topographic engineer, was engaged in work upon
Alaska topographic maps from November 15 to January 23.

Miss Lucy M. Graves, chief clerk, has continued to carry much
of the clerical administration of the Alaska branch and has acted
as chief during the absence of the chief Alaskan geologist and of the
senior geologist, G. C. Martin. The details of collecting the statistics
of the mineral production of Alaska have been in the hands of T. R.
Burch.

During 1922 the survey issued three complete bulletins relating
to Alaska—Bulletin 722, “Mineral resources of Alaska, 1920,” by
Alfred H. Brooks and others; Bulletin 733, “The geology of the
York tin deposits, Alaska,” by Edward Steidtmann and S. H.Cath-
cart; and Bulletin 742, “Chromite of Kenai Peninsula, Alaska,” by
A. C. Gill; also some of the separate chapters from Bulletin 739,
“Mineral resources of Alaska, 1921,” by Alfred H. Brooks and
others, Bulletin 745, “The Kotsina-Kuskulana district, Alaska,”
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including topogrnph:c maps, by F. H. Moffit and J. B. Mertie, jr.,
was issued in June, 1923. The manuscripts of three other reports—
“The Ruby-Kuskokwim region, Alaska,” by J. B. Mertie, jr., and
G. L. Harrington (Bulletin 754), “The Juneau district, Alaska,”
by H. M. Eakin, and ‘“The Ketchikan district,” by Theodore Chapin
are nearly ready for the printer. The usual annual review of the
mining industry of Alaska was issued on December 31, 1922.

A new map of Alaska on the scale of 1 to 2,500,000 was issued about
March 1, 1923. A relief map on the same scale is almost completed.
The compilation of the topographic map of the region tributary to
the Alaska Railroad, on a scale of 1 to 250,000, is approaching
completion. This will be published in three sheets, of which the
southern sheet (Seward-Mstanuska) wes sent to the engraver in
June, 1923.

v



THE METALLIFEROUS DEPOSITS OF CHITINA VALLEY.
By Freo H. Morrrr, -

INTRODUCTION.

The mineral deposits of the Copper River basin, particularly of
Chitina Valley, have been described from time to time during a2
period of many years in papers of the United States Geological
Survey and in the scientific and technical journals. These papers are
widely scattered in many publications, some of them long out of
- print, so that much of the information they contain is no longer gen-
erally available. The writer expects to collect into a single paper
the general facts of the geology and mineral resources of this region,
but meantime it appears desirable, especially for the benefit of those
who wish to search for new mineral deposits or to test the value of
known deposits, to summarize briefly the mode of occurrence of the
valuable minerals so far discovered and to point out their relation to
the geologic formations and structure. This paper is intended to
present such a summary. It deals primarily with Chitina Valley
but contains some references to adjoining districts. Attention is
given mostly to minerals and mineral deposits that are already of
economic importance.

Copper, gold, and silver are the only commercially valuable min-
erals that have yet been produced in the district under consideration.
They are named in the order of the money value of the metal already
mined, and the value of the copper far exceeds that of the gold and
silver. Both copper and gold are mined for themselves alone, but
silver is produced almost wholly in connection with the mining of
copper, although a much smaller quantity is obtained from the gold
placers and a single silver-gold vein. Gold is produced chiefly from
placer gravels, where it is commonly found with considerable native
copper and a small amount of silver. It is also obtained from the
gold-silver vein mentioned.

GENERAL GEOLOGY.

The rocks of Chitina Valley are prevailingly sedimentary rocks,
such as limestone, shale, conglomerate, sandstone, and chert, but
include also intrusive rocks and a great succession of lava flows.
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The oldest known rocks of the district are included in the Strelna
formation, probably of Mississippian age, which occupies much
of the main valley of Chitina River. They comprise shale or slate,
limestone, chert, tuff, and basic lava flows intruded by granular ig-
neous rocks, mcludmg granodiorite, diorite; and gabbro. Both
copper and gold are found in some of the rocks of this formation.

Overlying the Strelna formation is the Nikolai greenstone, a
widespread succession of basic lava flows with a total thickness of
not less than 4,000 feet. The structural relation of the Nikolai
greenstone to the Strelna formation has not been understood but
from observations made in 1922 appears to be that of unconformity,
possibly without discordance in dip—that is, the Strelna formation
may have undergone erosion without deformation before the Nikolai
basalt flows were poured out. The precise age of the Nikolai green-
stone, furthermore, is not definitely known but is indicated within
limits by the fact that the greenstone overlies Permian sandstone
and conglomerate in the valley of Chitistone River and underlies
Upper Triassic limestone in many places. Copper in small amounts
is found almost everywhere in the Nikolai greenstone, a fact that
may be of great significance in connection with the origin of the
copper deposits,

The Nikolai greenstone is overlain, without apparent unconform-
ity, by a great thickness of Upper Triassic sediments, the lower part
of which congists of limestone, long known as the Chitistone lime-
stome, and the upper part of shale, known as the McCarthy shale.
Singe 1917, however, the name Nizina limestone has been applied to
the upper two-fifths or thin-bedded part of the original Chitistone
limestone of the Nizina district, and the name Chitistone limestone
has been restricted to the lower three-fifths, consisting of more mas-
sive beds. The name Kuskulana formation has also begn used to
cover the Nizina limestone and the McCarthy shale of the Kotsina-
Kuskulana district. The Chitistone limestone, in which the great
copper ore bodies of Kennicott are found, has a thickness of about
1,800 feet, and the overlying Nizina limestone a thickness of about
1,200 feet. Their combined thickness is probably 500 feet greater
than the thickness of the overlying McCarthy shale.

The Triassic snd older rogks were folded, subjected to erosion for
a long period, and then submerged in whole or in part below the
saa, after which there were deposited on them conglomembe, sand-

stone, limestone, shale, volcanic tuffs, and lava flows ranging in age
from Middle Jurassic to Tertiary. These later rocks, with the ex-
ception of the Cretaceous shale, which is widely developed in the
Nizina district, are nowhere known to contain mineral deposits ex-

2
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cept a few thin beds of lignitic coal and need not be considered fur-
ther.

"The sedimentary beds were invaded by granodioritic intrusives
showing a wide range in age, texture, and color. In some places
these intrusives have played an important part in the formation of
metalliferous deposits.

‘Sometime after the formation of the youngest of the consolidated
bedded rocks of the district—that is, the Tertiary sediments and
voleanic beds—the region was elevated above the sea, This eleva-
tion did not take place suddenly but required a long time. It re-
nGWed the processes of erosion and gave opportunity for the streams
to carve their valleys deep into the elevated sedimentary and volcanic
beds, producing a rugged mountainous district with relief compa-
rable to that of the present time. Such conditions accompanied by
a less rigorous climate must have given rige to much more vigorous
circulation of underground meteoric waters than is possible now or
has been possible at any time since the beginning of glaciation, when
the circulation of underground waters was practically stopped by
ground temperatures lower than the freezing point of water. So
far as the age of the metalliferous deposits, except the placer deposits,
is known, they were all formed before the land took on its present
form, and therefore many of them must have been subjected to
chemical changes by circulating waters in preglacial time. Since
glaciation began the changes in the ore deposits have been mechani-
cal rather than chemical, consisting of such changes as would be
brought about by movements in the rocks or by glacial erosion and
the breaking up of deposits by frost and atmospheric weathering,
Postglacial oxidation, except of a superficial kind, seems to be en-
tirely lacking.

The topography of the district owes its present aspect in con-
siderable measure to glaciation. With little doubt the major topo-
graphic features and most of the present drainage lines were
established in preglacial time, but they have been modified by ice
erosion and the deposition of ice-borne débris and the loose material
carried by glacial waters. Although the glaciers are now greatly re-
duced, this period of glacial activity is not yet ended. It is not
necessary to discuss in further detail the geologic history of the dis-
triet, yet it should be borne in mind that the glacial epoch followed
a much longer period of land erosion, which went on under milder

climatic conditions than prevail at present, and that during this

period of erosion most if not all of the metalliferous deposits were
undergoing chemical changes, which were stopped by the cold and
ice of the glacial epoch. This fact has an important bearing on the
character of ore bodies such as those at Kennicott.
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AGE OF MINERALIZATION.

A study of the ore deposits in connection with the general geology
of the district leads to the conclusion that the ore bodies are to be
referred to two or more periods of formation. The age of different
ore bodies can not be stated definitely, but certain limitations of age
can be determined. Gold, silver, or copper is found in the Strelna
formation, in the Nikolai greenstone, and in the shale overlying the
McCarthy shale—that is, in rocks that range in age from Mississip-
pian (lower Carboniferous) to Upper Cretaceous. The age of the in-
closing countty rocks, however, tells little about the age of the n;in_-
eral deposits except that the country rocks are the older. The min-
eral deposits may have been formed at some one particular period
after the rocks were formed, or they may have been formed at different
times. Moreover, the formation of the ore bodies was not a sudden
process, completed at a stroke, but took place slowly as the mineral-
bearing waters made their way through the devious openings in the
rocks and gradually depomted their metal content.

A number of bodies of igneous rock occur in Kuskulana Valley
that were intruded into Triassic and -older rocks but not into sedi-
ments overlying the Triassic rocks. These intrusive bodies consist of
granodiorite or closely related rocks. In places they are themselves
mineralized with copper sulphides, and in places they have pro-
duced contact-metamorphic deposits of copper and other metallic
minerals at the borders of the rocks which they invaded. Several
large veins of magnetite were formed in this manner on MacDougall
Creek. Waterworn pebbles of this magnetite have been found at the
base of the Upper Jurassic () conglomerate that lies unconformably
above the older sediments and the igneous intrusive at this place and
furnish evidence that the mineralization here and probably near by
on Berg Creek was later than Upper Triassic and earlier than
Upper Jurassic.

Definite evidence for the age of the copper mineralization in the
Nikolai greenstone and the Chitistone limestone is lacking. It may
belong to either of the two permds already named or it may belong
to a'third distinct period. There is no reason known to the writer
for supposing that the original copper mineralization took place
at different times rather than as one continuous process, though
doubtless the copper ores were long in the making.

It is unnecessary for the purpose of this paper to enter into a
discussion of the source of the copper in the copper deposits further
than to state that they were probably deposited from hot ascending
solutions. A most excellent statement concerning the source of the
copper and the manner of its deposition has been made by Bateman
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and McLaughlin® as a result of a painstaking study of the ore
deposits at Kennicott.

In the Nizina district the Upper Cretaceous shales are cut by
many conspicuous dikes and sills of guartz diorite porphyry, and
these dikes and sills are associated with veins of quartz carrying
pyrite and free gold. Molybdenite is present, and probably stibnite.
The creek gravels yield also galena, cinnabar, barite, and marcasite
(%), but these minerals were not seen in the veins. It is evident
from the age of the inclosing rocks that these minerals, or at least
the veins carrying the gold, represent a period of metal deposition
distinet from that previously mentioned.

CHARACTER OF THE DEPOSITS.

For convenience in description the ore deposits will be con-
sidered under the headings copper, gold, and silver, although two
or more of the metals occur together at different localities and
- therefore the divisions overlap one another in some degree.

COPPER.

Copper is found in Chitina Valley as lodes of native copper and
compounds of copper and as native copper in placer gravels. The
copper minerals that have been recognized in the lode deposits in-
clude antlerite, arsenates of copper, bornite, brochantite (?), chal-
" canthite, chalcopyrite, chalcocite, covellite, cuprite, enargite, frei-
bergite (?), luzonite, malachite, native copper, tennantite, and tetra-
hedrite. These minerals are by no means equally abundant or every-
where present. As measured by past production, chalcocite, covellite,
enargite, and the carbonates azurite and malachite should be placed
first,-and. the others, except possibly bornite, should be regarded as
of little interest to the miner.

The copper lode deposits may be best considered by classifying
them in accordance with the kind of rock in which they are found.
Two classes are thus distinguished—copper deposits in’limestone
and copper deposits in lava flows, particularly in the Nikolai green-
stone. These two classes differ in mineral associations and to a
certain degree in form, but they are believed to belong to the same
period of mineralization and to be different expressions of a single
process of mineral deposition, owing their distinguishing features
to-the’ chemical and physical character of the inclosing rock rather
than to differences in chemical composition of the original mineral
solutions.

* Bateman, A. M., and MeLaughlin, D. H., Geology of the ore deposita of Kennicott :
Heon. Geology, vol. 15, No. 1, January, 1920,
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The largest and best-known examples of copper deposits in lime-
stone are those of Kennicott, which will therefore be described
briefly as typical of this class of deposits As given by Bateman?
the ore minerals at Kennicott, except those obviously due to oxida-
tion, are chalcocite, covellite, enargite, bornite, chalecopyrite, luzonite,
tennantite, pyrite, sphalerite, and galena. No gangue minerals are
present., To this list should be added other minerals that are plainly
due to oxidation processes. They are malachite, limonite, covellite,
antlerite, azurite, arsenates of copper, chalcanthite, cuprite, and
possibly brochantite. The minerals in both lists are given in the
order of their abundance. It is estimated by Bateman that the
sulphide ores make up approximately 75 per cent of the ores mined
and that of the sulphides chalcocite constitutes from 92 to 97 per
cent, covellite from 2 to 5 per cent, and other sulphides less than 1

. per cent. Besides copper the ores of Kennicott carry a considerable
quantity of silver, which is recovered in smelting. Very little gold is
present.

The ore bodies are in the lower beds of the Chitistone limestone,

which here dips 23°-30° NE. and is separated from the underlying
- greenstone by a bed of red and green shale ranging in thickness from
4 to T feet. This shale is inconspicuous but is generally present
throughout the district. The ore deposits, viewed in the large, have
the form of elongated tabular bodies standing on edge with their
long axes approximately parallel to the dip of the limestone-green-
stone contact. A cross section made by a plane parallel to the'strike
and perpendicular to the bedding planes of the limestone shows that
the ofe bodies have the form of narrow wedges with the base down
and the thin edge up. The position and form of the principal ore
bodies are due to two systems of faults, one of which is vertical and
almost parallel to the direction of dip of the limestone, the“other
inclined and parallel to the limestone beds. Other faults are present
but need not be considered, as they were not involved in the forma-
tion of the ore bodies. The bedding or “flat” faults are at the base
of the wedge-shaped ore bodies that occupy the vertical fissures.
Bateman ® says of the ore bodies:

The average height of the main Bonanza vein from the base to the apex,
measared normal to the incline, is about 210 feet in the upper levels and 150
on ‘the lower levels, 1t has been followed for a distance of about 1,900 feet,
measured alopg its base, and the width varies from 2 to 50 feet. The main
Jumbo vein, exclusive of its enlargement at the flat fault, averages about 360

feet in height, from 2 to 60 feet in width, and has been followed down on It:s
base for 1,500 feet.

30p. cit, pp. 35, 4b.
$0p. cit, p 30.
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: The_figures for the extension of these ore bodies down the dip
q£ the limestone are now greater than when the paper quoted was
The form of these ore bodies deserves special attention, because of
its possible significance to the prospector. Bateman has shown by
careful surveys in the Bonanza mine that the ore bodies trend par-

‘allel to the axis of a gentle transverse downfold in the Chitistone

limestone, & fold whose axis pitches to the northeast, in approxi-
mately the same direction as the dip of the major folds. He sug-
gests that the wedge-shaped form of the ore bodies results from this
transverse folding, by which the beds of greater radius on the outside
of the fold were under tension and tended to separate along planes
of fracture, whereas the beds of shorter radius nearer the center of
the fold were under compression and tended to remain closed. Fold-
ing might well result in fracturing and the formation of wedge-
shaped openings whose long dimensions were parallel to the axis of
the folds and whose widest parts turned downward where the folds
are. synclma.l or upward where they are anticlinal. At the Bonanza
mine the transverse folding is synclinal, and the wide parts of the
ore bodies that occupy the fractured limestone turn downward, as
would be required by such a method of formation. The walls of the
fractures may never have been separated more than enough to allow
solutions to circulate, for the folding took place slowly, and the sepa-

;... ration may have gone on no faster than the ores were deposited. The
‘openings may also have been enlarged by solution as the water cir-

culated through them.

The ore bodies are not so simple in form as the preceding descrip-
tion may suggest. As pointed out by Bateman,* the ore deposits at
Kennjcott form vein deposits, irregularly shaped massive replace-

‘ment deposits, and stockworks in the limestone. Bateman further

divides the replacement deposits into irregular massive deposits,
veins, and disseminated deposits, with all gradations between.

These distinctions may be better understood if the folded beds of
the Chitistone limestone and the greenstone are pictured as having
been subjected to forces that produced faulting with an unknown
amount of moyement along planes of the limestone practically parallel
to the bedding and vertical fractures approximately parallel to the
strike of the beds. The joint planes and openings were not everywhere
simple, clean-cut, and regular. The rock in places was broken by
many J.rregulnr fractures. The ore—bearmg solutions made their way
in the main along vertical fractures just above the bedding-plane
faults but entered all other openings to which they had access. The
mineral content was deposited partly in open cavities but more often

40p. cit, p. 20.
76813°—24—5
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by a replacement of the limestone itself—that is, the limestone with
which the solutions came inte contact was taken into solution, and
copper ores were deposited in place of the dissolved limestone. 'Tn
some locations the replacement of the limestone is complete so that
great masses of pure copper minerals occupy the space once filled by
limestone. In other localities, as in the stockworks and disseminated
deposits, the replacement has not proceeded so far, and limestone
forms here a small or there a large part of the ore. Irregularities
of thickness of the wedge-shaped vein deposits show that the replace-
ment went on more rapidly at some points than at others. The forms
of the ore bodies are therefore dependent on the accidents of fractur-
ing in the limestone, the facility with which the circulating waters
made their way through the openings, and the degree of completenesa
of replacement by copper minerals.

" A common experience in mining these ores is to find that an ore
body terminates abruptly or that a tiny stringer of copper minersls,
apparently of no value whatever, if followed a sufficient distance
opens out into a large mass of ore. It is therefore necessary to ex-
plore every indication of mineralization, for otherwise valuable ore
may be missed.

The original copper deposits have undergone oxidation resulting
from the chemical action of surface waters, which circulated through
the ore bodies at a time preceding the beginning of glaciation but
practically ceased to circulate when glaciation began. No dif-
ference in the amount of oxidation has been noticed as the mine
workings were carried deeper into the mountains—that is, to the
1,750-foot level. As noted before, it is estimated that 25 per cent of
the ore mined is oxidized.

No other ore bodies comparable in size with those at Kennicott are
known in Chitina Valley, and none similar in size and richness have
been found elsewhere. Small bodies similar to those at Kennicott,
however, have been found at a number of places, as near by on Mec-
Carthy Creek and on Bowlder Creek; and although they have not
yet proved to be of economic value, they offer encouragement for
further prospecting.

The features of the Kennicott deposits that may be of assistance
to prospectors and should be kept in mind are (1) that the only
productive ore bodies so far found in the district are in the Chiti-
stone limestone; (2) that gentle transverse downfolds or synclines
in the Chitistone limestone should receive special attention, because
the folding may have been accompanied by the production of frac-
tures in the limestone favorable to the circulation of ore-bearing
solutions; and (3) that the most insignificant veinlets of copper

Fu
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minerals in the limestone should not be neglected, for experience has
shown that they may open out into large ore bodies.

It is not intended to imply that commercially valuable copper
ores are unlikely to be found in the greenstone or that downfolds in
the limestone are the only places favorable for ores. It can readily
be seen that openings of the same nature as those described may be
formed on the tops of anticlines, and that strong faults of almost
any kind may furnish the opportunity for ore-bearing solutions to
circulate. It is true, however, that copper deposits have not been
found in the overlying Nizina limestone, which underlies the Me-
Carthy shale.

Copper deposits in greenstone are found chiefly in the Nikolai
greenstone but occur also at several localities in basaltic flows of
the Strelna formation underlying the Nikolai greenstone. The lat-
ter deposits have not given much promise and for the most part re-
semble those in the younger flows. The copper deposits of the

.- Nikolai greenstone are in part contact-metamorphic deposits and in
- part.deposits produced by the action of heated circulating ground

waters.

Contact-metamorphic deposits are known at two places in this
region, both in Kuskulana Valley. The greenstone in the ridge be-
tween Clear and Porcupine creeks is intruded by a mass of granodio-
rite not readily distinguishable from the greenstone itself. Small
quantities of sulphide minerals, chiefly pyrite and chalcopyrite, are
nearly everywhere present in the intrusive rock, but near the con-

. tact with the greenstone the sulphides are much more abundant.

The pyrite and chalcopyrite are associated with magnetite, horn-
blende, and pyroxene. They occur as veins and as disseminated

“~ geposits which in places form small high-grade deposits but in gen-

eral are of low grade and could be mined only by handling a great
quantity of country rock.

Contact-metamorphic deposits occur also on MacDougall Greek
where the geologic relations are complicated and somewhat obscure,
but a large mass of light-colored quartz latite with associated por-
phyritic dikes was intruded into rocks that include Triassic lime-
stone and shale and possibly some of the older rocks. Large bodies

" of magnetite were formed, and in places the country rock, especially

the limestone, was SJllClﬁed and garnatlzed Veins containing pyrite
and chalcopyrite cut the country rock in this vicinity and apparently
represent part of the mineralization brought about by the intrusion.
Some of these veins, such as that of the North Midas mine, contain
gold and a considerable quantity of silver.
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It is characteristic of contact-metamorphic deposits that they are
irregular in form and variable in mineral content, so that the mining
of such deposits often presents more uncertainties than that of vein
deposits. Development work on MacDougall Creek has not met with
encouraging results, and work on Clear Creek has only disclosed a
large body of low-grade material that can not be mined profitably
under present conditions.

The more common copper deposits in the greenstone have the form
of veins, stockworks, disseminated deposits, and amygdules or fill-
ings of the gas cavities of basaltic flows. The term “ stringer lodes ”
has been applied to them. A brief consideration of the character and
structure of the greenstone wlll assist in understandmg the form of
these copper deposits,

The Nikolai greenstone, which contains most of these depesits, in-
cludes a great thickness of basaltic lava flows covering a large area
in Chitina Valley and possibly having a much greater extent than is
yet known. Individual flows range in thickness from a few feet to

several hundred feet, but the regularity of these flows is such asto: -

give the greenstone the appearance of bedded sedimentary rock.
Mineralogically and texturally the basalt shows great similarity
throughout the succession of flows and also in the individual flows.
As 1 rule the tops and bottoms of flows are not distinguishable by
textural features. Scoriaceous surfaces are not recognized, and gas
cavities are not especially characteristic of the tops of -the flows,-
although in a few localities this feature was noted.

The lava flows form hard, resistant rocks, and although every-
wheré chemically altered from their original condition, they are
much less soluble than the overlying limestone. They have been

folded in the same way and at the same time as the limeostens.buat: -

have reacted differently to the defonmng forces. -. Fhey have ac-
commodated themselves to deformation in part by behding and
faultipg but still more by breaking into innumerable blocks of vari-
ousg .sizes bounded by fracture planes whose slickensided surfaces
shay: movement of one block on another, even whers well-defined
fault planes are not present. Such fractures provided most intricate
channels for the circulation of mineral-bearing waters.

In the greenstone deposits are found bornite, chalcopyrite, pyrite,

chaleocite, malachite, azurite, native copper, silver-bearing tetrahe-
drite (pombly in part freibergite), cuprite, covellite, and chalcan-
thite, of which bornite, chalcopyrite, chalcocite, and pymte are most.
abundant. The copper minerals are accompanied in many placee
by quartz, epidote, and calcite.
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A study of a large number of prospects in the Kotsina-Kuskulana
district led to a separation of the copper sulphides in greenstone into
the following classes:®

Argentiferous tetrahedrite ores.
Chalcocite ores.

Bornite and bornite-chalcocite ores.
Bornite-chalcopyrite ores.
Pyrite-chalcopyrite ores.

These associations of minerals apparently represent the original
character of the deposits, and in the few places where other copper
minerals were found with the minerals in one of the above-named
classes it was fairly certain that the extra minerals were of later
origin.

A few of the copper deposits take the form of well-defined veins
of considerable extent. Such veins are found in the Strelna forma-
tion as well as in the Nikolai greenstone. By far the greater number

 of copper deposits are of the stockwork and disseminated types.

Mineral-bearing solutions in circulating through the greenstone
along available openings have deposited copper minerals and to a
certain extent have replaced the greenstone. These solutions also
penetrated into the greenstone walls adjacent to the channels and
deposited copper minerals that have no evident connection with the
main veins. In this way copper deposits were formed that are
notably irregular in form and uncertain in extent.

'The copper filling in the vesicles of lavas is chiefly native copper.
These amygdaloidal copper deposits are found at several localities,
of which the best known is that on Shower Gulch, at the head of
Kotsina River. Native copper is also found as thin sheets or as
slugs and irregularly shaped masses mingled with quartz in veins
ini the greenstone. In such places it appears to have resulted from
the alteration of earlier copper minerals. A third mode of oceur-
rence of native copper is with gold and silver in some of the stream
gravels. Placer copper has been found wherever streams cutting
rocks of the Nikolai greenstone have been worked for. gold and is
present in pieces that range in size from small shot to masses of
several hundred pounds or at one locality even more than a ton.
In the Nizina district copper has been recovered from the gold
placers and shipped to the smelters but has not been found in
paying quantities in bedrock.

* Silver-bearing tetrahedrite is known at only one locality on Kot-
sina River, where it occurs in a vein with chalcopyrite, galens, and a
gmall amount of bismuth-bearing mineral, probably bismuthinite.

s Mofiit, . H., and Mertie, J. B,, The Kotsina-Kuskulana district: U. 8. Geol. Survey
Bull. 745, p. 86, 1928, 3
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The copper deposits in greenstone are believed to have undergone
weathering and possibly alteration during the same period as the de-
posits in limestone. Like the deposits in limestone, they have not
been shown by mining development to change in character as they
are followed downward. No reason exists, therefore, for supposing
that copper deposits exposed at the surface will become either richer
or poorer below the surface. The surface exposures are dependent
on the accidents of erosion, which may have progressed only so far
as to expose the begmmng of an ore body or which may have ex-
posed a maximum cross section or removed all but the last traces of
the body. The first two possibilities are well illustrated by the con-
ditions at Kennicott. When the Bonanza mine was discovered a
large section of the ore body was exposed at the surface, and hun-
dreds of tons of high-grade ore that had been eroded from the ex-
posed vein lay in the talus on each side of Bonanza Ridge. The
deposit at the Jumbo mine, on the other hand, was little more than
indicated by surface exposures, and not until mining had proceeded
for some time was the immense size of that ore body disclosed.

GOLD.

Gold has been produced in Chitina Valley from both lode de-
pomts and placers. The productmn from the lode deposits, how-
ever, is insignificant in comparison with that from the placers, and
such gold as has been obtained from lodes so far has cost more
than its market value.

Gold-bearing veins are known in rocks of the Strelna formation;
in the Valdez group, which lies south of and adjacent to rocks that
are correlated with the Strelna formation in Hanagita Valley and the
mountains between Copper River and Tonsina Lake; and, iniithe -
Cretaceous shales of the Nizina district. .

It is believed that the gold was deposited during at least two
periods, of which one was earlier than that of the Upper Jurassic
(?) rocks east of Kuskulana River and the other necessarily later
than that of the Upper Cretaceous shales inclosing the veins of the
Nizina district. Possibly other periods are also represented. Evi-
dence for a period of gold deposition earlier than Upper Jurassio
is not complete. Possibly the gold-silver veins of Berg Creek are not
connected with the contact-metamorphic copper deposits near by on
MacDougall Creek but are of later age. If this is true the gold
deposits may eventual.ly prove to belong to iny one period.. -

All the gold veins so far discovered occur in rocks that are cut by
granodioritic intrusives, and although the dependence of one on the
other has not been demonstrated, the association is thought to be
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. significant. Mertie ® has shown the existence of such a relation in the

Yukor and Kuskokwim regions, and its existence in this district
is probable.

The gold-bearing veins have not been explored suﬂiclently to war-
rant a separation into distinct types, yet differences in manner of
occurrence are apparent. The silver-gold deposits of Berg Creek
have been mentioned. They occur as veins of iron and copper sul-
phides with a little quartz and are found in a body of porphyritic
granodiorite. Pyrite is the prevailing sulphide, but chalcopyrite is
present and shows -an iridescent stain where weathered. Mill tests

" “have shown that the richest ore comes from oxidized parts of the

veins and that silver predominates largely in quantity over the gold.

A promising gold vein on Benito Creek near the trail from Strelna
to Elliott Creek consists of quartz and a subordinate quantity of
coarsely crystalline calcite, with which are associated chalcopyrite,
bornite, pyrite, and free gold. Stains of azurite and malachite have
resulted from the oxidation of the copper sulphides. Tlns vein is
in rocks of the Strelna formation.

The gold-bearing veins of the Valdez group, such as those found
along the lower Copper River and the Valdez road, consist of quartz
carrying arsenopyrite and free gold. Galena is present in places.
These veins cut slate and graywacke and are associated with light-
colored dikes of diorite porphyry. Some of them have yielded small
quantities of rich gold ore, but development work has always shown
that the high-grade ore is irregularly distributed. Although such
ores have furnished fine specimens, no considerable quantity of gold
has yet been found, and none of the deposits have been worked
profitably.

The gold-quartz veins in the Cretaceous shales of the Nizina dis-
trict contain pyrite and free gold with locally some molybdenite and
probably some stibnite. Galena, cinnabar, barite, and marcasite may
also be present, for they are found in the creek gravels. A small

. - vein on Rex Creek was found to consist of quartz with molybdenite
" and.pyrite and assayed 0.18 ounce of gold and 12.80 ounces of silver

to the ton. A dike rock near this vein seemed little altered and con-
tained pyrite with traces of both gold and silver. These occurrences
are cited to show the evidence for a local source of some of the gold
in the creek gravels and to indicate that prospecting for gold lodes
may be justified.

Gold placers in this district have been mined profitably only in
the drainage basins of Dan and Chititu creeks and on a tributary
to the north branch of Bremmer River south of Chitina Valley.

“Mertie, J. B., The occurrence of metalliferous deposits in the Yukon and Kuskokwim
reglons: U, 8. Geol. Survey Bull. 739, pp. 148-165, 1922,
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In the Dan-Chititu area the placer gold has been derived from gold-
bearing veins in the Cretaceous shales; and in the Bremner ares.from

veins in rocks of the Valdez group, some of which have been' pros-

pected.

The gold of Dan and Chititu creeks and their tributaries is asso-
ciated with native copper and native silver. Native copper, however,
does not accompany the gold on tributaries like the upper part of
Rex Creek, where the Nikolai greenstone is not exposed and where
foreign gravels derived from the greenstone farther east, in Chitima
Valley were not brought in by the glaciers.

One feature of the gold placers that deserves special eonsideration
is that the most productive gravel is that in which a concentration
of gold from bench gravel has taken place. The deep bench gravel
of both Dan and Chititu creeks contains gold. Prospecting tunnels
have been driven in numerous places to test this gravel, and it has
been mined on both Dan and Chititu creeks. The bench gravel
itself may contain older creek gravel with concentrations of gold.
A well-defined old channel considerably above the present. ereek

level follows the mountain slope south of Dan Creek. Its buried

creek gravel carries gold and has been mined in a small way for a
number of years.

Most of the gold in the bench gravel is concentrated near bedrock
or in places on “ false bedrock ” at' different distances above true
bedrock. It is enly these richer parts of the bench gravel that have
been mined. Possibly the upper part of the bench gravel is too
poor to be mined for its own gold content, so that the cost of its
removal must be borne by the lower and richer gravel when the time
comes for exploiting the benches.

The deep bench gravel was trenched and parts of it were removed
or are being removed by the present streams. During this process the
gold in the reworked gravel received & further concentration, with the
resudt that the creek gravel is much enriched. Reconcentration of
gold from the deep bench gravel into present stream gravel is com-
mon in many parts of Alaska, and the knowledge of this process
should lead the prospector to give special attention to those locahtws
where streams are seen to be: reworkmg bench gravel.

SILVER.

The occurrence of silver has been mentioned in considering copper
and,gold. Silver occurs in this district in association with the copper
ores of Kennicott, where it is present to the amount of 14 to 16 ounces
to the ton of high-grade ore; in the pyrite-chalcopyrite veins on Berg
Creek; in the tetrahedrite veins on Kotsina River; and as native
* silver associated with native copper-and gold in the gold placers of

fap
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the Nizina dmtnct. Samples taken from gold-bearing veins in dif-
fﬁamt parts of the district commonly contain some silver.

For the purpose of this paper it is not necessary te. discuss the

mlver recovered in smelting the copper ores of Kennicott, as that is
plainly a by-product of copper mining.
.- The claims on Berg Creek were staked and prospected for copper,
but th_e veins now being mined were found on exploration to be worth
more in gold and silver than in copper. Later, when the mill was
started, it was learned that silver predominated largely in quantity
over the gold.

Silver is the only metal in the silver-bearing tetra.hednte veins of
'Kotsma River that may have a commercial value, but exploration of
the veins has not progmssed to the stage where their value has been
demonstrated. The veins are apparently in rocks of the Strelna for-
mation but are close to the Nikolai greenstone and not more than a
‘third of a mile from a mass of granodiorite which intrudes the Strelna
rocks. The country rock inclosing the deposits is much shattered and
faulted. The veins consist of a quartz gangue contammg tetrahe-
drite, galens, azurite, and malachite. Bismuth is present in tiny
veinlets of bismuthinite (?) cutting the tetrahedrite. No similar
veins. have been found elsewhere in Chitina Valley.

Nuggets of silver and also of copper and silver (* half breeds )
are frequently found in the sluice boxes on Dan and Chititu creeks,
One of the largest silver nuggets from the Nizina district known to
the writer was found on Chititu Creek and consisted of a mass of na-
tive silver and quartz weighing 7 pounds. Other large nuggets have
been found, and some of them may have been even larger than the
one mentioned. Silver is not likely to be produced from placers in
this district except as a-by-product in the mining of placer gold. No
evidence is known to indicate that silver is anywhere present in com-
mercial placers. Doubtless the copper will be sought in the placer
gravel before silver, if it ever becomes profitable to mine either metal

. where gold is not present.

Mot SUMMARY.

Copper, gold, and silver are being mined in Chitina Valley. Prac-
tically all the copper so far produced has come from deposits in the
Chitistone limestone at Kennicott. Practically all the gold has been
taken from the gold placers of Dan and Chititu creeks. Silver is an
important constituent of the ores from Kennicott, is present in the
gold placers, and has been recovered from one vein deposit.

The only producing copper mine is in the basal beds of the Chiti-
stone limestone, but copper deposits also occur in the basaltic lava
flows of the Nikolai greenstone and in similar basaltic lavas of the
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Strelna formation, which underlies the Nikolai. Experience gained
from mining and from a consideration of the known occurrences of
copper minerals indicates that the most favorsble horizon in the
Chitistone limestone for copper deposits is in the beds near the
Nikolai greenstone. This conclusion, however, is not universally
applicable, for the original outcrop of the Mother Lode mine, now
being exploited by the Kennecott Corporation, was many hundreds
of feet stratigraphically above the base of the limestone, possibly
near the middle of the formation. A few copper deposits in green-
stone occur as well-defined fissure veins, but by far the greater num-
ber were formed by the deposition of copper minerals in preexisting
openings or by the replacement of the wall rock along irregular and
intrieate systems of fractures.

- {Gold and silver are found in the formations ranging from the tuff,
]imm‘tone, shale, and basalt flows of the Strelna formation to the
Cretaceous shales. Gold is produced ‘chiefly from placer gravel, and
‘silver, from the silver-bearing copper ores of Kennicott, but both
metals are being produced from vein deposits, so that the expecta-
tion of finding other gold-silver veins is reasonsble. The probable
dépemdence of gold-silver mineralization on the intrusion of grano-
dioritic rocks should be kept in mind in prospecting for placer de-
posits as well as for veins.

‘Prospectors searching for copper or gold lodes in this district

should not expect a necessary or probable increase in the value of ore
deposits:at depth, for in general the original zone of oxidatiorr and
enrichment was largely removed during the period of intense glacia-
tion.  The depth of the ore body and the vertical distribution of
hxgh-gmde ore are likely to depend primarily on the accidents of
erosion. Thenchmtpartofthelodemashkelytobeexpoaadattha
surface as the poorest.
.+ Furthermore, the prospector for placer gold should pay particular
attemtion to deep gravel which is being reworked by present streams,
for this process at many Alaskan localities has resulted in a recon-
centration of low-grade deposits and the formation of valuable
placers.



GEOLOGY AND MINERAL RESOURCES OF THE REGION
TRAVERSED BY THE ALASKA RAILROAD.

By StepaeN R. Carrs.

INTRODUCTION.

On the completion of the bridge across Tanana River, in March,
1923, the Alaska Railroad, begun in 1915, was opened for direct
traffic between Seward, on the Pacific coast, and Fairbanks, in the
heart of central Alaska, a distance of 468 miles (fig. 1). Rarely has
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F160z8 1.—Index map showing location of the reglon traversed by the Alaska Rallroad.

the construction of a railroad of this length so profoundly affected

a region so large, for not only is the country adjacent to it served,

but. those great navigable rivers, the Yukon, Tanana, and Koyukuk,

are all connected by boat service with the railroad at :Nenana and

Fairbanks, and the time and expense required in transporting pas-
L 73
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sengers and freight to the basins of these streams have been greatly
decreased. Perhaps the advantages of direct rail connection with the
coast will be appreciated by none so much as by the pioneers of the
Yulkon basin, who, in spite of the handicaps of Elow river transporta-
tion in summer and almost complete isolation in the winter, have
endeavored to develop the resources of the basin. A few years ago
the Fairbanks mining man who had purchased supplies in Seattle
during the winter or spring was unable to land them on his property
much before the end of June, for it required three weeks or more to
make the journey by way of Skagway and the upper Yukon, and
that river is not navigable until it runs free from ice in the spring.
Now it is possible to land a shipment at Fairbanks in half that time
from Seattle at any season of the year. Not long ago the trip from
Nenana to Seward by way of Broad Pass meant weeks of severe
physical exertion over a trailless country by pack train in summer,
or a hard, long trip by dog sled in winter. For weeks in the spring
during the “break up ” and in the fall during the “ freeze up ” the
trails are prwtwa.]ly impassable to all travel. Now the journey can
be made in a few hours in comfort. Before the railroad was com-
pleted the miner in interior Alaska who in the spring or summer
suddenly found that he needed machinery which could be obtained
only by sending to Seattle had often to resign Mimself to the fact
that he could not supply his needs in time to take advantage of the
short summer season that year. Now only two or three weeks may
be necessary before his order is delivered to him. The effects of the
stimulus of better transportation are already evident. Ore ship-
ments from the Yukon basin, even from points so far east as the
Canadian side of the international boundary, are being diverted to
the new railroad. Passenger travel that formerly followed either
the upper or lower Yukon on the trip between Seattle and interior
points now goes by way of the lower Tanana River and the railroad.
By the broadening of markets farming and stock raising have been
encouraged. Many mines that were once unprofitable can now be
operated at a profit, and prospects that were worthless owing to the
lack of transportation may now become paying mines.

The population now served by the railroad is no index of the
number of people this region may some time support, for the rail-
road has been in operation too short a time to do more than start
the intensive development of the country. No one questions that
central Alaska will ultimately expand its mining industry, for it
contains much placer ground, too lean to yield the rich, quick profits
demanded in the days of honanza mining, that will be exploited by
the Jow-cost quantity methods of the dredge, the steam seraper, and
the hydraulicmozzle. In the past lode mining in this region has been
largely: confined to localitjes that lay near routes of watér trans-

LI
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portation. The cost of transporting heavy machinery and supplies in
a rosglless country was too great to be borne by small lodes of medium
grade.  Now rail transportation will make it possible to place mining
and milling machinery on lodes that have heretofore not warranted
such an expenditure. The agricultural population of this region,
however, may sometime outstrip in numbers that employed in
mining.. Mineral resources, even in a country rich in its mineral
deposits, are exhaustible, whereas farm lands may produce in-
definitely. It so happens that the Alaska Railroad touches the two
districts in Alaska that are farthest advanced in their agricultural

- development—the Knik Arm-Matanuska district and the Fairbanks

district. In each of these districts it has been conclusively dem-
onstrated, by farming for several successive years, that properly
selected: crops can be matured, that stock can be raised, and that a
livelihood can be gained by tilling the soil.

The 1920 census report shows that in 1919 crops f:rom 4473
acres, valued at $393,902, were harvested in Alaska. In 1921 some

_ 8;500 bushels of spring wheat, of good milling quality, was harvested

in the Fairbanks district and about 1,000 bushels in the Matanuska
district. It is estimated that the Tanana Valley contains 640,000
acres of land available for agriculture, and that in the Cook Inlet-
Susitna region 1,296,000 acres is suitable for farming without costly
drainage. It is therefore obvious that only a very small fraetion of
the agricultural land in this region has been taken up, and that
farming will increase as rapidly as the Alaska market for farm
products develops. To be sure, the market for the crops raised in
these districts has been mainly limited to such adjacent regions as
were readily accessible. The railroad has now widened these markets,
bat the main outlet for Alaska farm products, except livestock, is
likely to continue-to be found in Alaska consuming centers. Stock
raising in"Alaska is believed by many to offer great possibilities for
profit. Domesticated reindeer have for many years been successfully
raised and furnish beth food and clething to their owners.” Some
reindeer meat has been shipped to the United States, and it is likely
that a large market for this meat may be developed. There are now
said to be more than 200,000 domesticated reindeerin Alaska,and those
qualified to judge estimate that the Territory has sufficient pastur-
age to support many millions of these animals. A very large area

-of land in the vicinity of Broad Pass, tributary to the Alaska Rail-

road, has already been shown to be adapted to reindeer rlnsing Ex-
periments have been made to determine whether or not the raising of
cattle, sheep, and hogs can be carried on successfully in Alaska, for
there are large areas in this region over which wild grass grows
luxuriantly. ‘There is no question that the native grasses will
furnish excellent grazing during the summer, but the Alaskan sum-
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mer is short, and the winter season, during which the animals
would have to be fed, is long. It is likely that in time, by breeding
hardy types of ammals and by the use of ensilage made from wild
grass, that cattle, hogs, and sheep can be raised successfully in
favorable places in the Territory.

The n:unmg industry within the region tributary to the Alaska
Railroad is certain to expand under the present improved conditions
of operation and marketing. In fact, the operation of the coal
mines of the Matanuska Valley and of the smaller mines along the
railroad route was impossible until rail transportation was available,
for the railroad furnishes the only means of moving the coal to mar-
ket and at present is itself the principal consumer of the coal pro-
duced. It is expected that eventually the Matanuska mines will
supply coal for coaling stations on the Pacific, to serve vessels in the
trans-Pacific and coastwise trade, and thus support a greatly in-
creased mining population.

It is not yet possible to predict accurately which metal-mining
regions will be the first to respond in a large way to the stimulus of
railroad transportation, but many districts have already been greatly
helped, and the beneficial effect will be cumulative. The Willow
Creek gold lode district has always profited by it accessibility to

. water transportation during the summer but now has the added ad-

vantage of year-round transportation by rail. The Yentna district,
always hampered by high freight costs and by a bad summer trail,
can now be reached at any time over a road from the railroad at
Talkeetna,. The Iron Creek prospects, in the Talkeetna basin, here-
tofore too remote for development at a reasonable cost, can now be
made accessible by a road, some 40 miles in length, from Talkeetna.
Similarly, the lode district of the West Fork of Chulitna River, the
Valdez Creek gold placer district, and the placer and lode mines of
the Nenana basin and the Kantishna district are all greatly helped
by the completion of the railroad, but they will receive the fullest
possible benefit only when wagon roads conneeting the mineral de-
posits with the railroad are completed. The Fairbanks district is
already enjoying the advantages of frequent and easy contact with
the..coast and lower freight charges, and to a lesser degree these
advantages extend to all the central Alaska mining districts that are
connected with the railroad through the Yukon and its navigable
tributaries, The Tolovana gold placer district is now indirectly
connected with the railroad by wagon road and boat service, and the
Hot Springs district, which contains gold placers and  promising
tin deposits, will profit by its steamboat connection’ with the rail-
road. Asa whole, the area served directly and indirectly by the new
railroad is rich in mineral wealth. Under the primitive transporta-
tion facilities of the pastithis area has produced minerals worth
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$160,000,000. In 1922 the country immediately tributary to the rail-
road.produced gold, silver, and coal worth $2,034,210 and in addi-
tion a small amount of lead, copper, and tin, and if the larger area
indirectly benefited by the railroad is included, the production of
minerals in 1922 was worth over $3,000000

Gold mining has been carried on in Kenai Peninsula for many
years, ' In 1922 the output was about $40,000.

The Willow Creek lode district, north of the head 0f Knik Arm,
has produced over $2,000,000 worth of gold in the last decade and
in 1922 yielded $239,500 in gold and silver. The Matanuska coal
field, served directly by a branch line of the railroad, yields a high-
grade coal for railroad and industrial uses. The Yentna placer dis-
trict, now connected with the railroad by wagon road from Tal-
keetna, produced gold worth $223,000 in 1922. There are many
promising undeveloped copper and gold lodes in the:Talkeetna
Mountains and the Alaska Range south of Broad Pass, and gold
placer gravels have long been mined in the Valdez Creek district.

The railroad crosses the Nenana lignite field, whose reserves are
estimated at over 9,000,000,000 tons. Already coal from this field
has reduced the cost of mining in adjacent districts, The Kantishna
district, 60 miles west of the railroad, has valuable placer-gold de-
posits, as well as promising gold, silver, and lead lodes.

The Fairbanks district, at the inland terminus of the railroad,
has since its discovery produced $73,686,976 worth of minerals,
mostly in placer gold but including lode gold, antimony, tungsten,
silver, and lead. Its gold output in 1922 was valued at $693,000,

In 1922 the Tolovana district produced minerals worth $222 000,
and the Hot Springs district $55,000, mainly placer gold.

The completion of the railroad will greatly benefit both Alaska
and the general public by making the Mount McKinley National
Park accessible to travelers. This great park, established in 1917
and enlarged in 1922, now includes an area of over 2,600 square
miles, comprising that portion of the Alaska Range that culminates
in Mount McKinley, 20,300 feet above sea level, the loftiest peak
on the.continent. Flanking Mount McKinley to the south and east
are great numbers of unnamed and unexplored snow-capped peaks,
drained by a multitude of glaciers. The crest of the range is ap-
proachable from the north through many delightful valleys, the
natural range of thousands of bighorn sheep and caribou, numerous
bear .and moose, and & great variety of fur-bearing animals. This
park affords the visitor a remarkable opportunity to study a sec-
tion of our fast disappearing wilderness, here fortunately preserved
before the approach of civilization had brought about the destruc-
tion of its wild life. The east edge of this park lies close to the
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railroad in Nenana Valley, and the eonstruction of a single road
already’ projected from the railroad to the Kantishna mining-:dis-
trict will make easily accessible 100 miles of a magnificent mountain
range, ‘a score or more of sheltered valleys, numberless unconquered
peaks and glaciers to call the mountaineer, and a familiar contact
with many of our noblest big-game animals. As a permanent asset
to the Territory of Alaska and to the Nation, this park is likely to
exceed in value even the richest of the mining districts, for all
mines will sooner or later be exhausted, but the usefulness and value
of such national recreation grounds will increase indefinitely through-
out the years.

Although the railroad has already greatly improved transporta-
tion throughout a great area in central Alaska, its benefits to the
Territory and 'its opportunities for usefulness are still limited by
the difficulties of travel to the railroad from the many outlying
mining and agricultural districts. As constructed, the railroad
traverses a wilderness that was almost entirely devoid of trails
and roads. Until roads are built from the mines and farms' to
the railroad the products of these districts can not move freely; and
the railroad can not fully meet the needs for which it was designed.
A vigorous program of road construction has*been started by the
Alaska Road Commission, the Bureau of Public Roads, and the Ter-
ritorial Road Commission, and although much still remains to be
done; many roads are already completed or well advanced.

In past years the casual tourist to Alaska has been limited to
travel by the few routes over which he could procure regular trans-
portation, and these routes were largely water routes. From Seattle
regular steamship schedules were maintained along the coast by way
of the “inside passage” to Skagway and thence westward to Prince
William Sound and Cook Inlet ports. From Cordova the Copper
River & Northwestern Railway runs inland 196 miles to the Ken-
necott-mines, and from that railroad at Chitifia & road, over which
an automobile stage was operated in summer and a horse-drawn
stage in winter, extended to Fairbanks. From Skagway the White
Pass & Yukon Railroad crosses the mountains to the headwaters of
Yukon River, and on that river and its larger tributaries there was
regular steamboat service during the ice-free season. Summer serv-
ice was also maintained by steamship from Seattle to Nome. The
regular steamship routes were supplemented by smaller boat lines
at various places. It will thus be seen that the only regular main
lines of transportation in Alaska were confined to boat service on
the coast and on the larger navigable rivers, except for the Copper
River & Northwestern Railway, and the stage road between Chitina
and Fairbanks.. During the winter steamship sailings to Bering
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Sea and upper Cook Inlet ports and all boat service on the rivers
are suspended on account of ice.

The opening of the Alaska Railroad has now made possible an
easy summer tourist trip that includes a great variety of scenery
and s large area of country, a trip that could formerly have been
reade only at a much larger expenditure of time, money, and effort.
The traveler can now leave Seattle or Vancouver on a comfortable
ocean steamer and journey northwestward along the “inside pas-
sage” past Vancouver Island and through the picturesque and
ruggéd Alexander Archipelago to Skagway, the ocean terminus of
the White Pass & Yukon Railroad. A daylight trip of 112 miles
across the coastal mountain range will bring him to the town of
‘White Horse, Yukon Territory, at the head of river navigation in
the Yukon basin. There river steamboats begin the long down-
stream journey through Lake Lebarge and Lewes River to the
Yukon, past the mouth of the turbid, glacier-fed White River to

~ Dswson, at the mouth of Klondike River. Continuing downstream

he stops at the old settlements of Fortymile, Eagle, and Circle and
crosses the Arctic Circle at Fort Yukon, at the great. northern bend
of the Yukon. ' From Fort Yukon the river flows in many branch-
ing ehannels through the Yukon Flats to the site of old Fort Hamlin,
whence, once more confined to a single deep gorge bordered by high
rock bluffs, it follows its devious course to the town of Tanana, at
the mouth of Tanana River. At this point the route leaves the
Yukon and ascends its largest tributary, the Tanana, to Fairbanks,
the center of the great Fairbanks gold-mining district and the
lnrgest town of interior Alaska.

All the journey just outlined has been possible for the last 25
yqarg but to complete the trip from Fairbanks back to Seattle has
heretofore required either a slow upstream return journey by the
same route; a continuation of the down-Yukon trip through monoto-
nous lowls.nds to the river mouth and St. Michael, thence to Nome,

- apd by ocean steamer to Seattle; or a stage journey by automobile
o horse-drawn sled to Chitina, on the Copper River & Northwestern

Railroad, and thence by rail to Cordova and ocean steamer to Seattle.
Now the traveler can take the train on the Alaska Railroad at
Nenana or Fairbanks and travel southward, stopping off if he de-
sires at the Mount McKinley National Park, cross the Alaska Range
through Broad Pass, and follow down Chulitna and Susitna valleys,
with the Talkeetna Mountains on the left and the great sweep of
the Alaska Range on the right, dominated by Mount McKinley,
America’s loftiest mountain. The traveler then goes around the
head of Knik Arm through the agricultural lands of lower Mata-
nusks Valley and thence southwestward to Anchorage, on Pacific
76813°—24—6
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waters, & summer port on the long Cook Inlet embayment. At
Anchorage alternate routes are available to Seward, either by con-
tinuing the railroad journey through the Chugach Mountains,
skirting Turnagain Arm and going through the Kenai Mountains
and past great valley glaciers to Seward, or by taking an ocean
steamship down Cook Inlet and around the shores of Kenai Penin-
sula. From Seward coastwise vessels call at Prince William Sound
ports, skirt the base of Mounts St. Elias and Fairweather, with their
great piedmont glaciers, and enter the inside passage throngh Icy
Straits, to return by the route already outlined past Juneau, Wran-
gell, and Ketchikan.

The trip here suggested, comprising a great loop, has the adnm
tage of giving the traveler in a single journey at least a.glimpse of
the many varied types of country, climate, and vegetation to be
found in Alaska. He leaves the heavily timbered islands of the
coastal region, with its temperate and somewhat rainy climate, to
cross the rugged snow-capped coastal mountains and enter the dry
sunny valleys of the interior. The Alaska Range offers splendid
glaciated mountains teeming with wild life; the Susitna basin
reveals wide timbered lowlands with lofty bordering ranges; and
the coastal mountains with their intricate fiords, tidal glaciers, and
towering snow peaks present the forbidding barrier along the ocean
front that has so long helped to establish the common misconception
that Alaska is entirely a forbidden land of mountains, ice, and snow.

GEOGRAPHY.

‘In the journey from Seward, at the coastal terminus of the Alaska
Railroad, to Fairbanks, the mland terminus, the traveler passes
th.rough parts of at least six distinct geographic and geologic prov-
inces and near the edge of a seventh. These provinces differ from
one another in the essential features of surface form, climate, soil,
and vegetation, as well as in geology and minéral resources. As
each of these features has a direct bearing upon the proper utiliza-
tion of any area, and as the combination of them in each particular
district will determine the kind and 1nten51ty of its future devalop-
ment, it seems proper to describe these provinces separately. -

CHUGACH AND KENAI MOUNTAINS.

For the last 18 miles of the voyage from Seattle to Seward the
steamship travels northward up the narrow embayment of Resur-
rection Bay, a glacial fiord that heads well back in the rugged Kenai
Mountains. These mountains, together with their northward and
. eastward extension, the Chugach Mountains, und the St. Elias Range,

still farther east, form the great coastal barrier that gives Alaska
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.so forbidding an aspect as viewed from the Gulf of Alaska. These

coastal ranges are characterized by high, rugged peaks and extensive
show, fields and glaciers, and on Prince William Sound and south-
eastern Kenai Peninsula by an extremely irregular and intricate
shore line indented by deep and narrow glacial fiords. Some of the
largest North American ice fields, Malaspina and Bering glaciers,
the St. Elias ice cap, and the great ice cap southwest of Seward, lie
in this belt, and at many places great ice lobes push down to tide-
water and discharge bergs into the sea. The steamship voyage
along the rim of the Gulf of Alaska in clear weather gives a pano-
rama of magnificent subarctic mountains and glaciers that can
searcely be matched elsewhere.

The climate on the immediate border of the Gulf of Alaska is
surprisingly mild, for it is tempered by the nearness of this area
to the warm Pacific waters. At Cordova the winter temperature in
many years does not fall to 0° F. At a short distance back from the
coast and into the mountains, hewever, there is a great change in the
climate, with much more severe winters. The coastal mountains in
general have a heavy precipitation, and much of it falls as snow,
which accounts for the much greater development of glaciers near
the coast than in equally high mountains in the interior. From
Resurrection Bay and the Alaska Railroad the great ice cap of
Kenai Peninsula is indicated mainly by the glacial tongues that
stretch down toward tidewater from it. In northern Kenai Penin-
sula, however, the railroad passes close to the foot of two fine valley
ice lobes, Bartlett and Spencer glaciers, and within sight of Portage
Glacier. -

The name “ Kenai Mountains” is used to designate the mountains
on Kenai Peninsula, which is limited on the north by the constric-
tion between Turnagain Arm and Portage Bay. The position of
these bays, however, is due merely to the accidents of glacial erosion,
the Chugach Mountains, to the north, and the Kenai Mountains be-

. ing continuous with one another in both the character and the struc-
2 -tupe of their rocks. They are here included as belonging to a single

gveogmphxc province.
On the journey inland from Seward the traveler goes northward

some 50 miles through the Kenai Mountains to Turnagain Arm, en-
circles; the head of that embayment, follows the abrupt and cliﬂed
shore of the Chugach Mountains, and leaves the mountains to enter
the second geographic province, the Cook Inlet-Susitna lowland.

COOK INLET-SUSITNA LOWLAND.

The Cook Inlet embayment, including Knik Arm, is an arm of the
Pacific that extends 200 miles into the body of Alaska and with the

lower portion of the Susitna basin constitutes a great structural de-

s
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pression bordered on all sides except the Pacific by high mountains.
This depression, including the inlet itself and the bordering low-
lying aress, is here termed the Cook Inlet-Susitna lowland. -1t
forms a province distinct in topography, soil, vegetation, climate,
geology, and possibilities of development from the surrounding
mountainous areas and is one of the most promising areas in Alaska
for agriculture and stock raising.

In contrast to the bordering mountains, which are composed of
hard rocks, the underlying materials in this lowland are mainly
unconsolidated or only loosely cemented (Pl I), so that the land
forms take on smoothed, rounded shapes generally free from sharp
peaks and abrupt slopes. The late geologic history of the lowland is
that of constructive rather than destructive agencies, for the low-
land has received the land waste removed from the surrounding
highlands by streams and glaciers. The bench lands and inter-
stream areas are-largely floored with unstratified glacial débris and
with gravel left as outwash from the great glaciers that formerly
filled this basin. Aggradation or filling is still actively in progress
in upper Cook Inlet through the discharge into tidewater by Su-
sitna, Matanuska, Knik, and many other rivers of large quantities
of gravel, sand, and silt, supplied to these streams by the glaciers in
which they head. In this way upper Cook Inlet is slowly being
filled in, the deltas of the larger rivers are creeping seaward, and the
lowland areas are being enlarged at the expense of the water areas,
This slow shrinkage of the area of Cook Inlet is somewhat offset
by the wave activity in cutting back the shore cliffs in places, but
the result of wave cutting also is to fill in the low places of the basin,
with a constant though slow reduction in the volume of salt water
in the Cook Inlet embayment.

The traveler going through this lowland by train gets the impyes-
sion of an alternation of tracts of rolling country of moderate alti-
tude, timbered by medium-gized spruce and birch trees and crossed
at intervals by stream valleys trenched 100 feet or so beneath the
general level, with broad open marshy tracts studded with lakes -
or ponds, containing only scattered groves and clumps of trees, and
with ill-defined and shallow stream valleys. Around Enik Arm and
in Matanuska Valley the land that has been cleared and developed
for farming is for the most part high and fairly level bench land
having a rather shallow soil everlying glacial ontwash gravel. This
land was naturally well drained and was easily cleared and prepared
for the plow. In many large tracts, however, especially in the lower
Susitna Valley, extensive drainage projects will be necessary before
the land can be cultivated.

In certain well-drained portions of the lowland, especially near its
upper edges and on the lower slopes of the surrounding niountains,
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there is a remarkably luxuriant growth of native grasses, in thick
stands that in places reach a height of 5 feet or more. This grass,
under favorable weather conditions, can be cut and cured to hay of
good quality and affords excellent forage for stock. Without doubt
it will sometime be used for raising stock on an extensive scale.

Above the junction of Talkeetna and Chulitna rivers with the
Susitn& the Susitna lowland narrows, 18 broken by ridges of hills,
and loses its basin-like aspect. The structural basin between the
Talkeetna Mountains and their northward extension, on the east,
and the Alaska Range, on the west, persists, however, to Broad Pass,
though it can not there be properly termed a lowland.

TALEEETNA MOUNTAINS.

On the northward journey from Anchorage to Matanuska River
the Chugach Mountains rise steeply on the right. At the town of
Matanuska the main line turns westward, to skirt the west base of
another range, the Talkeetna Mountains. The traveler can catch
a glimpse eastward up Matanuska Valley, a prominent glaciated
valley, without realizing that it marks the bordér line between two
great mountain ranges, the Chugach on the south and the Talkeetna
on the north. Indeed, if the question were to be decided upon sur-
face forms alone, there seems to be less reason for separating the
mountains on the two sides of this valley into separate ranges than
for using Knik River valley or some other stream trough as a di-
viding line. A study of the geology, however, both as to the rocks
themselves and as to their structure, shows that the Chugach Moun-
tains and the Talkeetna Mountains are composed of very different
materials, have had widely different histories, and have properly
been: given distinct names. The geology of the Talkeetna Mountains
is described on pages 91-98, but it may be stated here that in the
Chugach Mountains the rocks are dominantly of sedimentary origin
and their general structure is parallel with the axis of the range,
whereas in the Talkeetna Mountains the rocks are mainly igneous
and have no pronounced structural trend. Erosion of these two
classes of material has produced very different effects upon the
topography, and the granitic rocks of the Talkeetna Mountains
show an extremely rugged sky line, with sharp peaks and ragged,
pinnacled ridges in the higher parts of the range.

. Although glaciers exist in the headward portions of many valleys
in the Talkeetna Mountains, this mountain mass lies behind the
cogstal barrier ranges and has a relatively light precipitation, so that
ite_glaciers, as compared with the great ice fields of the coastal
mounteins, are small. The size of the present glaciers, however,
is mo measure of the effect that glacial erosion has exercised in
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sculpturing the mountains to their present form, for the existing
glaciers are only the shrunken remnants of the enormously greater
iee fields that occupied this part of Alaska in glacial time. Then the
Talkeetna Mountains were so deeply buried in ice and snow that only
the highest peaks and ridges projected above the glacier’s surface,
At that time the entire basin of Susitna River and also the Copper
River basin, to the east, were filled with enormous glaciers that ex-
tended well down the Cook Inlet depression. The movement of these
great glaciers was largely controlled by the preexisting land forms,
the ice in general following the valleys of the preglacial streams,
but the erosive effect of these ice masses, hundreds and even thou-
sands of feet thick and shod with effective grinding tools in the form
of fragments, blocks, and boulders of rock, was profound. The
mountains now retain a conspicuous glaciated topography, charac-
terized by wide, open U-shaped valleys with hanging tributaries,
glacial cirques and lakes, and many other evidences of the agencies
by which they were sculptured.

. COPPER-SUSITNA BASIN.

East of the Talkeetna Mountains lies another great basin' region,
of a complex geologic and physiographic history, many details of
which still remain to be worked out. This basin is mainly tributary
to Copper River, but a considerable area of its northwest corner
drains into the Susitna, and a small portion to Bering Sea by way
of the headwaters of Nenana River. This is not the place for a
general description of the Copper River basin as a whole, for most
of it lies east of the region here under discussion, but a considerable
area in its northwestern part, mainly in the Susitna drainage basin,
lies within this region. The headward tributaries of the main
Susitna River derive their waters from the east and northeast slopes
of the Talkeetna Mountains, from a portion of the south slope of
the Alaska Range, and from a number of isolated groups of hills
and mountains that rise through a broad expanse of glacial and
alluvial deposits. The basin areas between and around these higher
land masses can not properly be called lowlands, for their altitude
ranges from 2,500 to 4,000 feet above sea level, but they are sur-
rounded by much higher mountains, relative to which they are low.
Their surface is generally more or less rolling, covered with scattered
spruce timber, and dotted with a myriad of small lakes. - In most
places the major steams have intrenched themselves into the uncon-
solidated basin deposits. Like the Cook Inlet-Susitna lowland, the
Copper-Susitna basin is mainly floored with detritus brought down
to it by the glaciers that once poured into it from the mountains on
all sides'and with gravel laid down by the torrential streams that
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drained from those glaciers. The details of the ancient drainage
bave not yet been worked out, but sufficient facts are at hand to sug-
gest strongly that at some past time the upper Copper River basin,
above Woods Canyon, drained to the sea by way of Susitna River,
and the old course of the river valley may have been along the upper
Nenana and Chulitna valleys. There is reason to believe that the
present Susitna Valley for some distance above the mouth of Indian
River is postglacial.

The relatively high altitude of this portion of the Copper-Susitna
basin, with its shorter growing season and more frequent frosts,
makes this area unpromising as farming land. It would, however,
support many grazing animals in the summer season, and it is be-
lieved to have important possibilities as a range for reindeer.

ATLASEA RANGE.

The Alaska Range comprises a great crescentic belt of rugged and
glaciated mountains that sweep northward from the base of the
Alaska Peninsula to Mount McKinley and extend thence eastward
and southeastward, continued by the Nutzotin Mountains, to Cana-
dian territory. As thus defined the range has a length of nearly 600
miles and an average width of 50 to 80 miles and so constitutes one
of the great physiographic features of North America. It is visible
on the west from the railroad throughout the Susitna and Chulitna
valleys and is crossed by way of Nenana Valley between Broad Pass
and Nenana. Of particular interest to the traveler is Mount Mec-
Kinley, to be seen on clear days from favorable points in the Susitna
and Tanana basins. This majestic snow-clad peak has an altitude of
20,300 feet, thus surpassing in height all other mountains on the con-
- timgnt. , It forms the central object in the Mount McKinley National

Park, which, includes & great area of the finest scenery west of the
railroad: In a general way the range forms the watershed between
the southward-flowing Pacific Ocean tributaries and those that flow
westward to Bering Sea, though some notable exceptions, including
Nenana and Delta rivers, have headward tributaries that receive
their waters from the south side of the mountains and cross the
entire range through deeply cut valleys on their course to Tanana
River.

On its north front the main Alaska Range is flanked by minor
foothill ridges, separated from the main mountain mass by basin-
like depressions. These foothill ridges lie parallel to the main range
and were formed during the same general period of mountain

The higher parts of the Alaska Range, notably just south and east
of Mount McKinley, are the gathering ground for some of the larg-
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est Alaska valley glaciers.. At least five of these great ice tongues
are from 30 to 50 miles long and from 2 to 4 miles wide, and there
are innumerable smaller ones; for the most part unnamed and un-
explored. The present surface forms on this range are due in large
part to the erosive action of these valley glaciers and of their enor-
mously greater ancestors.

TANANA LOWLAND.

North of the Alaska Range lies a broad structural lowland basin
that is continuous from Bering Sea by way of the Kuskokwim Valley
northeastward across an imperceptible divide to the Tanana Valley
and thence eastward across the Alaska-Canada boundary to the
upper Yukon basin. This lowland ranges in width from 30 te 60
miles, has a gentle slope away from the range, and is broken only
by a few isolated hills that rise above the general level of the plain.
It is floored by unconsolidated materials, prevailingly gravel, that
have been supplied by the erosion of the Alaska Range. Tt is'likely
that beneath the gravel there are extensive Tertiary deposits, which
may contain lignite. Only the larger streams maintain well-defined
channels across the lowland, the smaller tributaries sinking into the
gravel to emerge again as sluggish, meandering creeks that drain
the flat basin. The lowland surface consists of open marshy areas
and lakes interspersed with patches of spruce and larch timber and
is difficult to cross in the summer. In the area here considered
Tanana River hugs closely the northern border of the lowland, for
the major northward-flowing streams are glacier-fed and carry large
quantities of gravel and silt, with which they have graded up the
lowland. The tributaries of Tanana River from the nerth, by con-
trast, have low gradients and carry little detritus and have thus' -
been at a disadvantage as compared with the heavily loaded streams
from the south. As a result, the valley axis of Tanana River has
been shifted northward and now follows closely the sinuous line
formed by the base of the bordering hills on that side. -

YUEON-TANANA UPLAND,

The part of the Yukon-Tanana upland that lies within the area
here considered consists of smoothed and rounded ridges having a
northeasterly trend and rising from flat lowlands by which the
separate ridges are partly or entirely surrounded. The lowland is
that of Tanana River and its sluggish northern tributaries, and its
timbered and marshy sutfice has an altitude between 300 and, 600
feet. Through this expanse of flat alluvial deposits the hard rock
ridges project as islands or peninsulas with sinuous outlines. The_

crests of the ridges have altitudes of 1,000 to 3,000 feet, although
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farther north certain peaks and domes project above the level of the
uplind surface to a height of nearly 5,000 feet. This area falls
within the limits of the Yukon Plateau. The topography is mainly
that developed in a region of highly metamorphosed and feolded
rocks by the agencies of stream erosion and deposition, glaciers hav-
ing existed only as small ice tongues around the higher domes.
There is no evidence of even local glaciation in the part of the
Yukon-Tanana. upland considered in this paper. The topography
of the upland north of Tanana River is therefore in sharp contrast
to that of the entire region south of the Tanana lowland, for there
“extensive glaciers have been developed at successive intervals and
have been the controlling factor in producing the present topo-
graphic forms. North of the Tanana long-continued and uninter-
rupted stream erosion, influenced by the structure of the underlying
rocks, has developed maturely dissected ridges and broad valleys
that lie parallel to the trend of the prevailing rock structure. The
surface is generally covered by a thick mantle of soil, humus, and
roek-disintegration products, and outcrops of rock below the ridge
crests are uncommon. The main stream valleys have wide floors
and gentle gradients, and there is generally a thick filling
of alluvium between the present stream beds and the underlying
bedrock, ially in the lower courses of the streams.

GEOLOGY.
GENERAL FEATURES.

The mapping of the geology of the region tributary to the Alaska
Railroad has been a long and difficult task and is still incomplete.
Since. 1898, when the work was started, a large number of geologists

~have contributed their work season by season, until now only a rela-

tively few small areas remain in which the major geologic units have
not at least been outlined. Most of the work, however, has been of
. reconnaissance character, in which the geologists covered as large an

* area as possible in the short working season, and refinements of map-
ping still remain to be made in much of the area. It should be re-
membered by future geologists, who will be able to reach any part of
this region within a few days from the railroad, that most of the
results shown on Plate I were obtained at a time when there was not
even regular steamship service to upper Cook Inlet, when the com-
mon means of inland travel were small boats propelled by hand on
- the rivers or pack horses in the upland areas, and when throughout a
large part of this region there was not.even a trail to follow. In the
exploratory work of these geologists a large part of each man’s
. enérgy was consumed in overcoming the mere physical difficulties
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of travel—chopping trail through the heavy brush; fording great
rivers, or poling a boat upstream against the awnft. current. The
person who realizes these facts will be less critical of the results here
set, forth than astonished that so much has been sccomplished under
conditions so difficult. In the present report the attempt is made to
outline on the map (Pl I) only a few of the great rock groups, in
order to emphasize their relation to the mineral deposits of the re-
gion. The many geologic reports from which this paper is compiled
have carried the subdivision of the rocks much further than is shown
here. Anyone desiring more detailed information than is given here
should apply to the Director of the United States Geological Survey
for the latest report dealing with the district in which he is especially
interested.

A study of the geologic map at onee discloses the fact that most of
this region is occupied by rocks of only moderate geologic age.. The
oldest rocks present are the mica schists that have generally been con-
sidered to be of early Paleozoic age, though it is not unlikely that
they are pre-Cambrian. These rocks are present mainly on the north
flank of the Alaska Range and in the vicinity of Fairbanks. Paleo-
zoic rocks are rather scantily represented, for south of the Alaska
Range only a few areas of undifferentiated metamorphic materials,
probably of Paleozoic age, and some Devonian limestones are known,
North of that range Paleozoic or older rocks are more abundant,
occurring as extensive belts of mica schist, of less metamorphosed
sediments, and of ancient lavas and associated sediments, all now
greatly altered from their original state.

The prevailing rocks from Seward to Broad Pass are of Mesozoic
age. They include great areas of slate, shale, and graywacke, some of
which are of uncertain age, some fossiliferous sandstone and shale,
a little limestone and quartzite, and large areas of basie lava and
tuff. There are also great masses of granitic- intrusive rocks that
have penetrated the earlier Mesozoic materials a8 immense batho-
liths, such as that which forms most of the western Talkeetna Moun-
tains, or as smaller scattered bodies. ' Tertiary rocks are also present
in abundance and range in character from the hard, mountain-build-
ing conglomerate and shale of the Cantwell formation through
basaltic lave and intrusive dikes and sills to the generally poorly
consolidated sand, clay, and gravel of the coal-bearing beds. Wide-
‘spread deposits of ancient gravel also belong with the Tertiary or
early Quaternary. Quaternary deposits cover a large portion of the
region and include the unconsolidated lowland deposits of the streams
and shore lines and the glaeial deposits. Stream, glacial, shore:line,
and estuarine beds are bemg formed to—day at many places in the

region, O v o A
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This region is naturally subdivided into six geologic provinces,
which differ in assemblage of rocks, in structure, and in geologic
history. These provinces are the Chugach and Kenai mountains, the
Talkeetna Mountains and their northward extension to Broad Pass,
the Alaska Range, the Yukon-Tanana upland, and the two lowland
areas, the Copper-Susitna basin and the Tanana lowland. The four

. mountain provinces will be described separately, in the order above

named; as that is the order in which they will be seen in & trip over
the railroad from Seward to Fairbanks. During the last great time
division, the Quaternary, the mountain masses all stood at approxi-
mately their present positions and present altitude, and the geologic
events that took place, including the shaping of the surface forms by
erosion and deposition and the great invasions of glacial ice, affected
all this region to a greater or less degree. The Quaternary geology
of the whole region will therefore be discussed as a unit, and that
discussion will include the two lowland provinces, whose deposits
are largely of Quaternary age.

CHUGACH AND KENAI MOUNTAINS.

The Chugach -Kenai province includes the portion of the Chugach
Mountains north and east of Turnagain Arm and Portage Bay that
falls within this region and the structurally continuous Kenai Moun-
tains of Kenai Peninsula and its bordering islands. This province

. ‘iz therefore bounded on the north and west by Matanuska River and

the Cook Inlet-Susitna lowland and on the east and south by Prince
William Sound and the Pacific Ocean. These mountains are struc-
turally continuous with the great belt of coastal mountains of south-
ern and southeastern Alaska, to the east, and with Afognak and
Kodiak -islands, to the southwest. This part of the great coastal
mountain range lies at the elbow or hinge where the trend of the
range changes from a northwesterly direction through southeastern
Alaska to a southwesterly direction in Prince William Sound, Kenai
Peninsula, and Kodiak Island.

i METAMORPHIC AND IGNEOUS ROCKS.

The Chugach and Kenai mountains are composed primarily of
sedimentary rocks that show a wide range of character and varying
degrees of metamorphism. In the region between Matanuska and
Knik rivers there are considerable areas underlain by metamorphic
rocks that originally consisted of such acidic igneous materials as
andesite and andesite porphyry and of basic rocks including peri-
dotite, dunite, gabbro, pyroxenite, and various tuffs and agglomer-
ates. ‘Likewise there are materials in this area that represent the
metamorphic equivalents of argillite, graywacke, and chert. This
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whole assemblage of materials has been severely altered by folding,
faulting, and various metamorphic processes and has been cut by
both basic and acidic dikes and sills.

The age of this group of metamorphic rocks is not known cer-
tainly, but they are older than the slate and graywacke that form
most of this mountain range; which are believed to be Mesozoic.
Nothing more can be said at present than that the metamorphic
rocks just described are probably pre-Mesozoie and may even be
pre-Paleozoic. They are here referred to as Paleozoic or older.

The main mass of the Chugach-Kenai -mountains is composed
-predominantly of argillite, slate, and graywacke. The materials
were deposited mainly as impure sand and mud; later they were
cemented to shale and impure sandstone and then further altered
during the folding of the mountains, They now appear commonly
as hard ghale, or argillite, and graywacke, or impure quartzite, al-
though locally metamorphism has proceeded far enough to convert
them to slate and schist. As a whole the rocks of this great moun-
tain range, though composed dominantly of sedimentary beds, are
almost entirely lacking in fossils by which the age of the beds could
be accurately determined. The few fossils that have been found
are either poorly preserved or are forms that are of doubtful value
in correlation. In general, however, what evidence there is points
to a Mesozoic age for much of the sedimentary rock of the Kenai
and Chugach mountains. Possibly they contain considerable areas
of Paleozoic rocks,

The lack of fossils, the succession of thick series of monotonously
similar rocks, and the complex structure of these mountains together
make the geology of this area so complicated that there still remains
much to be learned about it. The series of argillite and 'gray-
wacke must be many thousand feet in thickness, for it comprises the
great bulk of a long range of mountains that is from 5@ to 75 miles
wide:and has a vertical relief of more than 16,000 feet. In some
sections the rocks seem to lie in rather simple folds, Elsewhere they
are closely folded, crumpled, and contorted. The major structural
features, however, are commonly parallel to the axis of the range.

In addition to the prevailing argillite and graywacke of the Chu-
gach and Kenai mountains, conglomerate and limestone occur locally
in minor amounts. Associated with these sedimentary materials
there are in places large masses of greenstone and greenstone tuff
that appear either interbedded with the sediments as flows or frag-
mental volcanic deposits, or cutting them as intrusive masses. The
copper deposits of the region are generally associated with such
greepstone bodies. Granitie, rocks.also intrudo the sediments in
many places, either as fairly large bodies or as dikes and sills. Both
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the greenstone intrusives and the granitic rocks are probably of
Mesozoic age, though of course somewhat younger than the rocks
they invade. The greenstone flows and tuffs are obviously of the
same age as the sediments with which they are interbedded.

TERTIARY DEPOSITS.

In the Chugach and Kenai mountains Tertiary deposits are en-
tirely lacking, but on their western flank Tertiary coal-bearing beds
crop out in the Cook Inlet lowland, in the southwest corner of the
area-shown on the accompanying map (PL.I). These Tertiary beds
are similar to those occurring in the Susitna basin and are described
more fully in that part of this report dealing with the Tertiary
deposits of the Talkeetna Mountains. They consist of soft shale
and sandstone with lignite beds. It is likely that this coal-bearing
formation has a considerably wider areal distribution beneath the
unconsolidated surface deposits than is shown on the geologic map.

- UNCONSOLIDATED SURFACE DEPOSITS.

Within the mountainous areas of this province the unconsolidated
surface deposits, of Pleistocene and Recent age, are of relatively small
volume and small areal extent, bemg confined for the most part to
the floors of the stream valleys. It is not possible to show most of
these small areas on a map of the scale of Plate I. Bordering the
mountains on the west, however, there is an extensive low-lying area,
the Cook Inlet- Susu‘.na lowland, in which the surface is almost en-
tirely covered by a mantle of unconsuiidated materials, including
morainal deposits left by the last great glaciers during their retreat,
of oujwash gravel deposited by streams beyond the edges of these
glaciers, and of the sand, gravel, and silt of river valleys, beaches,
and tidal estuaries. These materials vary greatly in thickness but
in general are thick enough to cover and conceal the underlying

‘rocks. As all the agricultural lands of this region occur in areas
that are floored with these materials, their economic importance is
great. . . nere i

TALEEETNA MOUNTAINS.

The Talkeetna Mountains proper include the rugged area that is
bordered on the west and north by Susitna River, on the east by the
Copper River basin, and on the south by the Matanuska Valley.
For convenience in description they are also here made to include
the northern extension of the area above defined, comprising a num-
ber of more or less isolated mountain ridges between upper Susitna
and Chulitna rivers. These mountains lie north and east of the
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railroad all the way between Matanuska and Broad Pass, the rail-
road following the lowlands and valleys that flank the mountains on
the west.

Geologically the Talkeetna Mountains are composed of a great
variety of rocks of widely varying ages, but they differ from all
other mountain ranges in this part of Alaska in the fact that they
are composed mainly of igneous material (PL I).

PALEOZOIC OR OLDER ROCKS.

The oldest rock recognized in these mountains is a mica schist in
the Willow Creek district, at the southwest corner of the mountain
mass. This schist was probably once normal sedimentary rock, such
as shale and sandstone, with which was associated some igneous
material, but through a long history of successive periods of intense
deformation it has been squeezed into contorted fissile rock and
recrystallized until its original character is obscure. It has yielded
some small gold placer deposits but otherwise is at present of mo
economic importance. Little is known of its age except that it is
pre-Tertiary, but its highly metamorphic character and general
appearance suggests its possible correlation with the early Paleozoic
or older Birch Creek schist of the Tanana basin.

In the lower basin of Talkeetna River there are areas of fine-
grained schist, slate, and other metamorphic rocks which have been
little studied and the relations of which have not been determined.
They are here tentatively classified as Paleozoic or older.

Within the great bend of upper Susitna River there is a complex
assemblage of rocks including greenstone, schist, limestone, slate,
quartzose rocks, and dioritic and diabasic intrusives. The age of
this assemblage is not accurately known, but it has been tentatively
assigned to the Paleozoic, with a suggestion that it is Carboniferous
or older. So far as known these rocks have no economic importance.

MFS0ZOIO SEDIMENTS.

* Mesozoic sediments and fragmental volcanic materials are widely

distributed in the Talkeetna Mountajns, especially along their south
and southeast border in the headward basin of Talkeetna River and
in their northward extension beyond Talkeetna River. They are
especially well known in Matanuska Valley and vicinity, where they
have been studied with some care and have yielded sufficient fossils
to make their identification certain. As described by Martin and
Katz! they include Lower Jurassic voleanic breccia, agglomerate,

1 Martin, G. C., and Katz, F. J., Geology and .coal flelds of the lower Matanuska Valley,
Alaska : U, 8, Geol, Survey Bull, 500, 1912.
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and tuff that are extensively developed on the north side of Mata-
nuska Valley and in the headward part of the Talkeetna River basin.
These fragmental materials, with some interbedded lavas, are water-
laid and well bedded and carry abundant marine fossils. ‘In general
they are of rather simple structure and have not been greatly de-
formed.

Lower Cretaceous rocks are known in this provmce at only a few
localities, where relatively small areas of limestone occur. This
limestone carries no fossils, but it lies unconformably upon Lower
Jurassic volcanic rock and is provisionally correlated with the Lower
Cretaceous. Sedimentary beds of Upper Cretaceous age cover a
considerable area in the lower Matanuska Valley. They consist of
shale and sandstone with a little conglomerate, have an aggregate
thickness of at least 4,000 feet, and have been considerably faulted,
folded, and deformed. The marine fossils found in these beds show
clearly their Upper Cretaceous age.

. On both sides of Susitna River, above its junction with Talkeetna
and Chulitna rivers, and in many other areas in the northward ex-
tensiori of the Talkeetna Mountains there occurs an important group
of sediments, mainly argillite and graywacke with minor amounts
of limestone, that are almost devoid of fossils and that have on that
account been difficult to correlate. Chapin® noted them on Tsisi
Creek and suggested a correlation with the Upper Triassic rocks of
the Valdez Creek district. Similar rocks occur east of Chulitna
River; where they lie along the strike and seem to be a continuation
of the slate and argillite of the Alaska Range, which have now been
definitely shown to be, in part at least, of upper Mesozoic age.?
From their lithology and structure these sediments are here mapped
- -a8:0f Mesozoic age.

MESOZOIC IGNEOUE ROCKES.

In the Mesozoic bedded rocks as described above has been included

a series of volcanic breccia, agglomerate, and tuff, with some lava
flows, all of which are of igneous origin, but having been laid down

in sea water they are bedded and so may be described with the other
sedimentary deposits. On the accompanying geologic map (Pl I)
the Mesozoic and Tertiary effusive and fragmental materials have
for simplicity been grouped together and mapped with a single
“es. Paitern; . But far snrpaaang the sediments of the Talkeetna Moun-
taing, both in area and in bulk, are the great masses of igneous rocks.
These igneous materials fall into two classes—the acidic, coarsely

 Chapin, Theodore, The Nelchina-Susitna region, Alaska: U. 8. Geol. Survey Bull. 668,
pp. 27-28, 1912,

* Mertle, J. B., jr., Platinum-bearing gold placers of the Kahiltna Valley: T, 8. Geol
Burvey Bull. Gﬁ2 pp. 236-237, 1919,
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granular granitic rocks, all of which were intruded and cooled ‘at
considerable depths below the surface, to be later exposed by erosion,
and the basic rocks, commonly termed greenstones, which wete
mainly poured out upon the surface as lava:flows.  Of these two
groups the granitic rocks greatly prependerate in this province. The
main mass of the Talkeetna Mountains, outlined by Chickaloon,
Matanuska, Susitna, and Talkeetna rivers, consists primarily of a
single great batholith of diorite, and throughout the northern exten-
sion of the mountains there are many smaller intrusive masses of the
same type, satellites of the central mass.

The age of these granitic rocks is difficult to determmq, and it is
entirely possible that intrusions of similar materials have taken place
at different times. It has been definitely established that the main
Talkeetna diorite intrusion took place in mid-Mesozoic time, probably
early in the Middle Jurassic. Some evidence is at hand to indicate
that some of the outlying granitic masses are of Tertiary age, but
in the lack of conclusive proof on this point and for the sake of sim-
plifying the geologic map (PL I) all the granitic rocks are here
mapped with a single pattern and indicated as mainly of Mesozoic
age. The granitic rocks of this province are important because
in some places, the most conspicuous of which is the Willow Creek
district, they contain valuable gold-bearing quartz lodes, and else-
where they show some copper mineralization.

Tn addition to the Mesozoic granitic rocks, there are considerable
areas of basic igneous materials that are cut by the granitic intrusives
and are therefore older. Those in the western Talkeetna Mountains
have been described * as being characteristically andesite greenstone
flows with amygdules of epidote, though some coarse-grained in-
trusive phases are present. Farther northeast, in the region of the
great bend of Susitna River, Chapin® observed similar basalt and
andesite, with associated tuff and breccia, that he tentatively assigned
to the Triassic. It is likely that these rocks are of the same age as
the.similar materials in the western Talkeetna Mountains. Their
chief economic importance lies in the fact that in places, notably on
Iron Creek, they contain copper minerals in encouraging amounts.

TERTIARY BEDIMEm

Sedimentary rocks of Tertiary age are present in the Talkeetna
Mountain province in only small tracts (Pl:I), but their economie
importanee is out of all proportion to their area, for they comtain
the coal of the Matanuska and Susitna basink. The actual distribu-

«Cappe, 8. B., Mineral resources of the western Talkeetna Momntains: U, B. Geol.
Burvey Bull. 602, pp. 105-1986, 1919,

& Chapin, Theodore, The Nelchina-Susitna région, Alasksa: U 8. Geol, Survey Bull, 668,
pp. 26-27, 1918,
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tion of these beds is no doubt much greater than the map indicates,

+for there is reason to believe that they have a considerable extent
‘beneath the unconsclidated Quaternary deposits of the Susitna basin.

Unlike the Mesozoic beds of this province, the Tertmry deposits are
not marine but are believed to have been laid down' in valleys-or -
estuaries. - They commonly contain the remains of land plants,
but no marine shells.

The basal Tertiary beds in this province are composed mainly of
arkose, with some conglomerate, shale, and sandstone, derived by

-weathering and erosion from the granitic mass of the Talkeetna

Mountains, In Matanuska Valley these beds lap up against and
overlie the edges of the granitic rocks and may even have extended
over large areas from which they have now been removed by erosion.

_ The lower Tertiary beds are folded and faulted and are intruded

by igneous dikes and sills, especially in Matanuska and Little Susitna

_valleys, where they are best exposed. This group of beds lies be-
ne&th the coal-bearing portion of the Tertiary. The coal-bearing

beds of the Talkeetna region have beem most carefully

| studw& in Matanuska Valley, where coal mining has been carried

on for a number of years. There the coal-bearing group of beds
has been called the Chickaloon formation by Martin and Katz,?® who
describe it as consisting of a monotonous succession of shale and sand-
stone, in which gray to drab, rather soft and poorly bedded shale

. predominates. The sandstone is yellowish, rather soft, and for the

most part feldspathic. The formation appears to be at least 2,000

feet_thiek and contains numerous coal beds. The beds have been

. generally tilted and locally folded. Faults are common, and the

formation is cut by many dikes and sills, some of considerable size.
: e #m;l plants it contains show that t}us formation is certainly
Tertiary and. probably Eocene. The coal resources are discussed in
another place in this report. _

At many other places around the westem margin of the Ta.lkeetna

_.Mountains, in Susitna and Chulitna valleys, there are small expo-

sures of Tertiary rocks, many of which contain lignite beds. These
exposures usually occur in stream bluffs where the surficial deposits
.of later materials have been cut through, and they indicate a much
wider distribution of coal-bearing beds than is shown on the map
(P1. I). The coal is without exception lignite, of poorer grade than

=z7.. the best Matanuska coals but comparable with the coal from the

‘Nenana field. It has no value for export, as it is too poor in quality
for bunker fuel and deteriorates on handling and exposure, but it
has found some local use and will prove useful as a local fuel supply.

¢ Martin,'G. C., and Katz, F. J., Geology and coal flelds of the lower Matanuska Val-

- _ley, Alaska; U. 8. Geol. Survey Bull. 500, pp. 42-52, 1912
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These scattered Tertiary beds have yielded no fossils, and their exact
age is not known. It is possible, however, that the coal-bearing
strata may ultimately be correlated with the Chickaloon formation.

Included in the areas mapped as Tertiary (Pl I) there are certain

* . large areas of massive conglomerate in the headwaters of Billy Creek

and Oshetna and Nelchina rivers, which are doubtless Tertiary but
whose exact age is not known. The Tertiary as:mapped likewise in-
cludes the heavy Hska conglomerate of Matanuska Valley, which lies
upen the Chickaloon formation and is overlain by Tertiary lava and
tuff and therefore belongs within the Tertiary somewhere above the
Chickaloon formation.

TERTIARY IGNEOUS ROCKS,

In the Talkeetna Mountain region igneous activity took place at
intervals throughout Tertiary time. The igneous rocks range in
kind from intrusive to extrusive and fragmental volcanic materials
of basic and acidic character, and in age from the earliest Tertiary
here represented to the latest. For the sake of simplicity the Meso-
zoic and Tertiary lavas and fragmental volcanic materials are here
shown on the geologic map (PL I) as a single pattern.

The earliest Tertiary volcanic rocks that have been recognized in
this region comprise certain basalti¢ lava flows that are interbedded
with the basal Tertiary arkose in the Willow Creek district and
therefore are probably of Eocene age. In the central Talkeetna
Mountains, extending from Castle Mountain northwestward into
upper Talkeetna Valley, there are extensive basaltic lava flows with
intercalated pyroclastic rocks that cap the higher mountains of the
region and are believed to be younger than the Eska conglomerate
‘and may be as young as Miocene. Certainly these younger-lavs beds
are much less deformed than the early Temm'y sediments. The
Tertiary intrusive rocks of the Talkeetna province inelude a large
number of irregular-shaped dikes and sills in the Matanuska Valley
that are too small to be shown on Plate I. They are believed to be
of late Tertiary age. In the northern extension of these mountains
north of Susitna River there are considerable areas of intrusive rocks,
including granite, quartz, monzonite, and granite porphyry, that are
thought to be of Tertiary age. On the geologic map these rocks are
grouped with the Mesozoic intrusives.

UNCONSOLIDATED SURFACE DEPOEITS.

In the Talkeetna Mountain province unconsolidated surface de-

posits in areas of noteworthy size are confined to the Susitna low-
land, to the intermountain areas along the westward margin of the
Copper-Susitna basin, and to narrow strips along the valleys of the

FAMLTE
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larger streams. On a map of the scale of Plate I only the larger
areas can be shown. These deposits overlie unconformably all the
older rock formations and in general are present only as a surface
mantle of no very great thickness, though thick enough to conceal
the underlying harder rocks. In the central part of the Susitna
basin they may in places reach a thickness of a few hundred feet, and
in the Copper-Susitna basin Quaternary materials are present in
large volume, being exposed along the main stream valleys in bluffs
several hundred feet high. The oldest of the unconsclidated Quater-
nary materials are of glacial origin—either directly, having been
déposited as moraines by the great glaciers that then overrode this
region, or indirectly, having been deposited as silt, sand, and gravel
by glacier-fed streams flowing from the ice fields into the bordering
lowlands. Materials laid down in this way form the bulk of the
Quaternary deposits. After the recession of the last great glaciers
the streams began once more the task of establishing courses with
adjusted gradients over the surface bared by the receding ice. In
places they cut sharp canyons through the valley filling, or even into
hard rock. Elsewhere temporary lakes were formed, to be later
filled. The mountain streams, many of which still head in active
glaciers, supplied large volumes of rock débris which was carried
into the lowlands and spread out as great gravel plains.

Erosion and deposition are still very active in this province, and
the adjustment of the streams to their loads and gradients is still far
from complete. Broad gravel and sand plains with spreading,
branching stream channels alternate with narrow, steep-walled
gorges, falls, and rapids. Great quantities of material are yearly
carried to the sea to increase the area of the Susitna delta and fill up
the Cook Inlet embayment.

The lowland areas that are floored with Quaternary unconsolidated
materials constitute the land upon which the future of agriculture
in Alaska depends. The Cook Inlet-Susitna lowland has great
areas that without doubt will some day support a large farming
population. Already a considerable number of homesteads have
been takem up in Matanuska Valley and around Knik Arm, and
these pioneers have shown that a living can be won from the soil.
The lowland surrounding Cook Inlet and in the lower Susitna
Valley is one of the most promising areas in Alaska for agriculture,
__and its development, now barely begun, will be greatly stimulated
by the advantages of rail and water tran.sportat:on

The lowlands on the western margin of the Copper-Susitna basin,
though probably possessing fertile soils, are much less favorable for
farming, for their altitude, about 3,000 feet above sea level, gives
a much shorter growing season. Frosts may occur there dunng
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almost any month. They have large possibilities, however, as graz-
ing lands.
ALASEA RANGE.

The portion of the Alaska Range here considered lies at the
elbow or hinge where the trend of the mountains changes from a
west-northwesterly direction east of Broad Pass to a southwesterly
direction west of Susitna and Chulitna valleys. This range, which
was elevated to about its present height in late Tertiary time, rep-
resents an ancient line of weakness in the rocke and has been the
site of folding, close deformation, and mountain building repeatedly.
during the geologic history of the continent. The present range,
which is conspicuous as one of the great physiographic features of
North America and contains our highest mountain, is relatively
young but is already in process of being torn down and leveled off
by rivers and glaciers. The weakness of the rocks, however, will
persist, and as in the past the range may be rebuilt again and again.

PALEOZOIC AND OLDER ROCES,

Undifferentiated metamorphic rocks.—The recurrence of mountain-
building processes in this range is shown by the varying degrees
of alteration and deformation in the rocks that compose it, the
oldest showing evidence of greatest and most numerous periods of
stress and the youngest much less metamorphism and compression.
The most ancient rocks in the range consist of mica schist, now
closely folded, contorted, and recrystallized to such a degree that
the character of the sedzmantary beds from which it originated can
scarcely be recognized.

These rocks, called the Birch Creek schist, form an important
element of the northern flank of the mountains. They ¢ontain no
fossils, any organic remains which they may once' have carried
having long ago been destroyed. Their age is not accurately known,
but they are very aneient, probably pre-Cambrian. Similar rocks
occur in-the Willow Creek distriet of the Talkeetna Mountains;
already described, and are widespread in the Yukon-Tanana upland,
north of Tanana River. Their economic importance arises from
the fact that in many places they contain gold-bearing quartz veins,
and by the erosion of these veins and the concentration of the con-
tained gold in the stream placers many rich deposits have been .
formed, including the highly productive placers of the Fairbanks
district.

North of the belt of Birch Creek schist and forming the northern
range of foothills of the Alaska Range is g parallel belt of undif-
ferentiated metamorphic rocks that were originally mainly of igne-
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ocus origin but contain also considerable sedimentary material.
These rocks have been grouped as an undifferentiated complex of
metamorphic materials and called the Totatlanika schist.” One
characteristic phase is an augen gneiss, with quartz and feldspar
crystals in a groundmass of fine-grained quartz and mica. With it
are associated sericite schist and materials of sedimentary origin,
including black slate, carbonaceous slate schist, limestone, and
quartz conglomerate, so closely infolded and involved with the
quartz-feldspar schist that they have not been differentiated. The
age of this series of schist and gneiss is not accurately known, but

- itbisedimentary phases have been correlated with the Tonzona rocks,

tentatively considered as of Devonian or Silurian age. On the
accompanying geologic map (PL I) the Birch Creek schist and the
Totatlanika schist have been grouped together, as falling within
the category of undifferentiated metamorphic rocks of Paleozoic age
or-older. The Totatlanika schist contains a few mineralized veins,
some of which carry gold in encouraging amounts, associated with
arsenopyrite, bismuth minerals, stibnite, and chalcopyrite. These
veins in ‘general are associated with the carbonaceous slate schist,
are near small acidic intrusive bodies, and are related to faulting.®

- Undifferentiated Paleozoic sediments—In the part of the Alaska
Range that lies west of the railroad, in the Broad Pass region, there
are considerable areas of sedimentary rocks which are pretty
-definitely known to be Paleozoic but whose age has not yet been
acéurately determined. Thus, on the north flank of the main range
and between Sanctuary and Nenana rivers there is a considerable

‘area in which the prevailing rocks are black shale and slate that have

been completely folded, faulted, and contorted, although less severely

- -altered than most of the beds of the Tatina and Tonzona groups,

"i.

deseribed: below. These beds underlie the Cantwell formation un-
conformably, and conceivably they may be Mesozoic, but their gen-
eral character and relations point somewhat more strongly to a

- Paleozoic age, and they are here grouped with the Paleozoic sedi-

On the west side of Chulitna Valley, between Ohio Creek and
Bull River, there is a belt of metamorphic rocks, mainly greenstone
tuff and agglomerate but with associated chert and slate, that form
the surface upon which the Triassic materials were unconformably

laid down. Their age is not known except that they are pre-Triassic,
wnd in the lack of more definite information they are here classed

with the undifferentiated Paleozoic sediments.

T Capps, 8. R., The Kantishna region, Alaska: U. 8. Geol. Survey Bull. 687, pp. 34-37,
1919,

& Overbeck, R. M., Lode deposits near the Nenana coal fleld: U. S. Geol. Survey Bull
662, pp 351-362, 1918
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Pdleozoic sediments—Within the portion of the Alaska Range
here under discussion there are various areas of sedimentary rocks,
all more or less metamorphosed, which have been determined with
some degree of certainty to be of Paleozoic age. One such area,
eomposed of beds of the Tatina group,’ is a prominent element in the
north flank of the Alaska Range west and north of Mount McKin-
ley and is continued eastward as a narrow strip in the headwaters
of Kantishna River. The Tatina group includes a thick series of
limestone, black slate and argillite, chert, shale, and sandstone, all
intensely folded, crumpled, and deformed. In this area these rocks
have yielded no fossils, but they unconformably overlie the much older
Birch Creek schist and are succeeded by the much younger Cant-
well formation. Brooks has traced these rocks continuously south-
westward beyond the area here considered into the upper Kuskokwim
basin, where he found Ordovician fossils in the base of this group.
The lower part of the group is therefore definitely of Ordovician
age, but the unfossiliferous upper part may be as young as the
Silurian.

A short distance north of the Tatina rocks, in the mpper basin of
Kantishna and Sanctuary rivers, is a narrow belt of sediments, lying
parallel to the axis of the range, that consists of black argillite, slate,
and phyllite, with some schist, graywacke, and chert, all much folded,
faulted, and crumpled. These rocks, which have been called the
Tonzona group, are to be distinguished from the Tatina rocks prin-
cipally by the absence of limestone, although they are themselves
more or less calcareous and are in places cut by multitudes of small
calcite and quartz veinlets. They are considered by Brooks *° to be of
Silurian or Lower Devonian age. These Tohzona sediments are
believed to be the equivalent of the sedimentary basal phase of the
Totatlanika schist, already described with the undifferentiated Paleo-
zoic rocks. In the Bonnifield region the Totatlanika schist, as de-
scribed by Capps," includes metamorphic. rocks of both sedimentary
and igneous ‘origin, and the sedimentary phase is believed to cor-
mspond to the Tonzona beds as studied by Brooks farther west, whue
the igneous material was less abundant.

At the junction of Nenana and Cantwell rivers the raﬂmu.d muto
crosses a belt of sediments, including massive limestone, black slate,
graywacke, and chert, and some associated diorite intrusives. These
rocks occupy the highest part of the range between the heads of
Toklat and Cantwell rivers and are continued eastward into the

® Brooks, A. H., The Mount McKinley region, Alaska: U. 8. Geol. Burvey Prof, Paper
70, pp. 89-73, 1911,

1 Idem, p, 76.

1 Capps, 8, R, The Bonnifield region, Alaska: U. 8. Geol. Burvey Bull. 687, pp. 84-3T,
1919,
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upper Nenana basin by smaller, isolated masses. The most con-
spicuous member of this group is a massive white limestone, locally
crystalline. All the sediments have been more or less metamor-
phosed, particularly in the vicinity of the diorite. The limestone
itself has in several places yielded fossils of Middle Devonian age.
The associated sediments have yielded no fossils, and all that can
be said concerning any particular bed in this group is that it lies
below or above the limestone and is therefore older or younger than
the limestone. It seems safe to say, however, that most of these
rocks are of Devonian age.

MESQZOIC AND EARLY TERTIARY (?) SEDIMENTS.

In that part of the Alaska Range here considered sedimentary
rocks of Mesozoic or early Tertiary age constitute the largest single
element, at least in point of area (Pl. I). These sediments may be
divided into two major subdivisions—one of marine origin consisting
_ pnmanly of shale, slate, and graywacke, with some limestone, and

" rRnging in age from Triassic to Cretaceous, and the other a conti-

nental deposit, composed dominantly of conglomerate, sandstone, and

shale, of late Mesozoic or earliest Tertiary age. The marine shale,
slate, and graywacke are largely confined to the Susitna slope of the
range.

Triassic rocks have been identified at two distinct localities in this
province—one near Butte Creek,'? in the Valdez Creek district, where
the rocks consist prevailingly of dark-blue and black slate with inter-
stratified beds of arkose and graywacke, and the other on the West
Fork of Chulitna River,'® where they include a series of limestone,
tuff, and shale, with associated lava flows, in which are found miner-

-alized afeas containing copper and gold bearing lodes. These beds
lie unconformably upon a group of tuffs and metamorphic sediments,
supposedly of Paleozoic age, and represent the oldest known Meso-
zoic rocks of this region. In the valley of West Fork of Chulitna

River there is a thick series of black argillite and slate, together with

some graywacke and fine conglomerate, that extends across the strike

for a distance of more than 7 miles, with prevailing steep dips to
northwest. These beds seem to lie stratigraphically above the Triassic
rocks and certainly are beneath the Cantwell formation, described
below They are therefore probably of Mesozoic age and may be-

+ to either the Jurassic or the Cretaceous, or in part to each.

This conclusion is confirmed by the strike of the beds, which would

1 Mofit, F. H.,, The Broad Pass region, Alaska: U. 8. Geol. Survey Bull, 808, pp.
20-31, 1915,

a Capps, B. R., Mineral resources of the upper Chulitna region: U. 5. Geol. Burvey
Bull. 692, pp. 216-21T, 1919,
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carry their extension southwest to the Yentna district, where Mertie ¢

has found fossils, determined as probably of Upper Cretaceous age,

in a similar series of slate and graywacke. It isthus pretty definitely
proved that the great sedimentary series that forms the southeast

flank of the Alaska Range in the Susitna and Chulitna basins is

mainly of Mesozoic age.

The second great subdivision of this Mesozo1c~Tert1&ry belt, the
continental phase, embodies the Cantwell formation, a thick series of
conglomerate, sandstone, and shale that forms a major element in
the range from Muldrow Glacier eastward to and beyond the east
margin of the region here under consideration. These rocks are hard
and resistant to weathering, form rugged mountains, and with the
brightly colored lavas and intrusive rocks with which they are asso-
ciated yield the striking scenery to be found in the upper Toklat
basin. In general they are much less metamorphosed than any of the
older formations, though locally they have been intensely crumpled
and broken and even reduced to stretched conglomerate and schist.
East of Nenana River the Cantwell beds have been extensively in-
truded by granitic rocks,

The age of the Cantwell formation is still open to discussion, for
although fossil leaves, said to be of Eocene age, have been collected
from it in several places, there seem to be certain conflicts between
the evidence furnished by the fossil plants and that supplied by
stratigraphy. There is no disagreement among the geologists who
have studied this problem in regard to the conclusion that the
Cantwell formation is younger than the Mesozoic shale, slate, and
graywacke that are so abusdant on the southeast slope of the range.
Furthermore, the Cantwell beds appean much older, when judged on
the basis of induration and metamorphism, than the next younger
deposits, the Tertiary coal-bearing beds, and probably lip wncon-
formably beneath them. Yet these loosely comsolidated and only
moderately deformed coal-bearing beds closely resemble and are
generally correlated with the coal-bearing beds of the Matanuska
field, which are assigned to the Eocens epoch—the same age assign-
ment that has been made for the Cantwell. It is therefore sug-
gested that if the coal formation in the Nenana basin is basal Eocene,
then the Cantwell must be as old as Upper Cretaceous. If the
Cantwell is Eocene, then the near-by coal formation must be later

Tertiary than the Eocene. For the purposes of the present dsrm:n]i)-me o

tion the Mesozoic formations and the Cantwell formation have boen.
mapped with a single pattern on the accompanying geologic map
(PL I).

1 Mertle, J. B., jr.,, Platimum-bearing gold placers of thé Kahlltna Valley: U. 8, Geol,
Survey Bull, 692, pp. 236-287, 1019,




GEOLOGY OF REGION TRAVERSED BY ALASKA RATLROAD. 103
TERTIARY COAL-BEARING FORMATION.

The Tertiary coal-bearing formation, though present in the
Alaska Range only as small, irregular patches which even in the
aggregate have no great area, is economically of great importance,
for in most of the areas shown on Plate I it contains workable beds
of lignite that together form a fuel reserve probably running into
the billions of tons. From the character and habit of these beds they
occur generally in the lowlands, where vegetation and younger
stream and glacial deposits commonly mask the underlying rocks,
and the outcrops are commonly found only in recent stream cuts
of small area. The actual extent of the deposits is therefore con-
siderably greater than is shown on the accompanying geologic map,
where the formation appears only as small scattered dots and
patches, except in the Nenana coal field, where the coal-bearing for-
mation occupies a larger surface area.

The Tertiary coal-bearing formation consists mainly of uncon-
- solidated or little consolidated clay, sand, and fine gravel, usus.lly

of ra&hor»hglt. color, and at nearly every place where it is well
exposed it shows the presence of lignitic coal. One unusually com-
plete section measured on Healy Creek ** shows 23 distinct coal beds
ranging from 1 to 40 feet in thickness, with an aggregate thickness
of lignite of over 230 feet. Other sections on Healy and Hoseanna
creeks show from 10 to 15 lignite beds aggregating 60 to 130 feet
in thickness. The lignite is of good grade, being similar in quality
to that mined on lower Cook Inlet. It is now sometimes classified
as subbituminous. It is known to occur at intervals from the head
of Moose Creek, in the Kantishna district, eastward to and beyond
__the,rggipn here treated. The most oomplet.aly exposed sections of

‘this formation occur in the Nenana coal field, near the railroad, and
this field contains so much easily aecessible coal that it 4s unlikely
that the smaller outlying areas will be exploited for & long time to
come, except for local use.

/The coal-bearing beds of the Alaska Range are certainly of Tertiary
age; but they have not yet been finally assigned to any particular
part of the Tertiary. Their only fossils are plant remains, which
though abundant are usually not weil preserved and occur in in-
‘coherent sediments too weak to stand collecting and shipment.

- Those that have been examined indicate a lower Eocene age. To

the. geologist familiar with the coal-bearing formation of Cook
Inlet and the Susitna basin, the resemblance of the beds in the
Nenana field to those there is so striking that he has little hesitation
in correlating the two formations. The coal formation of the

1 Capps, 8, R.,, The Bonnlfleld region, Alaska: U. 8. Geol. Survey Bull. 501, fig. 3,
1912,
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Susitna basin has yielded fossils that have been definitely identified
as Eocene. Yet in the Alaska Range the Cantwell formation, which
to judge by its lithology and degree of deformation is much older
than the coal-bearing rocks, is also classified as Eocene, on the basis
of its fossil plants. Therefore, if the age of the Cantwell formation
is'accepted as Eocene, it is necessary to conclude that the coal forma-
tion of the Nenana field is younger than Eocene and therefore
younger than the coal formation of the Susitna basin and not to be
correlated with it. Further facts will be necessary before this
problem can be finally solved.

UNCONBOLIDATED SURFACE DEPOSITS.

The Alaska Range is largely bordered by areas of unconsolidated
surface deposits. On the north the broad Tanana lowland, floored
with alluvial deposits of gravel, sand, and silt, stretches northward
to Tanana River, and on the south and east are other great basin areas
in which glacial and stream deposits form a mantle over the under-
lying rocks. Within the range itself, too, there are large areas; in-
cluding the valley floors of the larger rivers and the basins between
the foothills and the main range, in which loose materials, mainly
gravel, are present in considerable amount. On the accompanying
geologic map (PL I) only the larger of such areas could be shown.

The unconsolidated surface deposits, as that phrase is here used,
include materials of great range in age, as well as in character and
mode of origin. The oldest beds included in this group are those of
the Nenana gravel,*® which occurs over an extensive area on the north
flank of the Alaska Range and is well exposed along the line of the
railroad between Healy and Moose creeks, where it may be seen in
the high bluffs on the east side of Nenana River, with the coal-bedr-
ing formation in places showing beneath it. This gravel consists of
fine to coarse unconsolidated stream deposits, rather poorly stratified,
that were laid down as a great outwash apron along the north front
of the range after the first great Tertiary mountain uplift. The
deposits are deeply oxidized, in places show considerable folding,
faulting, and tilting, and have been deeply eroded by many of the
northward-flowing streams that cross them. On the mountain just
north of the mouth of Hoseanna Creek gravel of this formation is to
be found at an altitude of nearly 3,000 feet above the adjacent valley
of Nenana River. Gold King Creek, farther east, has cut a wide
valley 1800 feet deep into the gravel without exposing its base.” On
loiver Healy Creek 1,760 feet of gravel is expoaed and the top of the
formation is lacking. -

s Capps, S. R, The Bonnifield region, Alaska: U. 8. Geol. Survey Bull 501, pp. 30-34,
1012, :
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The variations in the structural relations of the Nenana gravel
from place to place indicate that the conditions of its deposition and
later history were not everywhere the same. Thus in the Nenana
coal field Martin found that the Nenana gravel is generally uncon-
formable upon the coal-bearing Tertiary beds. In other parts of the
region there is no recognizable unconformity between the two. The
presence of an unconformity at the base of the gravel in some places
shows positively that at those places the coal-bearing beds were
somewhat uplifted and warped and then eroded before the overlying
gravel was laid down. For the north flank of the Alaska Range as
a whole, however, it. may be said that the Nenana gravel has been
uplifted, folded, tilted, and faulted to about the same degree as the
underlying coal-bearing Tertiary beds, and most of the mountain-
building movements that affected the coal-bearing formation affected
the gravel also. This justifies the statement that if the main uplift
of the Alaska Range took place before Quaternary time, then the
Nenana gravel is Tertiary. On the other hand, the Nenana gravel
carries on its surface, in places, great. boulders and blocks that show
strise and are apparently of glacial origin, and glaciated pebbles
have been found that may have come from the gravel itself. If the
Nenana gravel contains glacial pebbles, that indicates its Quaternary
age. These apparently contradictory facts may be due to a different
conception by various observers as to what deposits should be in-
cluded in the Nenana formation.

Within the Alaska Range itself glaciation in Quaternary time
was widespread, and the former more extensive glaciers left in many
places moraines or till deposits. South of the range the glaciers
reached tremendous size, entirely filled the intermountain areas, and
sent tongues down Susitna and Copper rivers to the sea. Over that
entire ares glacial deposits form a large part of the unconsolidated
surface materials. On the north flank of the Alaska Range, by con-
trast, the glaciers during Quaternary time were almost entirely con-
fined to the mountains or at most protruded only short distapces
down the larger stream valleys into the bordering lowland. As a
consequence, glacial deposits are much less abundant on the north
slope of the range than on its south slope, and those on the north
are to be found mainly in the larger stream valleys, In the higher
mountains each valley head still contains a glacier, and ice streams
of notable size radiate from the lofty group of peaks around Mount
McKinley and from the high ridges near Cathedral Mountain, Mount
Hess, and Mount Hayes. Each of the glaciers is engaged in gnaw-
ing its bed into the heart of the mountains, and the rock débris is
deposited as moraines or delivered to the torrential streams to be
laid down in the lowlands as fluviatile gravel. The deposition of
glacial fluviatile gravel, though still actively in process, is now tak-
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ing place on a much smaller scale than during the time of great ice
expansion. The Tanana lowland north of the range is floored with
a great sheet of these materials, and the aggradation of this low-
land with stream-brought débris of glacial origin is still going on,
though at a slower rate than in the past.

~Stream gravel is present also along valleys that no longer contain
glaciers and in places that have never been glaciated. In such
places the valley deposits have not even a remote glacial orgin, but
generally in this region the stream deposits are of complex deriva-
tion, part being the outwash from glaciers and part the result of
normal stream erosion and deposition.

IGNEOUS ROCHS.

Igneous rocks occur in all the formations of the Alaska Range
from the ancient Birch Creek schist to the Tertiary coal-bearing
rocks. They include old Paleozoic and possibly pre-Paleozoic in-
trusives and flows that have been altered along with the sediments,
to form the mica schist and gneiss; Mesozoic gramite,. intrusive
and extrusive greenstone, and greenstone tuff; and late Mesozoic
or early Tertiary rhyolite, andesite, and diabase, along with dikes
and sills of the same age. Nevertheless, in spite of the many periods
of igneous activity which this region has experienced and the great
variety in the character of the igneous material, the portion of the
Alaska Range shown on Plate I is composed mainly of sedimentary
rocks, and the areas of igneous rocks it includes are of relatlvely
small extent.

YURON-TANANA UFLAND.

The northern edge of the region here described lies on the south
margin of the Yukon-Tanana upland, a broad province roughly
bounded by Yukon and Tanana rivers and the Alaska-Canada bound-
ary. This upland consists of flat or slightly rounded, even-topped
ridges reaching altitudes of 2,000 to 3,000 feet above sea level, sep-
arated by comparatively narrow, closely spaced valleys. This prov-
ince has had a very different geologic history from the mountain-
ous provinces farther south. The mountains owe their present alti-
tude to the deformation of the rocks, which have been compressed
into great folds, to be later carved by the agencies of erosion, as in
the Chugach, Kenai, and Alaska ranges, or to the injection beneath
the surface of great masses of igneous rock, with accompanying
folding and faulting around the margins of the intrusion, as in the
Talkeetna Mountains. The present relief of the Yukon-Tanana
upland is to be explained in a different way. In the geologic past
that region has been closely folded at successive periods, but ap-
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parently most of the folding ceased sometime in the Tertiary period
and was followed by a long interval of time during which the agen-
cies of erosion were active on this land mass, reducing it to a region
of low relief. Later this area was uplifted bodily, without general
folding, and the present surface forms are the result of stream ero-
sion upon this uplifted land mass, the smooth ridge tops represent-
ing portions of the old land surface.

PALEOZOIC OR OLODER METAMORPHIC ROCKS.

* The oldest rocks in the Yukon-Tanana upland and those of widest
surface distribution belong to the assemblage known as the Birch
Creek schist.'™ It includes quartzite schist alternating with quartz-
mica schist; feldspathic, carbonaceous, and amphibole schists; and
some crystalline limestone. These rocks are mainly of sedimentary
origin and are similar in every way to the Birch Creek schist as de-
scribed in the section on the geology of the Alaska Range. The
structure of this formation is very complex, including close over-
turned folds and intricate crumpling, but the general strike is north-
east. These schists are believed to be of pre-Ordovician age and may
be in part as old as pre-Cambrian. Their areal distribution is shown
on the accompanying geologic map (Pl I). As will be shown later,
their chief economic importance arises from the fact that they con-
tain gold-quartz, antimony, and tungsten lodes, and from these ero-
sion has produced rich gold placer deposits.

PALEOZOIC SEDIMENTS.

Within the region here considered the only rocks besides the Birch
Creek schist that occupy large areas in the Yukon-Tanana upland
are the beds of the Tonzona group, which have been described by
Prindle ** as comprising a series of red, green, and black argillite,
conglomerate, and sandstone, with some chert and limestone. These
- rocks are all considerably metamorphosed and have yielded no fossils
in the type areas, and their exact age is not known. They are be-
lieved to lie unconformably upon the older formations and are tenta-
tively assigned to the Devonian. They are in many places cut by
numerous veins and stringers of quartz, some of which are known to
contain gold, and the erosion of these mineralized veins and the
conoentration of their heavy metallic content in the stream beds has
led to the formation of valuable gold deposits in the Hot Springs
district.

7 Prindle, L. M., The Falrbanks quadrangle, Alaska : U, 3. Geol. Burvey Bull. 523, pp.

85-36, 1913,
12 Jdem, pp. 44-405.
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MESOZOIC AND TERTIARY SEDIMENTS,

Sedimentary rocks of Mesozoic and Tertiary age have been recog-
nized at many places in the Yukon-Tanana region, but in that part
of the region here described they are generally lacking.ss

IGNEOUS ROCKS.

Although the older schists of this region are mainly of sedi-
mentary origin, they contain also some igneous materials that have
been metamorphosed along with the inclosing sediments and like
them have been reduced to schist. In addition to these altered igne-
ous materials there are in the Yukon-Tanana upland many scattered
areas of granitic intrusive rocks, some of which fall within the re-
gion shown on Plate I but most of which are too small to be shown
on a map of this scale. For the most part these intrusions consist
of granite, monzonite, or diorite, related coarse-grained rocks that
were injected into the overlying rocks and cooled at depth. These
intrusive rocks are thought to be mainly of late Mesozoic age.. Else-
where such intrusive masses are believed to have caused the minerali-
zation of the surrounding country, for gold-bearing quartz veins
are present near the margins of many such masses. The quartz veins
in this region may be genetically related to the granite intrusives.

UNCONSOLIDATED SURFACE DEPOSTTS,

The part of the Yukon-Tanana upland shown on the accompanying
map (PL I) borders the north edge of the Tanana lowland, which is
a region heavily mantled by unconsolidated surface deposits, includ-
ing stream gravel, silt, and muck.® Glacial materials are lacking
in this area, for the northward-flowing ice tongues of the Alaska
Range never reach so far, and the Yukon-Tanana upland supported
glaciers at only a few places. A fuller account of Quaternary events
in the region north of Tanana River is given in the following pages.

PLEISTOCENE AND RECENT GEOLOGY.

In the discussions of the geology of the several mountain provinces
of this region some description has been given of the unconsolidated
deposits in each of them. By early Quaternary time the great moun-
tain-building movements in this part of Alaska had been largely
completed, and the greater topographic features, including the Chu-

3 Ip the extreme northwestern part of the region there are some rather large areas of
highly folded arglilite, slate, and quartzite that are now cousldered Lower Cretaceous,
although they were considered Paleozolc when this report was written. This information
came to hand too late to be incorporated in the accompanying geologic map.

# % Muck " |s n miner's term for the prevailing thick layer of peaty and organic mate-
rial that commonly overlies the gravel in the deep placer mines



GEOLOGY OF BEGION TRAVERSED BY ALASKA RATILROAD. 109

gach-Kenai Mountains, the Talkeetna Mountains, the Alaska Range,
and the Yukon-Tanana upland, had been elevated to approximately
their present altitudes and were surrounded, as now, by great low-
land basins. These land areas at that time must have had a very
different appearance from that we now see, however, for the agencies
of erosion then active in sculpturing the land forms were those of a
temperate climate, and glaciers, if present at all, existed only in the
valley heads of the highest mountains and had as yet produced no
effect upon the country as a whole. The Yukon-Tanana upland is
an exception to the above general statement, for in early Quaternary
time its appearance may have been much as it is now, except that the
deep valley filling now present in so many stream basins did not then
exist, and the relief was greater by an amount equal to the depth of
that fill. Then, as now, the streams throughout this region had their
sources in the mountains, flowed by steep gradients to the lowlands,
and there gathered into great rivers that followed Tanana and
Susitna valleys to the sea. The details of the drainage lines may
bave been very different, in large and small features, from those of
the streams as shown on our present maps. The upper basin of
Copper River probably discharged its waters into what is now the
upper Susitna or Chulitna valley. Tanana River, instead of joining
the Yukon, probably flowed southwestward into the upper Kusko-
kwim. Cook Inlet may have reached northward a much shorter dis-
tance than at present, and the south and east coast of Kenai Penin-
sula and the shores of Prince William Sound were much more regu-
lar and were lacking in the deep fiords and numerous islands by
which they are now characterized. But the general position of the
mountain ranges and their relations to one another and to the low-
lands were in the main like those of to-day.

GLACIAL EPOCH.

GROWTH OF GLACIERS,

- The glacial epoch, occupying that portion of geologic time known
as the Pleistocene, was brought about by a change of climate that
probably involved both a decrease in the mean annual temperature
of the region and an increase in precipitation. The snow line in the
mountains crept down to lower and lower altitudes, such glaciers as
already pxisted in the high mountains became larger, and other val-
loy heads that had earlier been free from glaciers now received a
filling of ice and snow that grew in size and thickness from year to
year. Like most other events in earth history this change must have
been gradual, comparatively warm years alternating with more
frequent and increasingly cold years. Perhaps had there been people
living in the region at the time, the change during any one man’s life-
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time might have been scarcely noticeable, yet in the conrse of cen-
turies a great change came about. Each mountain range became the
nourishing ground of a multitude of alpine glaciers, one of whick
formed in the head of each high valley. These grew slowly larger,
lengthened downward, and joined in the trunk valleys, until the
water streams were replaced by ice streams, differing from the ordi-
nary rivers in that instead of flowing only along the valley floors,
they filled their basins brim full. This process continued until a
very large part of the region here considered was buried hundreds
and even thousands of feet deep beneath a great mass of slowly
*moving ice. The direction of the ice movement was controlled, as
is that of streams, by the shape of the surface over which it moved.
In the mountains the ice currents generally followed the preexisting
valleys, and a typical glacier consisted of a main ice lobe in a larger
valley, nourished by many branching glaciers from the tributary
valleys. In many places, however, where there were low passes or
gaps in the valley walls, the brimming ice flowed through from one
valley to the next, thus giving a much more complex drainage pattern
than that of ordinary streams.

EXTENT OF GLACIATION.

As the mountain glaciers slowly grew larger and longer they
pushed out beyond the mountain fronts into the lowlands. This
was especially true of the glaciers on the Pacific slope, for on that
slope the precipitation was heaviest and the growth of the glaciers
was therefore most rapid. The Copper-Susitna basin, completely
surrounded by the lofty ridges of the Chugach and Alaska ranges
and the Talkeetna and Wrangell mountains, was inundated by ice
from a multitude of vigorous tributary glaciers until it was filled to
overflowing. This great Copper River glacier found many outlets
through which to discharge its ice and its waters. A part of its
drainage escaped southward through the narrow gorge of Copper
River at Woods Canyon, a gorge which is of glacial and postglacial
origin and which has been the outlet for the drainage of this great
basin only since glacial time. Some of the ice and water of this
glacier escaped northeastward into upper Nabesna Valley and north-
ward through Suslota, Mentasta, and Delta passes to the Tanana,
but a larger part of the ice probably moved westward into the Susitna
basin by way of Matanuska Valley and across the lowland to the
present valley of upper Susitna River. The Copper River glacier
thus formed a continuous ice field with that in the Susitna basin. -

The Susitna-Cook Inlet depression was likewise filled with ice at
the time of the maximum glaciation. The much larger ancestors of
the present glaciers of the Alaska Range poured down their mighty
ice streams to coalesce in the lowland with one another, with the over-
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flow ice from the Copper River glacier, and with the glaciers reach-
ing down from the Talkeetna, Chugach, and Kenai mountains. The
- Susitna glacier filled its basin with ice to a great depth, overflowed
northward across the range through Nenana Valley, and pushed
southward Wwell down the present Cook Inlet embayment. At their
greatest the glaciers south of the Alaska Range were so large and
thick that only the highest ridges of the great mountain masses
projected above the surface of the ice. In the valleys of Chulitna
and Susitna rivers the main ice lobe at one time stood to depths of
3,000 and 4,000 feet, with steeply sloping tributaries pouring down
to it from all sides.

On the northern, inland slope of the Alaska Range the develop-
ment of Pleistocene glaciers was much more moderate than on the
south slope. This was due to several factors, chief of which was
the lesser precipitation The asymmetric position of the axis of the
range, which is much closer to the north flank of the mountains
. t]aax;totlla south flank, also played a part,as it gave the northward-
iag glaciers a much smaller collecting ground. At any rate,

the glaclers from the Alaska Range tributary to Tanana Valley,
though reaching far beyond their present limits, at their maximum.
succeeded in pushing northward but a short distance beyond the
mountain front and out into the lowland. So far as is now known,
none of these ice streams stretched northward as far as the present
course of Tanana River, and they failed to spread laterally in the
lowland sufficiently to coalesce with one another.

The Yukon-Tanana upland, being a region of only moderate relief
and of small precipitation, was at no time in the Pleistocene epoch
extensively invaded by glacial ice. On a few of the highest peaks

$d _anﬁ domes small valley glaciers formed, but these never reached

~ any great size.

In a few places in Alaaka evidence ha.s been found of at least two-
ice advances, one much older than the last. We know that else-
where on the American continent there were several successive ice
advances, separated by periods of deglaciation, and probably the
same thing is true of Alaska also, but the available evidence on this
point is meager, the last glaciers having to a great extent overridden
the deposits of their predecessors and destroyed or confused the
evidence. Along the course of the railroad in the Nenana Valley,
- however, the deposits of two distinct periods of glaciation can be
seen. The terminus of the ice during its last pronounced advance
lay in the vicinity of the junction of Healey and Dry creeks with
Nenana River, and a terminal moraine may be seen on the west side
of the river north of Dry Creek., Farther north, near the point whers
the railroad emerges from the foothills onto the lowland, there are

near the railroad track a number of large granite boulders that
76813°—24—38
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were brought from the mountains by an older and more extensive
glacier. The northern limit reached by that glacier is not known,
but it possibly extended some distance out upon the lowland.

EFFECT OF GLACIATION ON LAND FORMS. . ¥

The glaciers of this region have had profound effects on the shape
of the land forms as we now see them, effects which in the highlands
resulted mainly from the sculpturing by the vigorous, rock-studded
ice streams of the sides and beds of their confining valleys, while in
the lowlands and near their termini the glaciers modified the sur-
face by depositing the great quantities of detritus torn from the
headward portions of their beds. In all the higher mountains, where
the glaciers had steep gradients and relatively rapid motion, the
valleys are now broadly U-shaped in cross section, have wide floors
with steeply rising walls, and are straight or bend only in broad,
sweéping curves. They thus differ strikingly from normal stream-
eroded valleys, which are V-shaped in cross section and follow a
sinuous course between the spurs that descend to the valleys from
both sides. Glacial valleys are also characterized by amphitheater-
like heads, with steep surrounding cliffs, by hanging tributary val-
leys, by lakes, and by many other features that show plainly the
powerful erosion to which a glacier subjects its bed.

In the lowlands the visible results of the former occupancy by
glacial ice are of a different character. There the glaciers, having
descended to altitudes at which the mean temperature was no longer
low enough to favor the accumulation of ice, were gradually wasted
by melting and so dropped their loads of débris picked up farther
toward their heads. The débris was deposited as terminal moraine,
of hummocky, irregular surface, or as ground moraine beneath the
ice, or was fed to the torrential streams that flowed from the melting
ice and deposited farther downstream as outwash materials. On
the accompanying map the lowland areas are shown as occupied by
unconsolidated surface deposits, and these deposits are, in large part
at least, composed of materials that directly or indirectly are of
glacial origin. In many places these unconsolidated deposits are
very thick over large areas. The stream bluffs of Copper River,
near Copper Center, and of many of its tributaries show glacial
till, sand, silt, and gravel to a depth of more than 500 feet without
revealing the underlying bedrock, and it is safe to say that through-
out that basin, an area of some 3,000 square miles, the materials of
glacial origin average over 100 feet in thickness. The northwest
border of this extensive basin deposit lies in the east-central portion
of the area here under discussion, and the glacial materials so
thoroughly conceal the topography of the underlying bedrock that
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it is still impossible to say just what course the preglacial drainage
from the Copper River basin followed to join the Susitna, but
doubtless that course is buried somewhere in the upper Susitna basin.

The size, shape, and depth of upper Cook Inlet and the surface
forms thronghout the Cook Inlet-Susitna lowland have been greatly
modified by the deposition of débris from the glaciers. The dis-
charge of glacial sand, gravel, and silt was doubtless much more
active during the periods of great ice expansion than it is now, and
glacial till and outwash materials were deposited in great quantity
throughout this lowland, as may be seen from the wide distribution
of such deposits, as shown on the accompanying map (PL I). These
deposﬂ:s have not generally been so deeply dissected by streains as
those in the Copper River basin, and their thickness can only be
inferred, but on the east shore of Cook Inlet, from Anchor Point
to Point Possession, there are almost continuous bluffs, from 100 to
400 feet high, that show unconsolidated surface materials without
generally revealing the underlymg Tartmry rocks.

To—dny, during a permd of ice recession, the deposition of glacial
outwash is still actwely in progress at the mouths of Matanuska,
Knik, and Susitna rivers and many other smaller streams. Their
deltas are encroaching on the shallow waters of Cook Inlet, and
great volumes of silt, carried back and forth by the tides, are being
built up as extensive low-tide mud flats and shoals.

The Tanana lowland was never extensively invaded by glacial ice,
but its surface has been greatly modified by glacial outwash brought
down from the Alaska Range by the many glacial streams. By no
means all the unconsolidated sand, gravel, and silt of that lowland,
however, can be ascribed to glacial erosion and extraglacial deposi-
tion, for the filling of the lowland with detritus from the mountains
began in preglacial time, perhaps about the middle of the Tertiary
period, when the elevation of the Alaska Range first began. Since
then deposition in the lowland has been continuous, though with
greatly varying rapidity. No doubt the removal of matérial from
the mountains and its transportation northward to the lowland by
glaciers. and the torrential glacial streams were tremendously stim-
nlated at times of widespread glaciation, and some measure of that
quickening may be gained by observing the heavy load of detritus
now carried by the streams that head in the greatly shrunken glaciers
that remain to-day.

Since mid-Tertiary time the Tanana lowland has been filled up to
a depth of many hundred feet with unconsolidated deposits of gravel,
sand, and silt, mainly derived from the Alaska Range. This filling
has not only altered the whole appearance of the Tanana lowland
but has had a far-reaching economic effect upon the gold placer de-
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posits of the Fairbanks district. The Fairbanks gold placers, as
well as those of the Tolovana district, are nnusual in that in the head-
ward, steep portions of the streams the gravel is shallow and the
streams flow near the bedrock floors of their valleys, whereas in their
lower courses the bedrock floor is deeply buried by gravel and muck,
and the streams flow over a valley filling whose thickness reaches
100, 200, or even 300 feet. The cause for this deep burial of the
bedrock floor and consequently of the placer gold, which usually
occurs in gravel near the bedrock, is probably complex and may
involve many factors, including warping, but certainly one cause that
may be competent to explain most of the present conditions is the
gradual deep filling of the Tanana lowland by débris from the range
to the south. The building of alluvial fans northward into the
Tanana lowland by such glacial streams as Kantishna, Nenana,
Wood, Little Delta, and Delta rivers has crowded Tanana River
northward out of the valley axis, so that it now flows in a sinuous
course that follows closely the foot of the rock hills that border the
basin on the north. The small, sluggish tributaries of the Tanana -
from the north, carrying little débris, were unable to throw out com-
parable fans, and as the valley filling from the south progressed their
gradients were decreased, their lower courses became marshy, and
v'\*.getat.ion accumulated to form the muck now generally present.

There is evidence in the Fairbanks district that in time past the
valley filling was considerably deeper than it is now, but there still
remains a filling in the lower valleys of Chatanika River and other
tributaries of the Tolovana that is at least 200 to 300 feet thick, and
this probably represents the minimum measure for the average
thickness of unconsolidated materials in the Tanana lowland. At
the valley axis these deposits may be very much thicker.

POSTOGLACIAL EEOEION'.

. Binee the retreat of the last great glaciers aggradation has con-
tinded in many parts of the lowlands, but in the higher mountains
glaciers and streams have continued to erode their beds and to modify
the surface uncovered by the retreating ice sheets. In places in the
lowlands, too, the streams have deeply intrenched themselves in the
glacial depesits. Where changes of drainage or of gradient were
brought about by the glaciers, the streams have cut in some places
and filled in others, in their attempt to reestablish normal stream
gradients in their valleys. The shore lines of Cook Inlet have been
modified by wave action, and the normal agencies of stream and sub-
aerial erosion have taken-up the eternal task of radncmg the land
masses and filling the depressions.
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MINERAL RESOURCES.

The mineral resources of the region to be served by the Alaska
Railroad comprise a great variety of metallic and nonmetallic min-
erals. Some of these have been actively exploited for many years.
Others have awaited the lower cost of development and operation that
will prevail, now that the railroad is completed. A briefstatement of
the value of minerals produced from this region up tothe end of 1922
is given on pages 76-77. Here, as in most other frontier countries,
the earliest prospectors searched for the precious metals, especially
for placer gold, for placer gold mining can be done with simple and
portable tools, and the metal produced can be easily taken out from
even the most remote regions. The first attempt to mine gold in
Alaska was made in this region, on the west side of Kenai Peninsula,
by the Russians in 1848, but without much success, though they
recovered a few ounces of gold. Since the early nineties, however,
there has been continuous prospecting, and a number of gold placer
camps have been established.

"The next stage to follow the search for and exploitation of the
gold-bearing stream gravels is the attempt to find the bedrock
source of the gold from which the placers have been derived, and
there are now a number of districts in this region in which gold
quartz mining is carried on. The Willow Creek district has already
produced over $2,000,000 worth of lode gold, the Fairbanks district
over $1,337,000, and there are promising though as yet little de-
veloped gold lodes in Kenai Peninsula, in the Knik-Turnagain Arm
district, and in the Yentna, Talkeetna, West Fork of Chulitna,
Kantishna, and Bonnifield districts. Like gold placer mining, gold
lode mining can be carried on in rather inaccessible regions, for
although the cost of transporting such supplies as powder, steel,
and machinery to the mine is often very high, the metal recovered,
if the ore is free milling, can be taken out without great difficulty.
Lode deposits of gold ore in which the gold is not free milling
and can not be recovered by amalgamation, and of such other metals
as gilver and copper, which commonly occur as sulphide ores, can
generally not be profitably exploited without fairly good trans-
portation facilities, for not only must all supplies and machinery
be brought to the ore deposit, but the heavy ore or concentrates
produced must be transported to smelters to be reduced. Many low-
grade gold placers also, which require for their working heavy
hydraulic equipment, steam-scraper plants, or dredges, are dependent
on reasonable transportation costs before they can be developed at
a profit. It is obvious that to be mined profitably a mineral deposit
must contain sufficient valuable minerals to pay not only the cost
of mining and reducing the ore and of getting the product to the
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market but a profit to the miner as well. The value of an ore deposit
thus depends to a large degree upon its location in respect to
routes of transportation, as well as upon its metal content, and an
inaccessible ore deposit that would have great value if cheap trans-
portation to it were available may be worthless. The completion
of the Government railroad from Seward to Fairbanks has greatly
improved the transportation to a large number of mines and pros-
pects in this region and should make profitable the exploitation of
many mines whose development could heretofore not be undertaken.
One of the most valuable mineral resources of this region is coal.
High-grade bituminous coal is found in Matanuska Valley, and
lignite of very fair grade occurs in a great number of localities on
Cook Inlet, in Susitna and Chulitna valleys, in the Nenana coal
field, and at many places along the north flank of the Alaska Range.
All these coal deposits are potentially valuable, but except for
supplying small local markets their present value depends upon
good transportation more than upon any other single factor. The
present development of the coal fields is considered elsewhere, in
this report.

GEOLOGIC RELATIONS OF MINERAL DEPOSITS.

An important service that the geologist can render to the mining
industry is in recognizing and pointing out the relations of the
several rock formations to the ore deposits, in determining which
rocks are likely to contain valuable minerals and which hold out
little promise to the prospector, and in mapping the areal distribu-
tion of the different rock formations so that the prospector can
choose as the field for his search those areas that are most likely
to yield him the reward he seeks. A large part of the region here
considered has been mapped geologically (Pl I) in at least a recon-
naissance way, so that the main facts concerning the distribution
of the rocks are known. It is therefore pertinent to summarize at
this place the salient points in regard to the distribution of the
ore deposits and the association of the different kinds of valuable
mineral deposits with certain types of rocks. This summar{_Will be
given in the general geographic order of the deposits along the
railroad from Seward northward into interior Alaska.

CHUGACH-KENAI REGION.”

The central and northern portions of Kenai Peninsula are com-
posed mainly of a great series of Paleozoic and Mesozoic rocks,
chiefly shale, slate, argillite, and graywacke, with very minor

% For a full discusslon of the mineral deposits of Eenai Peninsula, see Martin, G. C,,
Johnson, B, L., and Grant, U. 8., Geology and mineral resources of Kenal Deninsula,

Algska : U, 8, Geol, Survey Bull. 587, 1915.
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_amounts of granitic material and of greenstone. In that region there
" are a great number of placer mines and prospects; many gold lode
prospects, a few of which have been mined; and a large number of
copper prospects and one copper mine that has long been one of the
large copper producers of the territory. Placer mines contain gold
that has been concentrated in the stream beds from some bedrock
source, and after the metal particles have been delivered to the stream
the relation of the gold to the underlying bedrock at the point
where it comes to rest is purely accidental. If the miner can find
the veins from which the gold comes, however, and can learn the
relation of the veins to their country rock, he is aided in the search
both for other similar veins and for the stream placers derived from
them.

GOLD LODES.

The gold lodes of the Chugach-Kenai region, as shown on Plate I,
may be divided according to their distribution into two main
~groups—one having a north-south linear arrangement and extending
“from Resurrection Bay to Turnagain Arm, and the other group being
massed around the shores of Port Wells. Throughout both of these
'groups there is a striking similarity in the geologic relations of the
ore deposits, for the gold occurs in veins that cut the slate and gray-
wacke in districts where these sediments have been intruded by
granitic or siliceous materials, A few exceptional veins occur in
‘bodies of granite.

In northern Kenai Peninsula there is a series of siliceous dikes that
strike in & northerly direction, and the gold lodes bear a striking
‘relation to these'dikes. The veins ordinarily consist of a quartz
-gahgue containing, in addition to native gold, the sulphides arseno-
pyrite, galena, sphalerite, pyrite, pyrrhotite, chalcopyrite, and more
rarely molybdenite. In places the ore is very rich and yields fine
specimens, but even in the better veins the gold content is irregularly
distributed, few mines have been profitably operated, and the total
yield from all the gold lodes of the region together has so far not
been large.

GOLD PLACERS.

The gold placers of the Kenai Peninsula-Turnagain Arm region
are the result of the erosion and concentration by the streams of gold
from the lodes, and the ultimate origin of the gold of both lodes and
placers is therefore the same. The occurrence of placer gold, how-
ever, depends on physiographic processes, the most important of
which are long-continued erosion and the concentration by some
stream of the gold particles contained in the rock débris into a single
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restricted channel. In this region normal stream erosion was for a
“long time interrupted by the invasion of glacial ice. Probably much
richer and more extensive placer deposits existed here in preglacial
time, but they were in large part removed and scattered by the
- glaciers. It is only in especially favored localities that workable
placers now exist, either in places that escaped glacial scour or in
places where postglacial concentration of gold from the lodes or of
*scattered gold in glacial deposits has been especially rapid. It isonly
- by close and intelligent prospecting that such locahtles are likely
~to be discovered.

The mining of gold placer gravel on Kenai Peninsula has been
confined largely to the valleys of the streams draining to Turnagain
Arm, though a little mining and prospecting has been done in the
basin of Kenai River. Gold is widely distributed and has been
found in terrace gravel, glacial deposits, and the present stream
gravel. The earliest producing streams of the region were Resurrec-
tion Creek, which through much of its length flows through a deep,
canyon-like channel,®* and Palmer Creek, a tributary from the east.
Sixmile Creek and its tributaries Canyon Creek and East Fork have
also produced considerable gold, and a large hydraulic plant is at
present in operation on lower Canyon Creek.

On the north side of Turnagain Arm, in the basin of Crow Creek,
a tributary of Glacier Creek, placer mining has long been conducted.
On lower Crow Creek an ancient channel containing placer gold has
been found deeply buried beneath glacial moraines and gravels. On
upper Crow Creek paying pla.cers have been found in a gravel-filled
basin lying behind a glacial moraine of coarse beulders and till.

The placer mines of Kenai Peninsula and the Tumagam "Arm
district have been worked more or less vigorously since about 1894,
reached their highest yield between 1897 and 1899 with an annual
production of $150,000 to $175,000, and then declined rapidly to less
than $40,000 in 1912, since when the annual output has ran.ged from
$20,000 to $40,000. In 1922 about a dozen gold placer mines were
operated, with an estimated production of $40,000. :

COFPER LODES.

In the Chugach-Kenai region there are only two important areas
in which copper lodes occur, one just east of Resurrection Bay and
the other farther east, on the islands of Prince William Sound and
centering at Latouche. An examination of the accompanying geo-
logic map (Pl I) at once draws attention to the fact that in both
of these areas the copper lodes are associated with boedies of green-

u Mofit, . H., and Stone, R. W., Mineral resources of Kenai Peninsula, Alagka: U. B.
Geol. Survey Bull. 279, pp. 3348, 1907.



GEOLOGY OF REGION TRAVERSED BY ALASKA BAILROAD, 119

stone, which occur either as intrusive masses or as lava flows. This
sesociation of copper depomts with basic igneous rocks interbedded
with or cutting sediments is general throughout Alaska. The lodes
that lie just east of Resurrection Bay are as yet only prospects, and
no systematic mining has been done on them, but the copper-bearing
sulphides, mainly chalcopyrite, occur in shear zones in the slate and
graywacke and in the greenstone.

The largest and best-equipped copper mine in the Alaska maritime
provinces is the property of the Kennecott Copper Corporation,
generally known as the Beatson Bonanza mine, on Latouche Island.
The extensive ore deposit at this mine, as well as many other copper
lode prospects on Latouche and Knights islands, is in the slate and
graywacke in a district where these sediments are cut by and inter-
bedded with greenstones. These deposits are described by John-.
son ** as occurring in brecciated or sheared zones in both the sedi-
mentary rocks and in the greenstone of these islands. The ore
bodies are primary deposits, the sulphides impregnating or replacing

3 ~= theysediments and greenstone and filling small fractures and open-

ings ‘in the material of the shear zones. The ores are chiefly sul-
phides in a gangue consisting principally of crushed and altered
country rock. The commercially important copper-bearing mineral
is chalcopyrite, and it is associated with chalmersite, native gold,
silver, pyrrhotite, pyrite, sphalerite, and galena, with locally some
arsenopyrite and nickeliferrous pyrrhotite, in a gangue ‘containing
quartz, feldspar (?), chlorite, ankerite, calcite, and epidote. The
only large producing mine in this group, that of the Kennecott Cop-
per Corporation, has been actively exploited for years and has pro-
duced a large amount of copper.

-Considerable development work has been done on a number of
other properties, and it is likely that some of them will become

TALEEETNA MOUNTAINS.

. As has already been shown, the outst.a.ndmg festure of the geology
of ‘the Talkeetna Mountain region is a group of large and small
graniti¢ intrusive masses and smaller amounts of basic intrusives
and flows with associated fragmental volcanic materials, the igneous
materials intruding or overlying sediments that range in age from
early Paleozoic or older to Tertiary. Plates I and II show the
salient facts about the areal geology of the western Talkeetna Moun-
tains and the location of the mines and prospects.  Metal mining in
this region has been limited to gold placer mining at a number of
localities and to the exploitation of the gold lodes of the Willow.

= Johnson, B. L., Geology and ore deposits of Latouche and Knight islands and vieln-
ity, Prince William Sound, Alaska: U. 8. Geol Survey Bull. — (in preparation).
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Creek district. There are, however, many other districts in which
are found lode. prospects, including lodes carrying gold, copper,
and antimony; that may be developed into preducing mines. In
addition to the Willow Creek gold lode district, the principal areas
that have promising ore deposits are the Iron Creek district, with
its numerous copper prospects, and the Nelchina gold placer dis-
trict. The high-grade coals of Matanuska Valley and the lignite
deposits of Susitna and Chulitna valleys are described in another
section of this report.
GOLD LODES.

Willow Creek district.—The gold lodes of the Willow Creek dis-
trict constitute by far the most important developed metal resources
in the Talkeetna region. From 1908 to 1922 these lodes yielded over
$2,194,000 worth of gold and silver, and the output in 1922 was
worth $2389,500." These lodes comsist of quartz veins which cut
quartz diorite?® The diorite is generally massive, coarse grained,
and little altered but in places is somewhat schistose. Most of the
veins strike in a general north-south direction, and they dip west-
ward at an average angle of 39°. The veins are in sharp, clean
fissures in quartz diorite. They probably represent fillings of early
joint planes and are now paralleled and intersected by other sets
of joints that have no vein filling. Ore has been deposited in some
of the veins at repeated intervals, as is witnessed by the banding of
the ore. Some movement has taken place since the ore was deposited,
resulting in shearing, faulting, and the formation of gouge along
many of the veins.

The gold is present in the veins largely:as native gold, and much
of it is recoverable directly by amalgamation. The tailings carry
some gold entangled in the pyrite, which is generallytréated by
cyanidation. Associated with the gold in the veins are the metallic
minerals pyrite, arsenopyrite, stibnite, chalecopyrite, bornite, chalco-
cite, galena, malachite, limonite, and cinnabar. Except for the limo-
nite and malachite, which are plainly secondary after pyrite and
chalcopyrite, and the cinnabar, which was introduced after the gold
mineralization, the assemblage of minerals listed is characteristic of
gold-bearing veins of deep-seated origin, deposited by aqueous solu-
tions. The district lies in an area of severe Quaternary glaciation,
and the oxidized zone is very shallow. Most of the ore mined is
primary ore. The accompanying sketch map (Pl IIT) shows the .
distribution of both gold lode and gold placer mines and prospects
in' the Willow Creek district. The above description of the char-
actér of the veins probably applies also to a number of veins farther

# Capps, 8. R., The Willow Creek district, Alaska : U. 8. Geol, Survey Bull. 607, pp.
55-60, 1915,
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north, in the Peters and Purches creek basins, that have not been
studied. '

Iron Creek district.—A lode in the Iron Creek district that is val-
uable chiefly for its gold content occurs under the same conditions
as the copper lodes in that vicinity. It carries copper also and
is described below. The Iron Creek district lies some 40 miles
by trail west of the railroad at Talkeetna, in the basin of Iron Creek
(Pl IL). Stated in simplest terms, the rocks of this district include
a sedimentary series of limestone, marble, slate, argillite, and quartz-
ite, cut and overlain by basic dikes and flows, and both sediments
and basic rocks extensively intruded and surrounded by great masses
of granitic rock. Some basaltic lava flows are also present.

COFPER LODES,

The following description of the lodes of the Iron Creek district
is based on an examination made in 1917.% As no geologist of the
Geological Survey has visited the district since that time, and as the
editian of the report on it is exhausted, the lodes are here described
in greater detail than would be given if the literature on them were
more voluminous or more easily accessible. The position of the lodes
and the general distribution of rock formations of the district are
ghown on Plate IL

The principal valuable minerals of the lodes are copper and gold.
Most of the ore bodies are due to the replacement, along zones of
faulting and shearing, of andesite greenstone, but one or two, also in
andesité greenstone, have some of the aspects of contact-metamorphic
. deposits, though they lie some distance from the contact of diorite

that intrudes the greenstone. So far as is known the content of the
ores in free gold is not sufficient to justify milling them on the
grouiid. *‘The base character of the ore will necessitate smelting for
the recovery of the copper and gold. Hence cheap transportation to
a smelter is essential before these lodes can be developed.
" Copper Queen group—The Copper Queen group includes two
¢laims that lie on the north side of Iron Creek, 2 miles below the
mouth of East Fork. Developments at the time of visit had been
confined to stripping the vegetation from the ore body and the ex-
cavation of a shallow open cut. The country rock is an andesite
greenstone with amygdules of greenish-yellow epidote. The ore
-.body, which lies along a sheared and crushed zone that strikes N.
10 E. and stands nearly vertical, has been formed by the replace-
ment of the sheared andesite, whmh is heavily mineralized through-
out a width of 21 feet across the strike, though there are many large

% Capps, 8. R., Mineral resources of the western Talkeetna Mountsins: U, B. Geol.
Burvey Bull. 692, pp. 187-207, 1910.
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lenticular horses of nearly barren country rock. Pyrite, arseno-
pyrite, and chalcopyrite are the common metallic minerals and occur
as nearly pure masses of one or the other of these sulphides or inti-
mately intergrown with one another. Some quartz is present in the
ore as gangue but is not abundant.’ Scattered specks and blotches
of sulphides occur both in the horses within the ore body and in the
wall rock for some distance back from the zone of shearing. This
lode is unusual in this distriet in that assays of ore from it are said
to show a high gold content, so that its value for gold probably
exceeds its value for copper.

Copper King group.—The Copper King group comprises six
claims that lie on the south valley wall of Iron Creek opposite the
mouth of East Fork. The principal workings are at an altitude of
about 8,300 feet, 1,500 feet above the valley bottom, and consist of a
number of trenches and open cuts excavated to demonstrate the
presence of a long, continuous ore body. They show that the andes-
ite greenstone country rock is cut by a shear zone that strikes north-
east and dips about 60° E., in which the sheared material has been
replaced in part by meta.].hc minerals and some quartz. The shear
zone ranges in width from 6 to 20 feet,:and the degree of replacement
of the sheared andesite greenstone differs greatly from place to place.
The best showing of ore was in a large open cut that had been ex-
cavated down to undisturbed bedrock. In this cut, through a width
of 9 feet across the strike of the shear zone, abundant chalcopyrite
and specular hematite with some pyrite and a little quartz were ex-
posed. The ore is banded parallel to the direction of the shear zone
and consists of alternating bands of nearly pure chalcopyrite, specu-
lar hematite intergrown with quartz, and pyrite. The individual
bands are more or less discontinuous, and the characteristic mineral
of one band may be present in small amounts in. the other bands.
Another cut near by shows several feet of nearly pure hematite with
only small amounts of other sulphides. Locally some quartz is pres-
ent in the shear zone in small distinct veins. The ore from this
group of claims is said to carry only small amounts of gold and silver.

Copper Wonder group.—The Copper Wonder group comprises
seven claims that lie on the south slope of Iron Creek valley south
of the mouth of Middle Fork. These claims were. first staked in
June, 1917, and the only development work done by August of that
year was the excavation of three open cuts in the bluffs of Alder
Gulch, at an elevation of about 2,500 feet. These cuts show a zone.
of strong shearing in andesite greenstone country rock, but the
ground has been much disturbed, and in the shallow axca.vatlon_the
strike and dip of the shear zone could not be definitely determined.
In the larger open cut the andesite greenstone is seen to be much
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altered along the shear zone, in which there is a heavy deposit of
specular hematite, together with some pyrite and bunches of chal-
copyrite as large as a man’s fist. A little quartz was also noted as
a gangue mineral. The hematite has a thickness of 2 to 3 feet
through an exposed vertical distance of 20 feet, and there is con-
siderable copper carbonate stain in the altered shear-zone material.
Scattered specks of sulphides were seen in the andesite country rock
outside-ef the shear zone.

. Phoeniz group.—The Phoenix group includes three claims on
Hyphen Gulch, a small tributary of Iron Creek from the northeast,
a little more than a mile above the mouth of Middle Fork.  The only
locality at which any noteworthy excavation had been made was at an
altitude of 3,600 feet, where an open cut showed a small shear zone, 2
to 8 inches wide, in andesite greenstone. This shear zone, or line of
faulting, strikes S. 30° W. and dips 65° NW, It contains gouge and
decomposed materials, with a little quartz and some copper car-
bonate stams The andemte greenstone wall rock is, however, much
? _coppar-earbonate and has locally been partly replaced

By chslcopyrite, bornite, specular hematite, and quartz. The bornite
is closely associated with chalcopyrite and is apparently a surface
occurrence only, for a shallow excavation made at the best showing
of bornite showed little bornite at a depth of a few feet below the
surface but an increasing abundance of chalcopyrite. A number of
narrow veins of nearly pure hematite with small quantities of asso-
ciated sulphides have been found on this property.

Blue Lode group.—The Blue Lode group of five claims lies on the
south side of the valley of Middle Fork of Iron Creek, about 23 miles
above the mouth of that stream and 1 mile northeast of the Phoenix
group. The principal excavation is at an altitude of 4,200 feet,
where*#-large open cut has been made along a fault or shear zone
about 2 féet wide that strikes N. 16° E. and dips 80° W. This
zone is filled with gouge, fine crushed and decomposed material, and
some quartz that contains chalcopyrite. The wall rock of this shear
zone is andesite greenstone, which has locally been replaced by
spacks and bunches of bornite and chalcopyrite. An andesite green-
stone cliff above the excavation shows abundant stains of azurite
and malachite. Broken surfaces of .the surface wall rock show
bornite and chalcopyrite intimately intermingled, but a few feet
- below the surface the bornite becomes relatively scarce and chalcopy-

rite predominates, suggesting that the bornite occupies only a shal-

low zone of enrichment and that at greater depth the chalcopyrite
- will prove to be the prevailing sulphide. Another open cut farther
down the mountain shows chalcopyrite but no bornite. This prop-
erty was staked only a few weeks before it was visited, and too little
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development work had been done to determine either the size of the
ore body or its character at depth.

FEastview group.—The Eastview group of two claims lies in the
basin of Middle Fork of Iron Creek half a mile southeast of the
Blue Lode group and about the same distance northeast of the
Phoenix, at an altitude of 4,500 feet. The country rock is andesite
greenstone, and the workings include three open cuts, from which
have been taken large lumps of banded quartz, hematite, and chal-
copyrite. In these lumps of ore chalcopyrite is locally abundant,
but as none of the cuts had been carried down to undisturbed bed-
rock at the time of the writer’s visit, no ore in place was seen, and
nothing is definitely known about tha size or position of the ore
body,

T'alkeetna group—The Talkeetna group of nine claims lies in the
valley of Prospect Creek, about 2 miles above the mouth of that
stream. The claims were staked in the spring of 1916, and their
exploration and development had been limited to strippings and
open cuts made in the endeavor to show the oharagter of the ore im
place. At the time of the writer’s visit eight men were employed
on this property. The main ore body is on the claim known as
Talkestna No. 2, where an extensive gossan on the steep mountain
slope, at an altitude of 4,200 feet, renders the ore deposit conspicuous
from a distance. A number of trenches and-open cuts have been
excavated through this gossan, but these were made for the purpose
of ascertaining the character of the unoxidized ore body, and no
consistent effort had been made to outline the area of mineralization
or to determine its structure and relations. The country rock is an
amygdaloidal andesite greenstone, and the amygdules consist of
epidote. This greenstone is cut by a shear zone that strikes ap-
proximately east and dips 75° N. The shear zone has acted as a
channel for the circulation of mineralizing solutions, and the sheared
material, as well as the massive wall rock, has been in part replaced
by specular hematite, chalcopyrite, pyrite, and quartz. The area
of .intense mineralization, so far as could be determined from the
workings, is several hundred feet long and is locally at least 30
feet thick. Its long dimension is parallel to the strike of the shear
zone, which itself lies almost parallel to the steep mountain face,
so that the ore is exposed on the surface through a vertical distance
of at least 50 feet. The gossan is only a few feet thick and is
abundantly stained with copper carbonate. :

Specular hematite is by far the most abundant metallic mineral
and occurs in massive aggregates many feet thick, in which the only
other conspicuous mineral is granular quartz that is intimately. .
intergrown with the hematite. Another abundant type of ore con-
gists of an intergrown aggregate of hematite, chalcopyrite, and



GEOLOGY OF REGION TRAVERSED BY ALASKA RATLROAD, 125

gaartz that forms the matrix of a breccia and surrounds angular
' fragments of andesite greenstone, themselves partly replaced by iron
and copper minerals. Elsewhere the ore consists of sheared and
schistose andesite greenstone largely replaced by metallic minerals
and banded with small quartz veinlets that include the same miner-
als—pyrite, chalcopyrite, and hematite. Veinlets of ore shoot off
from the main ore body into the country rock, and sulphides and
hematite are widely disseminated in the country rock for some dis-
tance on both sides of the shear zone. These claims are being pros-
pegted as a source of copper, and a large amount of work must be
done before a proper estimate can be made of the amount of copper
ore of any particular grade that is available. The principal copper
mineral, chalcopyrite, differs greatly in abundance from place to
place within the ore body. Locally hematite is present to the almost
complete exclusion of the sulphides. Elsewhere chalcopyrite forms
the bulk of the ore. In some places the chalcopyrite crystals are
surrounded by a thin zone of hematite, and that by quartz. It is
i'epnrteﬂ that assays show from less than 1 per cent to 8 per cent of
copper and small amounts of gold and silver. Underground ex-
ploration alone can determine the character and metallic content of
this ore body at depth, but the great size of the deposit may make
possible the development of a mine, even if the ore is of compara-
tively low grade.

Shallow excavations have been made on croppings of metallic
minerals on claims No. 3 and No. 7 of this same group, on the north
side of Prospect Creek, where a number of open cuts, for the most
part shallow and in disturbed ground, show similar ores, which have
the same association of pyrite, hematite, and chalcopyrite.

T tug OTHER PROSPECTS.

A number of claims or groups of claims, in addition to those de-
scribed above, have been staked in the basin of Iron Creek, but on
most of them little work had been done, and the restrmtlons of time
imposed upon the writer made it possible to visit only those prop-
erties that had been best developed. The location of some of these
groups is shown on the accompanying map (Pl II). Vigorous
prospecting in this district has been carried on only since the spring
of 1916, and many of the claims were staked in 1917, so that the
‘amount of work that has been done on any property is not neces-
sarily an index of the value of the ore deposit, and some of the
properties not visited and not described specifically may be of
greater merit than some of those that are more fully described
here. The possibilities for the discovery of still other ore deposits
in this area have by no means been exhausted, and it is likely that
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other ore bodies more valuable than any yet discovered may be found.
‘A large area in the basins of Sheep River, Montana Creek, and
Kashwitna River has received scant attention. Hand specimens of
-rich copper and gold ores have been brought out from this area by
prospectors, but the localities from which they came could not be
learned, and the deposits were not visited by the writer. Later in
the summer of 1917 reports were circulated of the discovery on a
northward-flowing tributary of Talkeetna River, opposite the upper
basin of Iron Creek, of a large dike whose surface. croppings yielded
gold upon panning and which was-said to show an ancouragmg gold
content upon assay.
NELCOHINA DISTRICT.

The Nelchina district lies at the eastern border of the region here
considered, on the eastern flank of the Talkeetna Mountains, in the
basin of Nelchina River, whose waters reach Copper River by way
of Tazlina Lake and Tazlina River. The portion-of the accompany-
ing sketch map (Pl I) showing the general geology and the loca.
tion of the gold placer prospects in this distriet is taken from the
. first published description of this region by Chapin,® and the de-
scription here given is abstracted from that and a later more com-
plete report by the same author.”* The geologic formations in the -
neighborhood of the gold-bearing gravels include Jurassic and Cre-
taceous conglomerate, limestone, sandstone, and shale, associated
with Jurassic andesitic greenstone and various Tertiary lavas. Ex-
tensive Quaternary deposits of glacial and fluviatile origin pave the
valley floors and the entire Copper River basin, to the east.

The only known mineral resources of this district are the deposlts
of auriferous graval that have received considerable attention in the
last elght or nine years. Gold has been found in encouraging amount
only in a small area, confined to the tributaries of Little Nelchina
River, Tyone Creek, and Oshetna River. (See Pl E) <So far little
gold has been recovered in this district.

The bedrock source of the placer gold is obscure, but it is be-
Lieved that most of the gold has been brought to the neighborhood
where it is now found by glaciers, and that the placers have been
formed by the postglacial concentration by streams of the gold scat-
tered through the glacial deposits.

Crooked Creek, a tributary of Little Nelchina River, hag yielded
little gold but has locally been vigorously prospected. On one claim
a shaft was sunk to a depth of 180 feet, in 1914, without reaching
bedrock,

' ﬂcm;m Theodore, Aurlferous gravels of the Nelchina-Susitaa region ‘U 8, Gml
Survey Bull, 622, pl. 8, 1915,

2 Chapin, Theodore, The Nelchina-Susitna region, Alaska: U. 8. Gepl. Survey Bull
668, 1918,
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On Albert Creek some mining was done in poorly stratified gravel
that overlies a bedrock of tuffaceous sandstone and shale, associated
with volcanic rocks. The gold was found to be scattered through the
gravel, with little or no concentration on bedrock. A few thousand
dollars’ worth of gold is said to have been taken from this stream
valley.

Considerable prospecting has been done from time to time on
Little Nelchina River, Poorman, Yacko, Fourth of July, and Daisy
creeks and Oshetna River, without finding any large deposits of
werkable ground. A few prospectors retain their faith in this dis-
trict, and some prospecting and mining is done there each year.

MATANUSEA COAL FIELD,

Within the lower basin of Matanuska Valley there is an extensive
coal field that has been widely credited as constituting one of the
country’s greatest coal reserves on the Pacific coast. The existence
of this coal field was largely responsible for the first attempt to
build & railroad from Seward northward into interior Alaska and
had a large influence in determining the route for the Alaska Rail-
road. -

The coal-bearing beds in Matanuska Valley* all occur in the
Chickaloon formation, a series of shale and sandstone of Tertiary,
probably Eocene age, which is underlain by Tertiary arkose, shale,
and conglomerate and overlain by later Tertiary conglomerate. The
whole series is intruded by numerous bodies of igneous rocks that
include andesite, gabbro, diabase, and diorite, in fairly large masses,
and by many dikes and sills.

The coals of Matanuska Valley range in grade from low- e
bituminous to high-grade bituminous. The low-grade bituminous
coals ave found in the valleys of Young, Eska, and Moose creeks; the
high-grade bituminous coals in the valleys of Chickaloon and Kings
rivers and on the south side of Matanuska River in the vicinity of
Coal Creek. All these coals are probably of about the same age,
their difference in character being due to differences in the amount
of metamorphism which the beds have undergone from place to
place. The lowest-grade bituminous coals are least folded, faulted,
and intruded, and their poorer quality is in a measure offset by the
ease and cheapness with which they can be mined. The high-grade
bituminous coals have been more severely folded, faulted, and in-
truded.

ing on these coal beds was begun 20 years ago, and in
the spring of 1913 a shipment of several hundred tons was mined

7 Martin, G. C., and Katz, F. J., Geology and coal flelds of the lower Matanuska

Valley, Alaska: U. 8. Geol. Burvey Bull. 500, 1812, Chapin, Theodore, Mining delevop-
ments in the Matanuska coal fleld: U. 8. Geol. Burvey Bull, 712, pp, 181-168, 1820,
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and tested by the U. S. Navy. With the commencement of construc-
tion on the Alaska Railroad, in 1915, prospecting became more
vigorous and mining was begun, with a view to supplying fuel for
the railroad. Up to 1922 the Matanuska field has produced over
305,000 tons of coal, a considerable part of it from mines operated
by the Government. A large amount of prospecting has also been
done. Although high-grade bituminous coals exist at many places
in the valley, the beds so far exploited are so much faulted and
broken that the cost of mining has remained high. Prospecting
for more favorable beds, where mining can be done more cheaply,
will continue. In the meantime the lower grade but more easily
mined coals will continue to supply the needs of the railroad and
other local demands,

Large areas in the Matanuska coal field are still insufficiently
prospected to justify a statement as to the area of coal there that is
minable under present conditions. Certainly there is a large ton-
nage of coal available. Whether or not any particular area there
can be mined will depend on the relation between the cost of mining,
and the cost of competing fuels. With abundant cheap fuel oil on
the Pacific coast, and plentiful, more cheaply mined coals of lower
grade available along the Alaska Railroad, the higher grade but more
difficultly mined coals of the Matanuska Valley may be unmarketable.
Yet, if a sufficient demand for high-grade coal arises, these coals
may be mined to supply needs that can not be met by the cheaper
fuels.

Exposures of lignitic coal are known to occur at intervals around
the entire margin of the Cook Inlet-Susitna basin, from lower
Cook Inlet to Broad Pass, and the number of localities at which
this coal has been found is steadily increasing. The distribution of
these coal localities and the attitude of the beds there indicate that
coal-bearing Tertiary beds are of widespread distribution in this
basin, and that they contain an enormous tonnage of lignite. At
present this fuel has little value for other than local uses, but the
time may come when it can be mined and sold at a profit.

YENTNA DISTRICT.

The Yentna district is on the southeast flank of the Alaska Range,
40 miles west of the town of Talkeetna, from which it can be reached
by a wagon road and trail. This district has yielded a steady and
increasing production of placer gold since its discovery, in 1905,
and the successful operation of a dredge there in recent years gives
encouragement for the belief that it will long continue to be a pro-
ductive mining camp. The following brief notes are abstracted
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from reports on this district by Capps ** and by Mertie,*® who visited
the district in 1911 and 1917, respectively. For a more complete
description of the mining opemtlons the reader is referred to the
original reports. In 1922 the Yentna district produced $222,000
worth of placer gold.

The geology of this district is fairly simple, the prevulmg rock
- formations being a series of slate and graywacke, with some quartz-
ite, of Mesozoic age, cut by large masses and dikes of Mesozoic
granitic rocks and in part overlain by Eocene coal-bearing beds and
later Tertiary gravel. There are also extensive deposits of Quater-
nary materials, including glacial and glaciofluviatile deposits and
the alluvium of the present streams. The major features of rock
distribution and the position of the gold placer mines and of one
coal mine are given on Plate IV.*

The only important placer-mining operations in this district
are on Cache and Peters creeks and their headward tributaries.
Only. mining for placer gold has so far been done, though a small
* aifiowit'of placer platinum has also been recovered, and the presence
of cassiterite (tin oxide) and scheelite (calcium tungatate) indicates
that there may be workable lodes of tin and tungsten ore in the
‘district. The original source of the gold is believed to be in quartz
veins that cut the Mesozoic slate and graywacke. This gold was con-
centrated, before the earliest Tertiary beds of this district were
laid down, into residual placer deposits, which were later partly
reworked and contributed gold to the lowest Tertiary beds. Later
on the region was glaciated, and the glaciers removed and incorpo-
_rated into their own débris some of the gold-bearing gravel from
the: Tertiary beds and from stream placers. The present stream-
phﬂtsd@pomts are believed to have been derived largely through
the reconcentration, in the beds of the present streams, of the gold
from the lower Tertiary beds and from the glacial deposits. In
places also the earliest Tertiary beds and the overlying glacial till
are mined for placer gold.

The largest single mining operation in the district is that carried
on by the Cache Creek Dredging Co., which built a dredge in the
valley: of Cache Creek at the mouth of Windy Creek in 1917.
Since that time the dredge has proceeded up Cache Creek, working
gravel that ranges from 3 to 7 feet in thickness and overlies the
fairly soft Eocene sand, gravel, and clay. The pay streak is from
160 to 300 feet wide and is believed to extend upstream for several
miles. The dredge is of the flume type, with buckets of 74 cubic

= Capps, 8. R., The Yentna district, Alaska: T. 8 Geol, SBurvey Bull. 534, 1913,

* Mertle, J. B., Jr.. Platinum-bearing gold placers of the Kahiltna Valley: U. 8. Geol.
Burvey Bull, 692, pp. 233-264, 1919.

% Mertle, J. B., jr.,, op. cit, pl. 6.
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feet and a daily capacity of 2,000 cubic yarda. It is operated-by
hydroelectric power.

A number of hydraulic mining plants have been operated each
year on Cache Creek and its principal tributaries, Nugget, Thunder,
Falls, Short, and Dollar creeks. Thunder Creek has usually sup-
ported two or three mining plants, and about that number of opera-
tions have been conducted each year on the other tributaries named.
The magnitude and number of these operations are limited by the
amount of water available for the hydraulic nozzles.

For a number of years the principal mining on Thunder Creek
has been done by a large hydraulic plant, which has been engaged
in gluicing the stream and bench gravels of that stream. The bench
gravel mined at places reaches a thickness of 80 feet. The bedrock
* in places consists of the coal-bearing Eocene formation, though else-
where a much weathered phase of the underlying slate and gray-
wacke projects through the coal-besrmg beds.

A very interesting condition is displayed by the placer excava-
tions on this creek. Associated with the coal-bearing formation wte
two well-defined beds of quartzose material, each averaging about
12 feet in thickness, consisting of angular or only partly rounded
fragments of quartz in a matrix of white clayey material that
proves to be a siliceous clay. In this material there are also frag-
ments of coal. The quartzose seams carry comsiderable gold and
have been mined for their gold content. They are evidently of Ter-
tiary age and present the unusual condition of a pla.cer-gold concen-
tration in an early Tertiary sedimentary series that is sufficiently
rich to justify mining by hydraulic methods. Two mines are re-
ported to have been operated on Thunder Creek in 1921.

Placer mining has been done on Falls Creek for many years, with
varying degrees of activity. Fn 1917 two plants, employing five men
~ altogether, were operated, one on a bench about 35 feet above the

creek and the other on the creek gravel at the mouth of the canyon.
In 1921 two mines were in operation in this valley.

Miiing operations on Dollar Creek have been carried on for many
years, mainly by a single mining company. Most of the work has
been done on claim No. 1 above Discovery, where on the east side of
the creek there is a high bench in which the conditions semewhat
resemble those on Thunder Creek, above described. A hard bedrock

composed of slate and graywacke is overlain by a gold-bearing -

stratum of Tertiary quartzose material, which in turn is overlain by a
body of gravel and glacial clay. The quartzose stratum is about 60
feet thick in the middle of the cut and contains about equal amounts
of imperfectly rounded to angular fragments of quartz and gray-
wacke. At one place a bed of lignite was seen lying upon this deposit,
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thns indicating its Tertiary age. The gravel above the quartzose
stratum contains considerable gold, and the glacial clay a little, but
most of the gold here recovered comes from the quartzose deposit.
Mining is done by hydraulic means, with water under a head of 200
feet. Two properties are said to have been operated on Dollar Creek
in 1921.

Some hydraulic mining is done on Windy Creek, a westward-flow-
ing tributary of Cache Creek, on a bench deposit that consists of
40 to 60 feet of gravel overlain by 100 feet of glacial clay. The
gold occurs mainly in the lower portion of the gravel, and its concen-
tration therefore preceded the last glacial ice advance. The gravel
overlies the coal-bearing formation. In this gravel some pyrite,
argenopyrite, and magnetite and a little cassiterite, native copper,

and scheelite are found.

Placer mining by pick and shovel methods was done in 1921 on
Short and Gold creeks, both tributaries of Cache Creek from the
west. In the Peters Creek basin placer mining has been carried on
Iy years mare or less continuously. Gravel has been worked

.:Iabove:'iﬁ, and below the canyon through the Peters Hills. The

largest operations have been on the stream gravel and benches near
the mouth of the canyon. 1In 1921 two hydraulic mines, employing

“'1%'men, were operated on Peters Creek and made a considerable pro-

duction of gold. - No details are at hand regarding the exact localities
of these workings.
- On_Poorman Creek, a tributary of Cottonwood Creek in the head-

“ward basin of Peters Creek, one small placer mine was operated by

pick and shovel methods in 1921. The placer gravel of this stream

-eomtains appreciable amounts of platinum. In the same year one

ming was worked on Willow Creek, also a tributary of Cottonwood
Creek, by the use of water under pressure. The Willow Creek placers
yield considerable cassiterite, though not in commercial quantities.
Bird Creek, a tributary of Peters Creek from the west, has been
mined more or less regularly for many years, but the individual

- pperations have been small. Placer mining has been carried on from

time to time at many other places in the Yentna district. The bars of
Lake Creek and Kichatna River have yielded considerable placer
gold, and Mills and Twin creeks, tributaries of Labor Creek, still
contain a good deal of unworked placer ground, but mining there is
difficult on account of the meager supply of water. There is much
ground on Kahiltna River, near the mouth of Cache Creek, and on
Peters Creek below the canyon that contains placer gold and may
sometime prove to be rich enough for dredge mining.

As has been stated, the Eocene coal-bearing formation is widely
distributed in the Yentna district and at a few places is known to
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contain lignite beds of workable thickness. On Cache Creek near-the
mouth of Short Creek a coal bed has been worked to supply fuel for
a gold dredge and for other local uses. The coal is of about the same
quality as that found generally throughout the Susitna and Chulitna
valleys and in the Nenana coal field. Coal from the Yentna district
will probably never find any but a local market.

UPPER CHULITNA REGION.

The headwater region of Chulitna River, often referred to as the
Broad Pass mining district, contains copper and gold bearing lodes
on which prospecting has been done for many years. Most of these
lodes lie in the basin of West Fork of Chulitna River, only 6 or 8
miles west of the railroad. The original prospecting in this country
was done under great difficulty, for before the railroad was built
the region was remote and difficult of access, and prospecting, es-
pecially the driving of rock tunnels and shafts on lode deposits,
was expensive, Now that railroad transportation is brought close
to these prospects they are sure to be scrutinizéd closely; asd pro-
ducing mines will be developed if the lodes are sufficiently rich to
justify mining.

The geologic formations present in the region of the lodes include
a group consisting of greenstone, tuff, chert, and metamorphic sedi-
ments of pre-Triassic age; Triassic conglomerate, tuff, greenstone,
limestone, and shale, locally cut by dikes and sills; Mesozoic sedi-
ments of post-Triassic age, consisting predominantly of argillite and
shale, with some graywacke and conglomerate, all cut by dikes; late
Mesozoic or early Tertiary shale, argillite, and conglomerate, with
some intrusives; partly consolidated sand, clay, gravel, and lignite
beds, of Tertiary age; and widespread deposits of glacial moraine
and outwash materials and stream gravel. The general distribution
of the rock formations and the location of the mineral deposits are
shown on Plate V, which with the following notes is taken from a
publication ® that describes in some detail the conditions in this
district at the time of the writer’s visit in 1917.

The first mining done in this district resulted in the recovery of a
little placer gold in 1909. Since that time the interest of the pros-
pectors has centered on the lodes, some of which contain gold, cop-
per, and antimony in encouraging amounts. The ores are not free
milling, however, and the prospective value of the lodes lies in their
possibility of yielding a large tonnage of ore of moderate richness
rather than small quantities of high-grade ore.

The ore bodies occur in that part of the group of Triassic tuffs
and sediments in which calcareous rocks are present, either as lime-

= Capps, 8. R., Mineral resources of the upper Chulitna region: U. 8. Geol. Burvey
Bull, 802, pp. 207-232, 1919, i
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stone, marble, or limy shale. Furthermore, in the vicinity of the ore
bodies there is an unusual amount of igneous material, injected as
dikes into the tuff, limestone, and shale. The ore bodies themselves,
as exposed in the scanty workings, are not sharply outlined and have
not generally a definite veinlike character. They appear to be irreg-
ular masses showing in places heavily mineralized rock that fades out
into less mineralized country rock in all directions. Scattered specks
of sulphides can be found in these rocks over wide areas. The princi-
pal metallic minerals recognized include arsenopyrite, pyrite, sphaler-
ite, chalcopyrite, pyrrhotite, stibnite, and galena, and assay returns
show the presence of gold. Some small distinct veins cut the ore
bodies, and these carry sulphides in a gangue of quartz or calcite, or
both, but most of the ore seems to consist of sulphides that have re-
placed limy rocks, or else it occurs as disseminated sulphides in differ-
ent types of material, including tuff, chert, limestone, and the dike
rocks themselves. The information at hand therefore indicates that as
the result of the intrusion of acidic¢ dikes the intruded rocks suffered
: WM metamorphism. Mineralized solutions from the igneous
mass penetrated the neighboring rocks and replaced certain of the
limy beds. The calcareous beds were not alone affected, however,
for the sulphide-bearing solutions also penetrated certain tuffl snd
chert beds and replaced parts of these beds with sulphides, but the
larger ore bodies, as at present exposed, seem to represent the replace-
ment of calcareous sediments by metallic sulphides. The following
descriptions of the several groups of claims are abstracted from the

 report on this district already cited, written as a result of a visit in
1917. As that report is out of print, fuller descriptions are given
here than for other districts concerning which detailed accounts in
print, are still available.

The Northern Light group of three claims lies on the northeast
side of Costello Creek a short distance below the mouth of Camp
Creek. The country rock comprises a confused assemblage of vol-
canic tuff, impure limestone, and shale, cut by dike rocks, The sedi-
ments and tuff and even the dike rocks are calcareous. The area of
strongest mineralization, which is discolored to a rusty red on the
outerop, is irregular in outline and has a greatest width of about 30
feet. It strikes about N. 65° W. and dips 70° SE. It is apparently
the result of the replacement of a limy bed by sulphides and contains
veins and bunches of quartz. The ore is said to carry gold and silver
in encouraging amounts. The minerals that have been recognized
include arsenopyrite, pyrite, chalcopyrite, sphalerite, and a little
stibnite.

The Lucrative group, consisting of five claims, lies on Costello
Creek near the mouth of Camp Creek. The small amount of de-
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velopment work that had been done at the time of visit showed a
rusty mineralized vertical stockwork in a mass of intrusive rock.
The principal metallic minerals seen consisted of abundant arseno-
pyrite in bluish banded quartz, with some specks of chalcopyrite.

The Silver King group, consisting of two claims, lies on the north-
east side of Colorado Creek about 1} miles above its mouth. The
development work in 1917 consisted solely of open cuts, which failed
to penetrate to solid undisturbed rock, so that little could be seen of
the relations of the ore deposit. The center of mineralization
seemed to be a highly altered dike. The dike probably cuts calcare-
ous sediments, for it contains calcite. There is apparently a large
mass of material that contains abundant sulphides, including arseno-
pyrite, pyrite, chalcopyrite, pyrrhotite, and stibnite, both as mas-
sive aggregates and finely disseminated through the country rock.
The gold and silver content of this material was not ascertained.

The Riverside group comprises several claims that adjoin West
Fork of Chulitna River on its southwest side about a mile above
Bryn Mawr Creek. The development work in 1917 consisted of a
number of large open cuts and some short tunnels and shafts, all at
the base of a steep rock bluff at the edge of the gravel flat of West
Fork of Chulitna River. The rocks exposed include steeply dipping
green to red tuff, with which are associated pale-pink, green, and
blue-gray cherts, locally banded ; rusty-gray and white marble; and
abundant dikes of medium- grnined acidic intrusive rocks. The tuff
is hard and dense and ranges in texture from fine grained to Very. .
coarse. The marble and chert are less abundant but are visible in
several of the open cuts. Tuff, chert, and calcareous beds are all
more or less altered by contact meta.morphimn, as a result of their
intimate intrusion by dike rocks. Such data as could be obtained
from the meager surface exposures and the workings indicate that
here, as at other places in the district, the mineralization consists
in the replacement of calcareous materials by quartz and metallic
sulphides, introduced by mineralizing solutions that were related
to the intruded dike rocks. The ore examined contained abundant
sulphides, including arsenopyrite, pyrite, chalcopyrite, galena, and
probably sphalerite, inclosed in a quartz gangue, and specks of these
sulphides occur without quartz gangue in marble, tuff, and dike
rocks. It is reported that average assays taken over a 12-foot zone
in marble yielded encouraging amounts of gold and silver.

The Lindfors group includes three claims at the head of Bryn
Mawr Creek.  No development work had been done here in 1917
other than some open cuts and strippings. The country rock in-
cludes tuff, marble, and dike rocks in different stages of alteration,
all containing some disseminated sulphides. It is evident that on
these claims the mineralization consists in the replacement of
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calcareous sediments by quartz and sulphides and the impregnation
of different types of country rock with sulphides introduced in con-
nection with the intrusion of acidic dikes. No large body of minable
ore had been developed on these claims at the time they were visited.

The Golden Zone group of three claims, at the head of Byrn Mawr
Creek, is conspicuous on account of the rusty-red appearance of the
hill on which the claims are situated. This hill is composed of a
body of acidic rock that is intruded into an assemblage of material
including tuff, marble, and shale. The intrusive mass is generally
impregnated with scattered specks of sulphides, but locally the min-
eralization has been more intense and the rock is cut by small vein-
lets. These claims in 1917 were developed by many open cuts and
221 feet of underground workings. The metallic minerals that have
been recognized on this property include arsenopyrite, pyrite, sphal-
erite, galena, malachite, and probably stibnite. It is reported that
assays of the average material removed from the tunnel show several
dollars to the ton in gold and silver, and some rather high assays

%oduoed

ector group includes two claims that lie on the Long Creek
side of the divide between Long Creek and West Fork of Chulitna
River, opposite the head of Bryn Mawr Creek. The development
work that had been done in 1917, consisting entirely of shallow open
cuts, revealed a country rock that included the metamorphic equiva-
lents of siliceous shale, graywacke, and tuffs, intricately cut by dikes
and sills of acidic intrusive rocks. Certain chert bands are highly

- siligpoys, but all the other materials are limy. The ore body as ex-
posed consisted of intimately mixed chalcopyrite and pyrrhotite
disseminated through the coarser sediments and the dike rocks. The
sulphides have replaced certain beds, but the chert is almost en-
tirely free from mineralization. The suphides range in abundance
from scattered specks of chalcopyrite and pyrrhotite to masses of
sulphides in which little rock is visible. Assays of the best ore are
said to yield 17 per cent of copper, but sufficient work had not been
done to determine either the size of the ore body or the average cop-
per content of the ore.

The Ready Cash group lies on the northeast side of Ohio Creek,
about 8 miles above the mouth of Christy Creek. The country rock
consists of interbedded argillite, graywacke, and greenstone tuffs, all
more or less metamorphosed. On this property a large quartz vein
8 to 10 feet wide, showing some rusty coloration and stains of copper
carbonate, cuts the sediments. No information was obtained con-.
cerning the assay value of the ore at this property.

The North Carolina group of claims lies in the upper basin of
Antimony Creek, a small tributary of East Fork of Chulitna River
that joins that stream from the east 1 mile above its mouth. The
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country rock consists of shale, impure limestore, and graywacke,
cut by basic dikes. At one place an antimony lode has been found,
consisting of stibnite in a quartz gangue. The only opening on the
ore body was caved in at the time of visit, but the dump showed sev-
eral tons of massive stibnite ore that included both finely granular
stibnite and a mixture of granular stibnite with coarse acicular crys-
tals of the same sulphide. Some specimens contain considerable
quartz, but in others there was almost no gangue. The workings
were insufficient to determine the size or position of the ore body.

Throughout this general region there are many other lode pros-
pects that are not here described individually, either because too
little development work had been dome to demonstrate the position
or relations of an ore body, or because they were not visited. They
are of general interest, however, in showing that sulphide min-
erals are widely distributed in this district, and there is every
prospect that producing mines will be opened on some of the lodes
in this general vicinity.

As in so many places in the Susitna basin, there are many Joealities
in the headwater region of Chulitna River in which early Tertiary
beds containing lignitic coal have been found. Some of those locali-
ties are shown on the accompanying geologic map (PL I). Although
the structure of the coal-bearing beds differs from place to place, the

association of beds is everywhere similar, slightly consolidated clay,

sand, and gravel being interbedded with lignite. The lignite is of
about the same average quality as that mined in the Nenana

At a number of localities small quantities of this coal have Hégﬂ :

mined for domestic fuel, and large quantities of it are available,
but it is of too low grade for other than local use. The similarity in
character, structure, and general appearance between the coal forma-
tion of the upper Chulitna basin and that of other parts of the Su-
sitna basin and the Nenana coal field suggeats strongly that all these
deposits are of about the same age.

VALDEZ CREEK DISTRICT.

The Valdez Creek gold placer district lies at the east margin
of the area here under discussion, in the upper reaches of Susitna
River. Valdez Creek joins the Susitna from the east some 25 miles
below the source of that stream in Susitna Glacier. (old was first
discovered in this district in 1903, and although the area of workable
gold placer gravel is small, mining has been carried on v1gor0ualy
until within the last few years. The conditions in this district in
1910 are described at length by Moffit, ** and the following notes are
abstracted from his report. Most of the placer gold produced has

@ Mofit, F'. H.,, Headwater regions of Gulkana and Susitna rivers, Alaska: U, 8. Geol.
Burvey Bull. 498, 1912,
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been taken from a few claims at the west end of Valdez Creek, just
above the place where the canyon opens out into the flats of Susitna
River, and from Lucky Gulch. "In the vicinity of the mines on Val-
dez Creek that stream has cut its canyon through the gravel into
the slate beneath to a depth of 175 feet and in so doing has inter-
sected an older gravel-filled canyon whose bottom is 60 feet higher
than the present creek level. The largest deposits of gold placer
gravel were found in that old gravel-filled canyon and in the present
creek gravel below the old canyon, md.lcatmg that the present
stream gravel derived its gold from the erosion of an older, buried
placer deposit. The bedrock source of the gold is believed to be
) certam iron-stainéd siliceous veins containing pyrite, sphalerite,
-galena, which cut Upper Triassic slate. These veins, though
Im to be gold bearing, have nowhere been found to'be minable
as gold lodes. The placer depos1t. in the old buried channel of Val-
dez*Creek is of preglacial origin and is another indication that in
t.he region south of the Alaska Range there were probably many
ricliplacer deposits in preglacial time but that most of these
deposxta were destroyed by the advancing ice, and the gold was
scattered. It is only in such exceptional places as the Valdez Creek
dlstrlct, where the older placer deposits were buried and preserved,
bt 'at:a. fow other places where postglacial concentration of gold from
glaclal deposits or from the bedrock source has occurred, that placers
are now found.

#On.Valdez Creek mining has been most profitable on four or five
" cmmums, on which the richest gravels have now been mined, and
on the Tammany bench claim, which includes the old buried canyon.
This old canyon was mined by a tunnel from Valdez Creek, which
i*1940 was about 700 feet long. The pay streak is 100 feet or less
ifwidth.. - Most of the gold is found in the lower 5 feet of the gravel
filling.: Aditeh 8,600 feet long was constructed to bring water to
this claim for hydrsulic mining, and some hydraulic' mining has
been done, but the remoteness of the district has made operations
«expensive, and mining has been mterrupted from time to time. It
is'said that much rich ground still remains to be worked.

Aside from the claims on Valdez Creek, described above, the only
other mining of consequence in this district has been on Lucky Gulch,
about 6 miles east of the main camp on Valdez Creek. The bedrock
. is the Upper Triassic slate series. The gulch is narrow, and the

stréeam deposits, consisting of angular fragments and slabs of slate,
are in places as much as 25 feet thick. The gold in this gulch is
exceptionally coarse, nuggets weighing 32 and 52 ounces having been
found.

Prospects on White and Rusty creeks give some hope that these
streams also contain workable gold placers.
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BONNIFIELD REGION.

The Bonnifiéld region is generally understood as that part of the
north slope of the Alaska Range and its outlying foothills that ex-
tends eastward from Nenana River to Delta River. Gold was first
discovered in this region in 1903, and since that time placer mining
has been carried on continuously, and the gold production, though
never large, has been steady. Gold lode prospects have received
some attention for more than 15 years, and within the last half
dozen years a number of lodes confaining gold, bismuth, and anti-
mony have been staked and some development work has been done
on them, but no actual mining has so far been done on metal-bearing
lodes. The Bonnifield region was visited by Capps® in 1910.

In 1916 parts of the Nenana coal field were studied in detail by
Martin,* the lode prospects of the region near the Nenana coal field
by Overbeck,” and the gold placers of the same area by Maddren.®®
The following notes are abstracted from these reports, to which the
reader is referred for fuller descriptions of the individual mines.

GOLD DEPOSITR.
The localities in which placer gold in paying quantities has been

found in this region all lie in the foothill belt between the Tanana™ -

Flats and the high schist range to the south. . The: present streams de-
rived the gold from a variety of sources, chief of which is a heavy
deposit of ancient high gravel that is widely distributed in this re-
gion and is known to contain some gold at many places: At ohe
or two places, however, the gold of the present streams seems to have
come directly from a bedrock source in lodes that have been eroded
by the streams in postglacial time. Almost all the gold placer de-
posits in the Bonnifield region are either in the valleys of relatively
small streams that escaped invasion by glacial ice during the last
great ice advance or in postglacial valleys cut into.thie Nenana gravel
and bedrock since the glaciers retreated. Attempts have been made
at many places to mine the Nenana gravel in a small way, and one
large hydraulic plant was installed for this purpose on Gold King
Creek, but none of these operations have been financially suecessful,
for apparently the gold in the Nenana gravel is too widely dis-
tributed and insufficiently concentrated to justify mining unless it
has been reconcentrated by the present streams.

According to present reports the most extensive mining operations
in 1922 were on Moose Creek, a tributary of Nenana River, and on

& Cappé, 8. R., The Bonnifleld region, Alaska: U. 8. Geolr Sirvey Bull.-501, 1912,

8 Martin, G. C., The Nenana coal flelds, Alaska : U. B. Geol. Burvey Bull. 864,.1019.

® Overbeck, R, M., Lode deposits near the Nenama coal fleld: U, 8. Geol. Survey Bull,
862, pp. 857-862, 1617, _

% Maddren, A. G., Gold placers pear the Nenana coal fleld: Idem, pp. 363-402,
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Fotetlanika River and its tributaries. The placer-gold output of
‘the Bonnifield region in 1922 was about $10,000, and the total out-
put from 1903 to 1922 has been about $285,000.

There has been no lode mining of metals in the Bonnifield region,
but there are a number of lode prospects that offer some promise.
These ‘include the gold-arsenopyrite-bismuth lodes on Moose and
Eva creeks and a few gold quartz lodes on McCuen Gulch and in the
basin of Woed River. The country rock of the lode prospects on
Moose and Eva creeks and in the Totatlaniks basin is a dark car-
bonaceous phase of the Totatlanika schist which has been cut by
igneous dikes. Too little work has yet been done to outline the ore
bodies, or to determine whether any of them sxe likely to develop
into mines.

NENANA 003!; FIELD.

One of the most valuable mineral resources in the region tributary
to the Mask,a. Railroad is the coal of the Nenana field, which includes
itk ikg areas that lie in or near the basin of Nenana River.

“In that field occur the thickest sections. of the coal-bearing series
that have been examined and the largest smount of minable coal,
but similar coal-bearing beds are known to occur at intervals ale»ng

ke enfire northern flank of the Alaska Range, from Muldrow

Glacier on the west to the international boundary on the east.
Naturally the availability of transportation amd the grade of the
msl? will determine the localities that will be first developed, and

therefope the favorable location of the series of thick coal beds in
the valleys of Healy and Hoseanna creeks, directly adjoining the
aew railroad, will hasten their devolopmant, whereas -many other
coak beds situated at more remote points will long remain unde-
veloped or st best will be opened to supply only local needs.

As a detailed examination was made by Martin * of the surveyed
coal lands just east of Nenana River, only a general statement con-
cerning this field will be given here. The coal, which is a lignite of
~ svery fair grade, occurs in a series of Tertiary sediments consisting
of“slightly consolidated sand, clay, and gravel, which reaches a
knows;: thickness of 1,200 to 1,500 feet. The coal-bearing beds rest
unconformably upon pre-Cambrian or Paleozoic schist and igneous
rocks and are overlain unconformably by later Tertiary or Quater-
nary gravel, 1,500 or 2,000 feet thick. The structure of the coal
beds is fairly simple. The individual coal areas consist of shallow
and gently warped basins in which the beds are locally folded or
faulted against the older rocks that separate the basins. The dips
are’in- general not greater than 10° or 15°, though there are local

7 Martin, G. C., The Nenana coal field, Alaska: U, S, Geol Survey Bull. 664, 1919,
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“zones in which the dip is steeper, as well as broad areas inwhich
the rocks lie nearly flat. No intrusive rocks are known to cut the
coal measures in the areas near Nenana River, though farther west,
in the Kantishna region, similar coal-bearing beds contain abundant
fragments of igneous material and are believed to be cut: by dikes.

The coal of the Nenana field occurs in many beds of different
thickness, the thickest measuring perhaps 30 to 45 feet, though locally
some beds have been thickened by deformation to considerably more
than that. The lignite beds are distributed rather uniformly through
the coal measures, and there are at least twelve coal beds of work-
able thickness, and six or more measure over 20 feet. A single sec-
tion measured on Healy Creek showed a total thickness of 230 feet
of coal in 23 beds, of which seven beds contain 174 feet. Analyses
show that the coal is a lignite of good grade, of about the same
quality as that of Cook Inlet. It has been estimated that the Nenana
coal field contains reserves of more than 9,000,000,000 tons.

Prospecting and mining of coal in the Nenana field has been
greatly stimulated since railroad transportation’has:been kiwilable, -
Several coal beds along Nenana River and on Hoseanna and Healy
creeks have been opened, and a considerable tonnage of coal has
been mined for the railroad and for general use in Nenana and the
Fairbanks district. Already the cost of fuel for domestic pur--
poses, for power, and for steam raising in the Fairbanks placer
mines, where it is necessary to thaw the frozen ground, has been
reduced. This coal will continue to furnish a valuable and much
needed fuel supply for a large area in interior Alagka, but its market
is likely to continue to be limited to that area, as-it is of too low
grade and too fragile to stand shipment outside of Alaska in com-
petition with higher-grade coals and oil.

In the spring of 1923 vigorous development was begun on & coal
bed that crops out just west of the railread, at ‘mile 841, near
Yanert station. The occurrence of coal at this Ioeality is of especia.l
interest, for the coal bed lies in the Cantwell formation, of early
Tertiary age, and is the first workable coal bed that has been found .
in that formation. During the summer of 1923 mining developments
demonstrated that the coal bed contains from 5 to 6 feet of workable
coal lying interbedded with the steeply dipping shale, sandstone,
and conglomerate of the Cantwell formation and clesely paralleled
on its hanging wall by a thick sill of intrusive rock. The coal is
a bright, clean, noncoking bituminous coal amd is apparently of
higher quality than any of the other coals of the Nenana field.
In appearance and in analysis it compares favorably with the better
coal of the Matanuska Valley. The discovery of good bituminous
coal in the Cantwell formation opens up interesting possibilities,
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for that formation is of widespread distribution in the Alaska Range,

‘and it may contain workable coal beds elsewhere. Mining develop-

ments on coal in the Cantwell formation are, however, not yet far
enough advanced to determine whether the guality of the coal has
been affected favorably or unfavorably by the near-by intrusive sill.

EANTISHNA DISTRICT.

The Kantishna mining district is about 60 miles west of the rail-
road on the north side of the Alaska Range, about 30 miles north
of Mount McKinley. Gold-placer mining has been conducted there
continuously each summer since 1905, and for the last ten years
or so lode mining and prospecting has attracted increasing attention.
Although the yield of placer gold has never been large, it has been
steady. The value of the gold produced in 1922 was about $32,000,
and the total value of the placer output of this camp from 1903
to 1922 is $509,000.

The geology and the location of the mineral deposits of this
“~dintfict are shown on the accompanying map (PL VI). The bed-
rock in the vicinity of the placer mines is the Birch Creek schist,

" which is eut by some acidic intrusive bodses' and the placer gold
“#..dg balieved to have been derived by the erosion of gold-bearing quartz

veirtsd‘that cut the schist. Some of these veins also carry rich silver-
bearing galena, and others have large deposits of stibnite. In 1921
the known mineralized area in the Kantishna district was extended

-southward nearly 20 miles by the discovery on Copper Mountain,

just west of Muldrow Glacier, of sulphide veins that occur in quartz-
ite, limestone, and slate cut by granodiorite. These veins carry gold,
silver; and copper.

Thégeology and mineral resources of the Kantishna district were
studied by Capps®® in 1916, and the reader is referred to his report
for the details of mining developments up to that time. There is
given here only a brief summary of the mining activities in the dis-
trict and of developments since 1916.

GOLD PLACERS.

'For many years after the discovery of gold in the Kantishna
distriet in 1915 the interest of miners and prospectors was confined

- to'the gold placer gravels. Mining was done on many streams that

héad “in the Kantishna Hills, but the chief activity has always
centered on Moose Creek and its tributaries, Glen, Eureka, and
Friday creeks, and on Glacier and Caribou creeks. On all these
streams most of the gold produced has been obtained from the creek

= Capps, 8. B., The Kantishng reglon, Alaska : U, 8, Geol, Burvey Bull, 887, 1919
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gravel, which is generally of moderate thickness and lies on a schist
bedrock. The gold in this district is coarse, nuggets worth as muech
as $900 having:-been found. Eureka and Friday creeks in particular
are noted for the rough, unworn character of their placer gold, which
hag evidently traveled only a short ﬁatance froth its badroc’k source.
there are extensive deposits’ 6f bench gravel that are known to carry
gold in encouraging amounts and are susceptible of large-scale
hydraulic mining. Moose Creek has also much ground that has been
prospected for dredging. In 1922 two, large hydraulic mines were
opened in this district. One, the property of the Kantishna Hydrau-
lic Mining Co., is on Moose Creek, the ground extending from & point
near the mouth of Eureka Creek for about 8 miles downstream.
Water is procured from Wonder Lake and is brought to the mine
through a ditch and a steel pipe. The-placer, gravel is underlain by
a false bedrock of sticky blue clay at a depth of 6 to 10 feet. The
depth to true bedrock is not known. The richest ground s igl;nd
near the false bedrock, although some gold is distributed throt
the gravel. Hydrauhc giants with nozzles ranging from 3 to 4
inches in diameter are used. Seven men were employed in 1922,
and a large amount of gravel was sluiced. <5

A hydraulic mine was opened in 1922 on ground. s&[d to ]B&hldﬁ-ﬂ»ll
the creek gravel along Caribou Creek for several miles and & large
number of bench claims. Mining was done on the gravel of Caribou
Creek about 2 miles below Last Chance, the water being taken from
Caribou Creek by ditch and steel pipe. A large area of bedrock is
said to have been uncovered.

The installation of large-scale hydrauhc—mmmg operations in the
Kantishna district will, if successful, greatly increase the plaeer.out-
put from this camp and encourage the thorough prospecting of other
areas which are known to be gold bearing but in which the gold con-
tent of the gravel is too low to support mining on & smell scale,

GOLD AND BILVER LODES,

For the last 10 years it has been known that this district contains
quartz vein deposits that carry a promising content of gold and silver.
Most of these lodes lie within a small area along the high ridge of the
Kantishna Hills, between the big bend of Moose Creek and Spruce
Peak, an area underlain by the Birch Creek schist, cut by a few
granitic intrusive masses. The veins are fissure veins that cut across
the foliation of the schist, are undeformed, and were therefore de-
posited after the last period of deformat:on that affected the. schmt ¢
They are probably genetically related to the granitic intrusive rocks
that cut the schists and that are abundant a few miiléd south of this
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area. Many of these veins have been prospected by open cuts, tun-
nels, and shafts, and the quartz has in places been shown to carry a
high content of free gold and silver-bearing galena. No mining has
been done on veins whose chief value is in gold, but in 1919 a silver-
bearing galena deposit, lying between Eureka and Friday creeks, was
opened up, and about 1,100 tons of hand-picked ore has been shipped.
This ore yielded about 140 ounces of silver and $3.25 in gold to the
ton, also :some lead and copper. It is believed that some of the richer
gold-silver quartz veins will be found rich enough to justify mining,
2s exceptionally high assays in gold and silver have been obtained
from some of them.

In 1921 sulphide-bearing lodes carrying gold and silver were dis-
covered on the south flank of the Alaska Range some 20 miles south-
east of Eureka Creek, in what is called the Copper Mountain dis-
trict.?® This district lies just east of Muldrow Glacier. Granodiorite
nu,the prevallmg country rock and is found in large areas and as

.entguartzite, limestone, and slate that are probably of
ZOiC age. The ore-bearing zone has been traced for about 2
_miles and is characterized by abuadant sulphide minerals eoncen-
7 Trate Nt ore bodies. Some of these bodies have definite walls; in
wsm@ibers the ore grades into the country rock. They occur chiefly in the
quartzite, but seme are in the granodiorite and others at the contact
betwedh the two. The ore consists chiefly of galena, chalcopyrite,
&% zinc blende, pyrite, and bornite, with galena predominating. The
W and country rock, chiefly quartzite. Grab samples
have’ as much as 270 ounces of silver and $8 in gold to the ton
and from 1 to 8.8 per cent of copper. Up to July, 1922, little work
had been done on these claims, and their value could not be predicted,
but the surface exposure fully justified careful prospecting.

ANTIMONY LODES.

A number of lodes in the Kantishna distriet contain considerable
deposits of stibnite, the antimony trisulphide, and mining or develop-
ment work has been done on at least three lodes, with the purpose
of shipiping the ore for its antimony content. Genetically the anti-
mony lodes are related to the gold-silver lodes already described,
and the veins have the same association of minerals, but in the anti-

-..mony lodes stibnite occurs in large masses containing only small
" amounts of gold and silver, whereas in the gold-silver lodes anti-
mony, although occasionally recognizéd, is a minor constituent.

Although the presence of considerable masses of stibnite in veins
in this distriet has been known since the first years of mining, it

® Brooks, A. H., The Alaskan mining Ipdustry in 1921: Us 8. Geol. Burvey Bull. 739,
pp-85-87, 1922,
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was not until the demand for antimony during the World War raised

the price.of that metal to many times its preswar value that any
attempt was made to exploit these veins. In 1915 the Taylor mine,

on Slate Creek, was opened, and by 1916 about 125 tons of hand- -
picked ore had been mined and preparations were made to ship the
ore out by way of Kantishna River to the Tanana and thence to
Seattle. Before the ore was shipped, however, the price of antimony
declined so that this ore could not meet the high cost of transporta-
tion, and it was never marketed. In the Taylor mine the stibnite
formed an ore body along a well-defined fissure in the Birch Creek
schist. The ore body had a maximum width of 15 feet and consti-
tuted a reticulated stockwork of quartz and stibnite with irregular
bunches and horses of decomposed clayey schist, all much broken and
confused. The stibnite occurred in veinlets and veins of almost pure
stibnite and in irregular lenses and bunches.

The only other antimony lode on which any mining has been at-
tempted is on Stampede Creek, a tributary MW of
Toklat River from the southwest. There a large open cut, exca _
in 1916, disclosed a large body of nearly pure stibnite, apparently at
least 12 feet thick. About 40 or 50 tons of selected stabmtu’m'\-—
entirely free from gangue or impurities had been mined and stacked,..-
but none of this was ever shipped. Too little work had been done at
the time of examination to disclose the size or relations of this ore

body. it
A third antimony lode, on upper Canbou Greek, was proapw_
in 1906 by two shafts 30 and 40 feet deep. These sha AOW

mixture of quartz and stibnite in a vein cutting hornblende schlst.
This ore body, as developed by the shafts, does not appear to be as
large as either of the two lodes already described. Assays showed
the ore from this place to carry from a fraction of an ounce to 4
ounces of silver to the ton. No attempt has been madn to mine this

lode.
FAIRBANKS DISTRICT.

GOLD PLACERS,

The Fairbanks mining district lies on the north side of Tanana
River, in the extreme northwest corner of the area here considered.
The town of Fairbanks is the inland terminus of the Alaska Rail-
road. From the beginning of placer mining in 1903 to 1922 this
district has produced over $72,037,000 worth of gold—$71,973,000 in -~
placer gold and $367,000 in lode gold—also nearly $377,000 worth of
silver, all recovered as an alloy with the gold. -No mining for silver
as the chief metal produced has been done in this district.

The geology of the Fairbanks district is shown on the accompany-
ing map (PL VII). This district has been VlBlth. by many geol- .
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ogists of the Geological Survey, and descriptions of the mining de-
velopments year by year have been published in the annual reports
on the mineral resources of Alaska. The most complete report on
the geology and mineral resources of the Fairbanks district is that
by Prindle, Katz, and Smith,** which describes in detail the mining
developments that had taken place up to 1912. The reader is re-
ferred to that report for general information about the Fairbanks
quadrangle. The present brief account is summarized from that
report and from the various other Geological Survey publications.

The geology of the Fairbanks district may be stated in very simple
terms. The prevailing bedrock is a schist of sedimentary origin
known as the Birch Creek schist, cut by moderately large to small
masses and dikes of granitic intrusive rock. Most of these intrusive

~ maseés are t0o small to be shown on the accompanying geologic map
(PL I), but many are shown on Plate VII. There is believed to be a
genetic relation between these acidic intrusive rocks and the gold-
bearing quarte veins in the schist, the erosion of which has supplied
lig gold to the placer deposits. The erosional history of this district
has been complex, a period of stream erosion in which deep broad
valleys were cut into the schist and intrusive rocks having been fol-
-lowed in late geologic time by a period of more sluggish drainage,
during which thick deposits of stream gravel, muck, and ice filled
these valleys to a depth of several hundred feet. This filling was
once much deeper than it is now, as shown by elevated terraces of
and gravel, but in their lower courses all the major streams still
ow on'the Stirface of a deep valley filling, the bedrock lying as much
wm&,m -or even 300 feet below the present stream plsin. ~ A fuller
: Bx:phntm»f the causes for this deep burial of the rock valley
floorsis-given in another section of this report.

Teamain concentration of placer gold in the Fairbanks district
took place before the old valleys were filled with their present great
accumulations of material. This material is now generally frozen
solid. To prospect and mine these old buried pay streaks, which
usually are found on or near bedrock, it is necessary to sink shafts
through the frozen valley filling, and if paying ground is found
on bedrock, then the gold-bearing gravel must be thawed and brought
to the surface, and the gold extracted by the ordinary methods of
washing the gravel through sluice boxes. A large part of the gold
.- recovered in this district has been mined in this way. In other
places; however, principally near the heads of the streams, where the
altitude of the bedrock floor is greater than the height to which the
valleys ‘have been filled, the bedrock approaches closer to the sur-
face, the streams flow over a gravel filling of only moderate depth,

L

. #Prindle, L. M., Kats, F. J,, and Smith, P. 8., The Falrbanks gquadrangle, Alaska :
" V. 8. Geol. Burvey Bull, 525, 1913,
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Birch Creek schist, in gamtic‘mlution to gmnitio intrusive rocks.
The metallic minerals in the antimony veins are the same as in
the gold quartz veins, the principal difference being in the greater
abundance of stibnite and the smaller gold content of the veins that
have been mined for antimony. It is not likely that the antimony
mines of this district will again be actively exploited unless there
is some great increase in the price of antimony, and such an increase
can not be foreseen.
TUNGSTEN LODES.

During the war years 1915 to 1917 tungsten, like antimony, was
in great demand and commanded a high price. It had been known
for many years that tungsten-bearing minerals occur in the Fair-
banks district, and under the stimulus of high prices prospecting
for tungsten lodes was vigorous, and in 1915 and 1916 workable lodes
were discovered and mining begun. The principal numng was done
on the divide at the head of Gilmore Creek, thoigh premising pros-
pects were also found on the divide between First Chance andSteele -
creeks, At the principal producing properties, the Tungsten and
Scheelite claims, at the head of Gilmore Creek, the country rock
consists largely of crystalline limestone that is extensively silicated
at certain horizons; this silicated limestone contains mineralized
zones or ore shoots that carry the tungsten mineral scheelite in
amounts that constituted workable ore at the prices obtainable in
1915. The scheelite is disseminated through the country rock and
a.lso occurs in pegmatite. There are two bodies of porphyritic
gramte within two-thirds of a mile of the ore deposits, and the pres-
ence of tungsten-bearing pegmatite :plainly. indicates the genetio
relation of the scheelite to the granitic intrusives. -

On the Tanana group of claims, at the head of First Chance Creek,
a number of scheelite-bearing lodes, in quartzite schist country rock,
were prospected, and some mining was done. The ora occurs in min-
eralized zones 3 to 8 feet thick, lying parallel to the major structure
of the schist or at its contact with granitic intrusive bodies. The
scheelite is in part disseminated in the country rock, in part in gold
and scheelite bearing quartz veins and veinlets and as scheelite-
bearing pegmatite.

On the Black Joe and Mizpah claims, on Fairbanks Creek, scheelite
occurs in a gold-bearing quartz vein in quartzite schist; the gold
and the scheelite, however, are found in different parts of the vein.

On at least half a dozen other claims in the district scheelite lodes
have been discovered with geologic relations similar to those in the
lodes already deseribed. Since 1917 all mining on tungsten lodes in
the Fairbanks district has ceased, as the decreased price for the metal
has made mining unprofitable,
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HOT SPRINGS DISTRICT,

* Gold placer mining began in the Hot Springs district in 1902 and

has been continued each year since. The gold yield from this dis-
trict has aggregated $6,268,000 up to 1922 and in seven separate years
reached a value of $400,000 or more, but in 1921, as a result of the
high cost of mining, the output fell to $35,000. In 1922 $55,000
worth of gold was produced, and a further increase in output is
likely to follow the cheapening of mining operations that will be
possible, now that railroad transportation from the coast to Tanana
River is available.

The most complete report on the geology and mining of the Hot -
Springs district is that by Eakin.*® The following notes are ab-
stracted from that report and from various other later publications.

All the gold mined in this district has been taken from placer
deposits. The bedrock source of the gold is believed to be in the
slate, quartzite, and schist of the Tonzona group, probably of Silu-
rian or Lower Devonian age. This series of altered sediments is
cut by abundant quartz veins, and although none of these veins have
yet proved rich enough to make lode mining profitable, many of
them are known to contain gold. There is some evidence also that
-@eld. occurs locally in the slate and quartzite without quartz gangue
and in hematite bodies near Hot Springs and on Roughtop Moun-
tain. No doubt all these sources have contributed gold to form the
placer deposits. The placer gravel of Sullivan Creek also carries
considerable amounts of the tin oxide, cassiterite. The abundance
of cassiterite in the gravel deposits varies with their richness in
gold, the placers that contain the most gold also carrying the highest
proportion of cassiterite. The district has produced several hundred
tons of tin ore, although the tin saved has been a by-product of gold
mining. In fact, many operators consider the tin to be a nuisance,
its presence causing a greater increase in the cost of separating the
gold than its market value. The source of the tin is not known, and
no tin-bearing lodes have yet been found.

The principal mining activities of the Hot Springs district are
centered around Tofty, on Sullivan Creek; on American Creek; and
in the basin of Baker Creek, which lies just north of the area cov-
ered by Plate I and is therefore outside the field of this discussion.

The gold placers in the headward portion of the Patterson Creek
basin and on American and Woodchopper creeks are of especial
interest in that in many places they have no evident relation to the
present streams. Much of the placer gravel mined occurs as benches

4 Pakin, H. M., Reconnaissance of the Rampart quadrangle, Alaska: U. B, Geol, SBurvey
Bull. B85, 1913,
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on gently sloping hillsides, where the well-rounded gold-bearing
gravel is overlain by silt or by black muck and silt. Much of the
mining has been done by drifting, and the depth to the pay streak
was in places as much as 70 feet.

Recent operations near Tofty include hydraulic mining after the
ground had been thawed by the cold-water method, and this has de-
creased mining costs in an encouraging way. The lack of sufficient
water for extensive mining is a serious handicap.

On American Creek mining has recently been done by means of a
steam scraper in ground that averaged about 9 or 10 feet in depth
to bedrock before the surface muck was removed by ground sluicing.
~ Some drift mining is still carried on there. '

AL LY



THE COLD BAY-CHIGNIK DISTRICT.

By W. R. Syt and ArTHUR A. BAKER.

INTRODUCTION.
LOCATION AND AREA.

The area described in this report lies on the southeast side of
the Alaska Peninsula west of Kodiak Island and extends from a
point 15 miles northeast of Cold Bay for 160 miles southwest along
the peninsula to the northeast side of Chignik Bay. This area lies
between meridians 155° and 158° west and parallels 56° and 58°
north. The northeastern portion of the area includes a part of the
Cold Bay district, which has already been described by Capps.!
“@old Bay lies on the southeast side of the Alaska Peninsula at
longitude 155° 30’ west and latitude 57° 45’ north. The mappmg
by the Geological Survey in 1922 is a continuation of the mapping
_begun by S. R. Capps and R. K. Lynt in 1921. The geographic
boundaries of the area of which a geologic map has now been made
are, in the northeastern part, Becharof and Ugashik lakes on the
west, the Kejulik Mountains on the north, and the coastal mountains
from a point near Mount Katmai to Cold Bay on the east. Between
Cold Bay and the southwest end of Wide Bay the mapping has been
carried to the shores of Shelikof Strait. Between Wide Bay and
Amber Bay the area mapped is about 18 miles wide and lies west of
the main crest of the Pacific coastal range and east of a broad ex-
panse of low land bordering Bristol Bay. From Amber Bay to
Chignik Bay the mapping has been carried to the coast. The total
area mapped geologically in 1922, lying between the head of the
Kejulik Valley and the northeast end of Chignik Bay, includes about
2.500 square miles.

PREVIOUS SURVEXS.

The first extensive charting of the coast line of the peninsula was
begun in 1827 by Capt. F. P. Lutke, who was sent out by the author-
ities at St. Petersburg to make a careful survey of the north coast.

* Capps, 8, R., The Cold Bay district: U. B, Geol, Survey Bull. 739, p. 77, 1922
151
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Several years later the south coast was mapped by Ensign Vasilief.
Although numerous surveys of parts of the Alaska Peninsula have
been made since Alaska passed into the hand of the United States,
there remain stretches of many miles of coast line which have not
been charted since the work of Lutke and Vasilief and for all exist-
ing maps of which their charts are still the basis.

The occurrence of petroleum in sedimentary rocks of the Alaska
Peninsula has been known for over half a century, but until the
present investigation only a small part of the peninsula had been
mapped either geologically or topographically. The earliest refer-
ences to the occurrence of petroleum were made in 1869 by David-
son? and Dall,® who reported the presence of a seepage near Katmai
Bay, northeast of Cold Bay. A bibliography of publications refer-
ring to the occurrence of petroleum in Alaska, compiled by Martin,*
was published in 1921. - The only additional publications that have
appeared since then are the report on the Cold Bay district by
Capps® and that on Iniskin Bay by Moffit.®

Previous surveys in the Cold Bay region have been confined
largely to hasty reconnaissance trips along the coast and into the
more accessible parts of -the region. Several expeditions visited
Cold Bay to study and report on the thick stratigraphic and struc-
tural sections exposed there, and the general geology of the country
adjacent to the shores of the bay has been known for many years.
During the oil excitement in 19034, when the wells were drilled
near Cold Bay, G. C. Martin visited the well sites, and a report of
his findings has appeared in several publications. In 1921 S. R.
Capps made a reconnaissance survey of the country between Wide
Bay and Cold Bay, which supplied more accurate information on .
that area. The territory immediately north of Cold Bay and south-
west of Wide Bay had remained virtually unexplored, as they had
been visited only by a few trappers and prospectors. Within the
last two years many oil claims have been staked in the Kejulik River
valley and near Aniakchak Bay.

The country near Mount Peulik has been somewhat better known
than that north of Cold Bay and southwest of Wide Bay, but until
work wasdone there by Capps in 1921 no authentic geologlc knowledge
of it was available. Many prospectors were attracted to the so-called
“ west field,” lying southeast of Mount Peulik, during the oil excite-
ment in 19034, but no systematic mapping was undertaken and no
accurate information was published. Private examinations have

2 Davidson, George, Coast Pilot of Alaska, 1869, p. 36,

8 Dall, W. H,, idem, p. 199.

4+ Martin, G. C.,, Preliminary report on petrolenm In Alaska: U. 8. Geol. Burvey Bull.
719, pp. 75-80, 1821.

5 Capps, 8. R., The Cold Bay district: U. 8, Geol. Burvey Bull. 739, pp. 77-1186, 1922,

¢ Moffit, F. H., The Iniskin Bay district: Idem, pp. 117185,
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made at different times with the idea of developing the area if
it held sufficient promise of oil production. In 1918 a geologist made
an examination for a group of claimants, and in 1921-22 geologists
reported on this area for several different oil companies. Surveys
other than geologic have been carried on by the United States Gen-
eral Land Office, which had parties in the field in 1920-21 and west
of Kujulik Bay in 1921-22, establishing land lines to which claim
surveys could be accurately tied. In 1921 a reconnaissance topo-
graphic map of the region between Cold Bay and Portage Bay was
made by members of the United States Geological Survey. The sur-
vey of oil-claim boundaries has been carried on so energetically that
the vast network of claims has practically all been surveyed.

A geologic and topographic reconnaissance map of the country
bordering Chignik Bay as well as the Herendeen Bay and Unga
Island region was made by Atwood and Eakin in 1908, and a report
on the work was published the following year,’ and a fuller report
containing geologic and topographic maps in 1911.* The coal re-

-aoupces0f these districts have been mentioned in several other publi-
cations. The region lying between Wide and Chignik bays had not
been examined by members of the United States Geological Survey
before the summer of 1922. Some of the chief physiographic fea-
tures, such as Mount Chiginagak and the larger lakes and streams,
were named or indicated on the Russian maps, but otherwise the
greater part of the interior was unknown. The coast and the south
side of the mountain range between Wide Bay and Amber Bay has
not been mapped since the acquisition of Alaska by the United States.

PRESENT INVESTIGATION.

In the spring of 1922 two combined geologic and topographic par-
ties 'were organized, one in charge of R. H. Sargent with W. R.
Smith attached as geologist and the other in charge of R. K. Lynt
with A. A. Baker as geologist. Each party consisted of 6 men and
10 pack horses. The parties sailed from Seattle June 4 and landed
at Portage Bay June 15. Mr. Sargent’s party continued westward,
and Mr. Lynt’s party made a circuit through the country surrounding
Mount Peulik and then tied on to previous work at Cold Bay and
carried the survey northeastward into the Kejulik Valley.

Mr. Sargent’s party made a topographic and geologic reconnais-
sance survey for about 90 miles parallel to the west side of the coast
range southwest of Wide Bay and arrived at Chignik in September.
The season’s work resulted in a topographic map of an area of about

7 Atwood, W. W., Mineral resources of southwestern Alaska: U. 8, Geol, Survey Ball,
879, pp. 108-152, 1909,

8 Atwood, W. W,, Geology and mineral resources of ‘the Alasks Peninsula: U. 8. Geol.
Burvey Bull, 467, 1922,
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8,000 square miles-on a scale.of 1:180,000 and a geelogic examfm.-
tion of an area of about 2,000 square miles. Mr. Lynt’s party made
a topographic map covering an area 6f about 1,200 square miles on
a scale of 1:180,000, largely by phote-topographic methods, and a re-
connaissance geolegic map of an area of about 500 square miles. The
work of the two parties thus résulted in a topographic map of about
4,200 square miles and a geologic map of about 2,500 square miles.
(See P1. VIIL.)

The vicinity of Cold Bay was the scene of much activity during
the summer of 1922, as it had been in 1921. Besides the United
States Geological Survey parties, several geologists, representing at
least three different oil companies; were making examinstions of the
possible oil-pool locations. One of the companies, which Iater im-
ported drilling equipment, had several-men engaged in work prelimi-
nary to drilling, such as choosing a harbor, selecting one of several
possible routes for a road, and deciding on a well site. Two different
surveyors had parties mak:mg boundary surveys of oit-elaims.

Thanks are due to R. H. Sargent and R. K. Lynt for furnishing-
base maps in the field and for unfailing assistance in furthering the
writers’ investigations. To Messrs. Adolf Van Hammel, Charles
Weideman, and C. W. Olsen acknowledgment is due for supplymg
Mr. Sargent’s party with several essential articles of food at Aniak-
chak Bay. Obligation is also acknowledged to the offieials of the
Northwestern Canneries Co. for the use of a boat at Chignik Bay.

GEOGRAPHY.
TOPOGRAPHY.

The general geographic features of the Alaska Peninsula have
been so well described in at least two reports ® that only a brief sum-
mary will be given here. The peninsula is a ‘wedge-shaped land
mass extending from northeast to southwest and tapering toward the
southwest end. It is about 550 miles long and at its northeast or
landward end 100 miles wide. The coast line is very irregular, hav-
ing many indentations and large bays which in a few places near
its southwest end almost cut through the peninsula. The Aleutian
Range runs practically the entire length of the peninsula, and be-
tween Port Moller and the base of the peninsula it lies much closer
to the Pacific side. This asymmetric position of the mountain range
gives the south side of the peninsula a very bold, rugged appear-
ance, but the north side is bordered by a wide lowland. conta;mmg
many lakes and swamps,

® Atwood, W. W,, Geology and mineral resources of parts of Alaska Peninsula: U. B,
Geol. Survey Bull, 467, pp. 13-15, 1911. Capps, 8. R., The Cold Bay district: U, 8. Geol.
Survey Bull. 739, pp. 7T7-88, 1922,



"

COLD BAY—-CHIGNIK DISTRICT. 155

-+ The streams flowing southeastward into Shelikof Strait and the

“Pacific Ocean are mostly short, turbulent mountain streams with

many falls, flowing through steep-sided canyons. This is especially
true of those that reach the coast southwest of Wide Bay, where the
mountains are rugged and close to the beach. Most of the creeks can
be waded at favorable places; the larger ones, those flowing into
Wide Bay, have eroded small valleys several miles upstream from
their outlets and can be waded without danger except the one at the
southwest end of the bay, which is a swift glacial stream. Aniak-
chak River is about 25 miles long and is the largest stream on the

peninsula flowing toward the Pacific Ocean. It rises in Aniakchak

Crater and empties into the northeast end of Aniakchak Bay. For
the greater part of its course it flows through a valley about 6 miles
wide, which has been partly filled with cinders thrown out from
the crater. Near its mouth during the summer the river is about
100 feet wide and 4 feet deep. One of the tributaries, Hidden Creek,
flows in a subterranean channel for 4 or 5 miles beneath the lava and
cinders east of the crater.

The rivers and creeks flowing west and northwest across the low-
land into Bristol Bay are sluggish, meandering streams, subject to
tidal changes for many miles upstream. They rise along the northwest
flank of the main Aleutian Range, where they are typical mountain
streams for short distances before they enter broad valleys extending
from the lowland through wide gaps in the lower mountain range
toward the west. Both the valleys and the lowland contain many

'-"’5%5; a.nd the outlets of the larger lakes are usually rivers of mod-

erate. sme One of the larger bodies of fresh water in the area sur-
veyed is Mother Goose Lake, which lies 10 miles west of Mount
Chiginagak and receives the glacial streams flowing from the west
side of the mountain. This lake has an area of about 16 square
miles and contains.eight small islands. The Ugashik Lakes, in the
Cold Bay district northwest of Wide Bay, are two of the largest
lakes on the peninsula, being surpassed in area only by Becharof
and Naknek lakes. Upper Ugashik Lake is 17 miles long and has
an area of approximately 85 square miles. Lower Ugashik Lake is
irregularly circular in outline and has an area of about 100 square
miles. The two lakes are connected by a short, narrow channel.
On the banks of their common outlet, Ugashik River, several large

:+-.galmon _canneries have been in operation durmg the fishing season
“feor, ,&Fnumber of years. Becharof Lake is the largest lake on the

Alasks Peninsula, as it is more than 40 miles long and has an area
of about 450 square miles.

The Cold Bay district lies almost entirely within the limits of the
mountainous ares. The lower half of the Kejulik River valley and
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the country north and west of Mount Peulik should be considered
as merging into the lowland. In the immediate vicinity of Cold
Bay the mountains rise abruptly from the shore line and attain a
maximum elevation of about 2,500 feet. Between Cold Bay and the
head of Kejulik River the mountainous belt narrows. Extending
north and west from the coastal mountains is a broad valley contain-
ing a complicated network of meandering streams, large and small
lakes and swamps, and here and there low hills standing out promi-
nently in contrast to the low terrane about them. The trunk stream
in this drainage network, Kejulik River, a tributary of Becharof
Lake, lies nearest the northwestern wall of the valley and is a large
sluggish stream whose water has a milky color due to its glacial
origin. This stream in its lower reaches is deep enough for horses
to swim. The Kejulik River valley is bounded on the northwest by
a rugged sawtooth range, the Kejulik Mountains. This range ex-
tends northeastward from the northeastern shore of Becharof Lake
and joins the coastal range in the vicinity of Mount Katmai. Mount
Peulik, a volcanic peak nearly 5,000 feet high, lies across Becharof
Lake about in line with the axis of the Kejulik Mountains. From
Cold Bay to Portage Bay the coastal range is not so rugged, occu-
pying a belt extending about 10 miles inland, with mountains 2,000
feet or more high. On the cape between Portage and Wide bays
the mountains differ in character from those immediately to the
northeast and are impassable by pack train, so that a three days’
detour is necessary in traveling by land from one bay to the other.
Southwest of Wide Bay there are many mountains some of whose
peaks attain a height of 4,000 to 5,000 feet. The crest line between
Wide and Amber bays is unbroken by any known low passes for 80
miles, so that the inland country behind these mountains is less
accessible than the area west of the coast in the Cold Bay district.
Along the upper slopes there are many permanent snow fields, and
at several places vigorous alpine glaciers descend almost to sea level.

The most conspicuous topographic feature in the region southwest
of Wide Bay is Mount Chiginagak, an active voleano at the head of
Chiginagak Bay which rises 2,000 feet above its neighboring moun-
tains and reaches an altitude of nearly 7,000 feet. It is regularly
conical in shape; the summit is depressed, apparently by an extinct
crater whose sides, as viewed from the north, appear in the form of
two symmetrical cusplike peaks, which aid in giving the mountain
an unusual scenic beauty. The upper 4,000 feet is almost entirely
covered with snow fields and glaciers. A thousand feet from the
top, on the north side, a white plume of vapors and sulphurous fumes
rises from a small fumarole in the center of a snow field. This fea-
ture can rarely be seen from the coast, although it is nearer the
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Pacific Ocean than most of the active and extinct volcanoes that
occur at irregular intervals along the axial line of the Alaska Penin-
sula.

An extinet voleano that is less conspicuous but of considerably
more scientific interest than Mount Chiginagak was discovered at the
head of Aniakchak River, about 28 miles west of Aniakchak Bay.
The crater is somewhat similar in size and shape to Crater Lake,
Oreg., but differs in having a comparatively small body of water on
its floor. The rim is almost circular in outline and has a diameter
of 6 miles. The mountain summits that form the rim are from 700
to 1,500 feet above the crater floor and are unbroken except in the

- gorge or “gates” through which Aniakchak River flows. Within
the large crater, near the east side, a cinder cone rises 1,000 feet
above the general level of the floor and can be seen from the moun-
tain tops northeast of the river. Three smaller cones also occur in
the crater. The la.ke, on the northwest side, has an area of about 2
square miles; it is bluish green in color and does not appear to be

~deep. The area of the crater, including the cinder cones, is approxi-
" mately 25 square miles. In places the walls are nearly vertical;
where they are not so precipitous they are covered with small glaclers
and snow fields. At the places where the walls were examined they
were found to be composed chiefly of slightly folded sedimentary
rocks. The bottom of the crater is filled with rather coarse black,
gray, and red cinders which form ridges around the base of the lirge
cone. The crater can be entered through the gorge on the southwest
side of the river. The stream is too turbulent to be waded near the
gorge but can be crossed within the crater just below the lake.

This remarkably Iarge crater has been named Aniakchak, after the
river whose source is within its walls. Unfortunately, little time was
available for the investigation of this interesting crater. It was
visited a short time August 26 and a few hours August 30. On the
latter date W. R. Smith and Sidney Old went into the crater and
attempted to reach the inner cone, but walking over the cinders is
slow and difficult, and the summit of the cone was not reached, partly
on account of darkness. The paity’s nearest camp was 6 miles from
the “ gates.”

The mountains along the coast in the vicinity of Aniakchak and
Kujulik bays are only 2,500 feet in altitude, but they are very rugged
: and sculptured by deep gulches.

" “"West of and paralleling the main Aleutian Range a lower range of

mountains extends from Lake Ugashik to Aniakchak Crater. This
lower range is dissected by streams flowing west into Bering Sea
from the slopes of the main range,
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CLIMATE. iy

The Alaska Peninsula has an unusual climate, owing to its geo-
graphic position. The most notable features of the climate are the
prevalent high winds and fogs, in explanation of which Capps*
says:

Any differences In barometric pressure that may exist between the north
Pacific Ocean and Bering Sea result in winds that blow across the peninsula
either from the northwest or from the southeast, and & complete reversal in the
direction of the wind often takes place suddenly. Furthermore, any wind that
blows is a sea wind, and the air, having a high moisture content, is chilled
on passing over the mountain barrier and forms fog or clouds. Thus windy
days are generally cloudy or foggy, and as windy weather is the rule, the
mountain tops are generally in clouds, The few clear days tlint occnrred in the
summer of 1921 were relatively calm.

The Alaska Peninsula and the islands to the south are conaldered
by Cleveland Abbe, jr.,* after studying the meteorologic records up
to and including the year 1902, a distinet climatic province. It
is characterized by less extremes of climate than many other parts of
Alagka. The nearest meteorologic stations to the Cold Bay district
and the country to the southwest are at Unga, on Unga Island; at
Ugashik, at the mouth of Ugashik River; and at Kodiak, on Kodiak
Island. The climatic records are not complete, but they serve to show
that the precipitation is much less here than in southeastern Alaska
or on the Aleutian Islands and that the extreme annual range of
temperature is not so great as in the interior. Ugashik, on the west
coast, has an annual rainfall of only 24.41 inches, and a range of
temperature of 124°; Unga Island, off the east coast, receives about
twice as much mn——48 .18 inches—and has a temperature range of
only 80° or 90°. '

Rains are frequent in the summer, but the actual precipitation
is not great, as the rains are usually in the form of a driving mist,
with occasional heavy downpours. The summer is usually cool—
so cool, in fact, that on rainy days a tent without some sort of a
heating device is uncomfortable. There are exceptional days, how-
ever, as a temperature of 95° F. was recorded in June, 1922. The
nights were uniformly cool, and the temperature dropped below
freezing several nights during the later part of August. A few
inches of snow fell during the mg‘ht. of August 2 in the vicinity of
Mother Goose Lake, and early in September light snow fell upon
the higher hills near Cold Bay. From June 14 to September 23,
1922, there were 30 clear days, most of which were calm,-in’ the
region between Portage and Chignik bays. The best wea.t.her oc-

w Capps, S. R., The Cold Bay district: U. 5. Geol. Burvey Bull, 780, p. 84, 1922
u Brooks, A. H., The geography and geology of Alaska: U, 8. Geol. Survey Prof. Paper
45, pp. 140, 150, 19086,
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curred during the later part of June and the first two weeks of
September.

The winters are severe, because of the cold, heavy winds, which
are said to make traveling difficult and even dangerous for days
at a time. The snowfall is said to be light, so that during a large
part of the winter there is insufficient snow for sledding. This
scarcity of snow makes it possible to winter horses without great
expense, as the horses can forage for themselves during the day if
some sort of night shelter is provided. The horses must be fed
during short spells when the snow is deep. In some winters, such
as thet of 1920-21, the snowfall is so heavy that hay and grain must
be fed throughout the bad weather. The snow usually disappears
by July 1, exeept in deep gulches and on the higher mountain slopes.

The ground does not freeze to a great depth.

VEGETATION,

-'The greater pdrt of the Alaska Peninsula southwest of Naknek
Lake is completely barren of trees. A rather surprising exception
to the general lack of timber was found in several valleys east and
southwest of Mother Goose Lake and in the immediate vicinity
of Kejulik River. These valleys contain many clumps of cotton-
wood trees, some of which grow to a height of 85 feet and have
a maximum measured diameter of 23 inches. The average height is
probably 25 feet and the average diameter about 10 inches. Al-
though the trees are partly protected from the Pacific Ocean winds
by the Aleutian Range, which is unbroken in these areas, the tops
of the larger trees are gnarled and bent, but the trunks are usually
straight .and of sufficient length to bé useful in the construction
of small cabins. The trees are too far from the Cold Bay oil
field, however, to aid in solving the serious problem of building ma-
terial the#e, mnd they would be of value only to prospectors or trap-
pers in the valleys in which they grow. The high-bush cranberry
grows in association with the cottonwood trees but was not seen
elsewhere.

Alder and willow bushes are unevenly distributed in nearly all
the valleys and at places on the mountain slopes 500 feet above sea
level. In the valley at the southwest end of Wide Bay alder bushes
reach a height of 18 feet but are usually stunted and gnarled so that

it is difficult to penetrate the thickets. It is interesting to see the

N

rowing in small canyons with no branches extending above

the ’la%l of the canyon walls, appearing almost as if they were con-

stantly trimmed back to the level of the tops of the walls, thus

showing the powerful effect of the heavy winds upon vegetable

growth. At the lower elevations thickets of willow are common and
76813°—24——11
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in sheltered places they attain a height of 10 or 12 feet, but in more
exposed places they are stunted and twisted by the heavy winds;
forming dense waist-high thickets.

The most abundant and conspicuous form of vegetation on the
Alaska Peninsula is grass, which grows luxuriantly in all the valleys
and lowland areas and also on the mountain slopes to a height of
about 1,000 feet above the sea, in places where soil has accumulated
sufficiently to permit a footing for vegetation. The grass, chiefly
redtop, wild rye, and a smaller amount of bunch-grass, grows rapidly
and furnishes excellent grazing from the first of June until it is
killed by frost in September. There are thousands of acres of:this
grass growing to a height of 3 or 4 feet, and it would make a fair’
grade of hay except for the difficulty of curing it properly, owing
to the peculiar climatic condjtions.

Several varieties of moss clothe the higher slopes and even the
summits of the mountains that are not covered with snow or entirely
barren of soil. These plants are widely distribyted and sre seen
along the beach and in the lowland areas where the grasses an
do not crowd them out. Caribou moss (comprising various speclea ﬂt,
lichens) is seen occasionally throughout the district and is plentiful
on several ridges south of Mother Goose Lake. Wild flowers in
amazing variety grow everywhere from the valley floors to the
highest altitudes at which vegetation is found. Nearly a hundred
species were collected without any effort toward a careful and syste-
matic search.

Several varieties of berries are found in the Cold Bay region, but.
only moss berries are abundant. In isolated patches blueberries are
sufficiently plentiful to offer- a welcome addition to the, camper’s
stock of provisions. The dwarf cranberry grows very abundantly .
on the sand spit in Chignik Bay and forms an important article, of
food for the natives. Large yellow salmonberries are :found at
places along Aniakchak and Kujulik bays..but.are not very
palatable.

Vegetation has gained a footing in patches in the valleys filled
with cinders in the region around Aniakchak Crater, but there are
large areas in these valleys that are entirely lacking in plant life.

The Jack of timber immediately raises a question concerning fuel
supply. The camper must depend upon the meager supply of alder
brush for fuel, and camp sites must be chosen with that in mind
rather than for other conveniences. Most of the permanent setilers.
in the country have erected buildings close to the beach, and- the
supply of driftwopd has heretofore been ample for their needs both
for building and for fuel. The buildings away from the coast are.
all of the type called “barabaras,” which are sod houses built
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around a framework of alder or any other available wood. The

town of Kanatak is dependent upon coal shipped in by boat for its

fuel supply. During the early stages of the boom the driftwood
and the alder brush were sufficient for all needs, but the rapidly
growing town demanded a greater supply of fuel. The petroleum
residue patches furnish a small local supply of fuel that can be used
under boilers. As mentioned elsewhere, the Associated OQil Co.
plans to use residue from one of the patches on the Pearl Creek
dome for fuel. During the drilling in 19034 the residue from the
seepage at the head of Oil Creek, near Cold Bay, was used under the

alers and in stoves with satisfactory results. The supply of alder

‘brush and driftwood is sufficient for the needs of the camper or for

a small community, but a large community or any commercial enter-

prise must depend upon coal or oil.

ANIMAL LIFE.

" 'Wild &fiimals are not present in this part of the Alaska Peninsula
ih large numbers or great variety, The natives and a few white men
trap for the fur-bearing animals each winter. The fox is the most
abundant of the fur-bearing animals and is the most sought after.
Many red fox and some silver-gray fox are taken each winter and
are disposed of at the local trading posts by the trappers. Wolverine,
mink, marten, and land otter are taken in small numbers. The brown
bear is the largest animal on the peninsula and is occasionlly seen by

.tra.velers. The bears seem to be more numerous in the more remote

ﬂﬁ'@ of the peninsula. The large Arctic hare is probably very numer-
ous, to judge from the number that were seen and the tracks and
runs in the willow thickets. Moose, mountain goats, or sheep are not
known in this area.

Caribou formerly ranged over the entire peninsula, but they have
completely disappeared from many districts and are rarely seen on
the_peninsula above Mother Goose Lake. Southwest of Mother
Goose Lake there is a small area in which about twenty caribou were
seen. Farther southwest, near Aniakchak Crater, no caribou and
very few tracks were seen. In the vicinity of Chignik Lagoon a
few caribou are said to be seen occasionally. Those seen by the
Survey party were usually in pairs, but one herd of twelve came
within a hundred feet of the pack train. They were rather small and

- .. belonged to the mountain type of caribou, which seldom migrate.

M‘]ﬁmnce in a small area is partly due to the fact that the
caribou moss grows more abundantly in this pa.rtlcula.r area than
elsewhere along the route of travel.

Hair seals are captured in the bays and form an important source
of oil and food for the natives, The sealskins are used in the manu-
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facture of moccasins, mucklucks, and other articles of clothing. The
native’s boat or bidarka consists of a framework of bent willows
covered with tightly stretched sealskins.

Of the game birds ptarmigan were most plentiful in 1921 and 1922
but are reported to disappear almost entirely for periods of years.
They are heavily preyed upon by eagles, foxes, wolverines, and bears.
Ducks, geese, and swans breed in great numbers on the lakes, in the
low marshy places, and in the lagoons along the coast. Other birds,
including sea gulls, sea parrots, shags, and other sea fowl, are very
plentiful and find favorable breeding places in the cliffs and on the
islands. Small birds are not numerous; several species of snipes
were seen on the beach; water wrens, magpies, and one or two other
species were geen inland now and then.

A more favorable spawning ground for salmon can scarcely be
found anywhere than the many lakes and streams in the lowland
bordering Bristol Bay, and an extensive canning industry has been
established along the larger rivers. The highly prized Alaska.red
salmon is the most prolific variety on the Bristol Bay coast. The
Pacific streams have a smaller run of red salmon, but several other
desirable varieties, including the king salmon, are abundant and sup-
ply the three large canneries at Chignik. These are the only can-
neries on the Pacific coast of the peninsula. In 1922 the Chignik
canneries were limited by regulation to & pack of 50,000 cases each.
Herring, halibut, and cod are said to be plentiful in the salt water
along the coast. Only two kinds of fresh-water fish are known, the
trout and grayling. These fish feed on the salmon eggs and the

young salmon fry.
COMMERCIAYL DEVELOPMENT.

There have been two periods during which outside interests have
attempted to develop the Cold Bay district into a commercially pro-
ducing oil field. The first-attempt was in 1903-4, when five or six
wells were drilled to depths ranging from 15 to 1,500 feet. Two
companies operated in the field at that time, making their head-
quarters at Cold Bay. Just inside the cape at the southwest entrance
to Cold Bay, in a small protected valley, one of the operating com-
panies erected several substantial frame buildings that are still
standing and in good condition. A road 7 or 8 miles long was
built from the buildings at Cold Bay north along the shore to
Trail Creek and up that stream to its headwaters on the uplapd,;
where the wells were drilled. Drilling operations were begun in
the summer of 1903 and were continued until October, 1904. No
commercial quantity of oil was obtained from any of the wells, al-
though a thick residual oil was reported from several strata pene-
trated by one of the deeper wells.
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From October, 1904, until the fall of 1910 no important oil de-
velopments occurred. In 1910 all the oil lands were withdrawn
from entry, no title having been granted to any claims in this
region. The next ten years was marked by a lack of interest in the
prospects for oil. In 1920 Congress passed an oil-leasing bill that
permitted the staking and drilling of oil lands, and a great revival
of interest was manifested immediately, as several prospectors has-
tened to the Cold Bay district, and before the snow had disappeared
most of the promising oil land had been staked. This restaking
of oil clgims marked the beginning of the second period of commer-
cial development of the district.

- Prospecting and surveying was carried on vigorously during
1920-1922, and examinations were made by geologists representing
the United States Geological Survey and several oil companies. In
August, 1922, two steamers landed drilling equipment at Portage
Bay, and soon the town of Kanatak, at the head of Portage Bay, was
tlm eantar; of great n.ct.!wt.y Durmg two or three weeks Kanatak
town with a population of nearly 200 and tents, log cabins, and
frame buildings numbering 100 or more. Work was immediately
begun on a road connecting Kanatak and the site selected for drilling,
which is 174 miles northwest of Kanatak. The Standard Oil Co.
of California and the Associated Oil Co. are now operating in the
field. The Standard Oil Co. has a standard rig and the necessary
equipment to drill to a depth of 4,000 feet. Power is to be furnished
- by. 8. 75-horsepower ga.sohne engine. The Associated Oil Co. has
two portable Star rigs and intends to use local pet,roleum residue
as fuel.

POPULATION.

The population of this district is normally small but is greatly
influenced by commercial activity. During the period of active
development work from 1902-1904 a number of people were en-
gaged in road work and drilling. The base camp at Cold Bay was
constructed of substantial frame buildings, which were used as a
trading post until the fall of 1921. The trading post for many
years was the center of activity for the district, being the post
office and source of supplies for the trappers and the natives. The
winter mail for Bristol Bay and Nome was formerly carried across
s tze la from Cold Bay by dog team. From 1904 until 1920

m t white population was limited to one or two at the
trading post and a few trappers and prospectors. In 1920 many
prospectors went into the region to stake claims and the United
States General Land Office established some of the land lines, so
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that the claims ecould be definitely described. Most of the early

prospectors who' staked claims did not stay on the ‘ground, but as

interest in the area increased and several oil companies examined
the promising structural features many of the prospectors returned
to protect their interests. Although the only store in the region
was at Cold Bay no activity was manifest there, as it was too far
from the prospective oil field. The native village of Kanatak, at
the head of Portage Bay, became the center of activity. In 1921
two frame buildings were erected there for stores, and several

smaller frame cabins were built. The post office and store were

moved from Cold Bay to Kanatak. Building and preparations

for building continued on a small scale commensurate with the’

gradual influx of people unmtil August, 1922, when the drilling
equipment for the oil companie¢ arrived. The population in-
creased from 10 or 15 white people to about 200 within two or
three weeks, and tents and frame buildings of all descriptions
were hastily erected to furnish accommodations for these people.
A townsite was laid out, and an attempt was made to regulate the
location of buildings so that a future readjustment would not be
necessary. In the fall of 1922 people were still arriving at Kanatak
on every boat, so that it is impossible to give even an approxi-
mately accurate figure for the population. The future popula-
tion of the town must depend upon the suctess attained in the
drilling, as there is no other activity in the district that could sus-
tain so many people.

Southwest of Kanatak the Alaske Peninsula is very sparsely in-
habited in the area covered by this report. Betwéen Wide and Chig-
nik bays there are no permanent inhabitants either along the coast or
inland, except at the canneries. near the mouth of Ugashik River.
At least one white man has lived at Wide Bay for the last 20 years.
During the winter several trappers operate inland from the heads
of some of the bays along the Pacific coast. These men find em-
ployment in the canneries at Chignik during the canning season.
Since 1920 there have been several oil prospectors and land-survey
parties staking claims or running lines west and southwest of Wide
Bay and also west of Aniakchak Bay. Few of these men remain
in the country during the winter, as the weather does not permit
much out-of-door work. A few people engaged in fox farming

occupy some of the smaller islands south of Aniakchak and Chignik

bays.

it Chignik three lirge saumon cannaries operate about eight’ weaks
of the summer and employ more than 300 white men during the
canning season. ~ These men are brought to the canneries either from
Seattle or from ‘San Francisco in the companies’ ships, which return
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to' the States at the end of the season with the men and a cargo of
canned salmon. The population at Chignik is reduced in the winter
to 8 or 10 white people and 25 natives.

There is a small native settlement at Kanatak which has a popula-
tion that varies during the year. In the winter there are 40 or more
natives huddled in their small sod houses (barabaras), but in the sum-
mer they scatter, some going to the Bristol Bay side of the peninsula
to work in the canneries and others to the small native village at the
head of: Becharof Lake, where they catch and dry salmon for winter
food. Only one family of natives normally resides at Kanatak dur-
ing the summer. There is a small settlement of natives at Chignik
- and other small villages still farther southwest. These natives be-
long to the Aleut tribe, which inhabits the western part of the Alaska
Peninsula. It is doubtful if there are any pure-blooded Aleuts at
Kanatak and Chignik, as many of them plainly show Russian ad-
mixtura, and it is probable that all of them have. at least a small

.of Russian blood. The natives are all members of the Rus-
rthodox Church. Each village has a church, usually a sub-
stantaa.l frame building, which presents a great contrast to the
barabaras or partly underground huts in which the people live. The
natives still speak the Aleutian language, although many of them
understand Russian. They are not a thrifty set of people, and their
only source of income is hunting, trapping, and fishing, with occa-
sional odd jobs for the white men. Their main article of food is the
dried salmon, which they put up in the summer, when fish are very

ROUTES AND TRAILS,

The Alaska Peninsula is difficult of access by land but relatively
easy by boat. Travel on the peninsula in the summer time is con-
fined to, the mountains, as the western lowland is practically impas-
sable to man, except by boat on the large sluggish streams. There
are few good harbors, as most of the bays are either open to the sea,
offering no protection to boats in storms, or have dangerous un-
mapped rocks and reefs that make them unsafe for large boats. The
bays giving possible access to the prospective oil fields are Wide, Port-
age, and Cold bays. These bays were uncharted in 1922, but they
were examined by representatives of the oil companies, and Portage
‘. Bay was chosen as the most favorable. Subsequent charting of

age Bay and Wide Bay by the United States Coast and Geo-
urvey has shown that Wide Bay is the better harbor, as
it is Wlde and deep and offers a well-protected anchorage for

large boats. Portage Bay offers no protection from south or
‘southeast winds, and the bay is shallow, so that large boats can

% not approach alose to the shore. About three-quarters of a mile from

. i
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the head of the bay is a reef, seen at low tide, that extends from the
northeast shore mearly two-thirds of the distance across the bay.
This reef gives some protection to small boats, but there is not enough
anchor room for large beats between the gently sloping beach and
the reef. There are no wharf or docking facilities at Portage Bay
or at any other bay along this part of the coast of the Alaska Penin-
sula except at the three canneries. At Chignik'all freight must be
handled off Kanatak by small boats or lighters, which are privately
owned. If the Pearl Creek dome proves to be commercially pro-
ductive, better harbor facilities must be provided.

Most of the freight and passengers for the Cold Bay district are
routed through Seward or Kodiak. During' the summer there are
four passenger beats a month from Seattle to Seward and two a
month to Kodiak. During the winter the scheduled number of sail-
ings is less. The trip to Seward requires seven or eight days and to
Kodiak eight to.twelve days, depending upoenithe route followed.
From Seward a mailboat having accommodatiohs for-efow passen-
gers and a small amount of freight sails once a month for Alaska
Peninsula ports. - From Kodiak small boats can be hired to transfer
passengers or freight to Portage Bay, the trip requiring-about 24
hours. In the spring of both 1921 and 1922 the Seattle steamer
made one trip into Portage Bay, and doubtless the steamer would
make Portage Bay a regular port of-call if the amount of business
warranted it and if some quick and reliable means of unloading
were furnished. Two large freight steamers were chartered by the
oil companies to deliver the drilling equipment at Portage Bay, and
both steamers lay at ancher in'the bay-for séveral days and unloaded
their freight hy lighters, bemg fortunate in having calm. weather.
Any large steamer anchored in Portage Bay would be compelled to
steam out into open water in the event of a storm, as it could not. ride
out a severe storm in the shallow water of the nnprotect’e&, rock-
bound bay. ‘

Travel within the district is fairly easy by foot or with a pack
train, as many t.ralls have been beaten out by the numerous parties
that have moved around in the district during the last-two years.
There are numetous easy passes across the mountains into the in-
terior lowland. Kanatak has been the headquarters of all the parties
working in the dlstrlct and the trails radiate from that point. The
wagon road ufider construction from Kanatak to the well. s:tes wﬂl
make the country around Mount Peulik easily accessible from:
tak. A good trail for pack horses can be followed mm"iaﬂn '
to Cold Bay, the'last 7 or 8 miles being over the wagon road that was
built in 1908 but is no longer suitable for the use of ‘'wagons. From
the head of Cdld Bay there is an easy pass into the Kejulik Valley,
but at high tide & bold headland on the west shore of Cold Bay ex-
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tends into the water and at low tide large boulders make it very
dangerous to take pack animals around the point. Just south of
the headland is a large creek known as Teresa Creek or Schooner
Creek, and near the head of its valley an easy trail may be followed
into the Kejulik Valley. The Kejulik Valley may also be entered
through one or two low passes from small bays northeast of Cold
Bay, but most of these bays are too shallow even for small boats at
low tide. - Within the Kejulik Valley itself travel is not so easy un-
less the foothills are followed closely, and even then swampy ground
will-give some difficulty. A short distance away from the foothills
#wRNips are the rule, and travel with a pack train is extremely diffi-
cult. Ke]u.hk River is a glacial stream that is somewhat difficult to
cross, as it is cold, swift, and deep. In its lower reaches it is too
deep for a horse to wade, but in its upper part many places can be
foand where a man can wade it. Over a large part of the valley
moss grows luxuriantly, making travel both slow and tiresome.

Thé eountry northwest of the mountains between Wide and Aniak-
chak bays had not been traveled by pack train before the summer of
1922. The best route of entrance to the district from the east, so far
as known, is either by the Aniakchak River valley or by the valley
at the southwest end of Wide Bay. The conntry could easily be

‘réached by means of small boats going up the rivers from Bristol
Bay. The route followed by the Geological Survey party lies be-
tween the main range along the coast and the lower range to the
northwest. Only slight difficulties for traveling by pack train were
.encountered, although several detours in the valleys were necessary
5" Wvoid swampy areas. The ridges or spurs extending from the
main range toward the west are rarely more than 1,000 feet above
the valleys at the most favorable points of crossing. Steep slopes
could not always be avoided, and as they were often obscured by
fog traveling was slow and uncertain. Occasionally short stretches
of trail had to be cut through the alders and cottonwoods. A trail
leads up the valley of Lee Creek at Wide Bay and across the divide
to the Ugashik Lake anticline. This is one of the best routes to
the oil field. At Aniakchak the best route for travel by pack train
is along the beach, as the area between the beach and the hills to the
west is swampy ; but at Kujulik Bay the best route is on the benches

- back of the beach. Near the southwest end of Kujulik Bay a trail
leads across the mountains toward the west. At low tide the beach
‘at Chignik Bay, except at a few places, can be traversed. A wagon
road has been graded from the coal mines on Thompson Creek,
Chignik Bay, to the little bunker on the beach, but it is seldom used.
A footpath follows the benches above the beach from the bunker
to the sand pit.
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Aniakchak and: Kujulik bays are uncharted and are avoided by
seagoing boats, although Aniakchak Bay is reported to be deep :in
places and is protected by Sutwik Island from southwest winds. -

GEOLOGY.
GENERAL FEATURES.

The field work -on which this report is based was undertaken pri-
marily to locate, if possible, areas in which the geolggic structure
is favorable for the accumulation of oil, and only the principal geo-
logic features are here considered. The recent investigation wag:a
combined reconnaissance topographic and geelogic survey, and al-*
though every advantage possible under the conditions of rapid travel-
ing was given to the writers, it was not expedient to retard the topo-
graphic work greatly in good weather to afford time for making
a close investigation of interesting geologic ieqt,ures. In a recon-
naissance examination of this sort little time ig available for the
careful tracing of the contacts between formations. = e

The sedimentary rocks occurring on the Alaska Peninsula (see'
PL. VIII) were deposited during the Mesozoic and Cenozoic eras
‘and range, with many interruptions in their sequence, from the
Upper Triassic to the Recent. A complete section of the.sedimentary.
series does mot occur at a single locality, and px\rrelatwn must be
made from one part of the peninsula to another by means of the
fossil remains of animals and plants. Only a brief description of
the formations will be given here, as they have been described in,
detail in other publications* and correlated with exposures in ot,he:;
parts of the Alaska Peninsula and with the beds at the type localitjes..

1 Martin, G. C., The .pstmlmm flelds of the Pacific const of Alaska: T. B. Geol. Burvey
Bull. 250, pp. 30-59, 1905 ; Netes on the petroleum flelds of Alaska : T. B, Géol. Burvey Bull.
259, pp. 134-139, 1905. Btanton, T. W., and Martin, G. C., Mesozoic section on Cook Inlet
and Alaskn Peninsula: Geol. Soe. America Bull, vol. 16, pp. 393387, 401802, 1905.
Atwood, W. W., Gealogy and mjmrMmrmofpartﬂotthaAlummgma T. B.
Geol. Burvey Bull 467, 1911, Cepps, 8. B., The Cold Bay district; U. 8. Geol. Survey
Bull, 739, pp. 77-116, 1822. Spurr, J. E., A reconpaissance in southwestern A.Inﬂ.
0. 8. Geol. BmerTwmﬁethAnn.Rept.pt.'r pnBl—MlQDﬂ. Tty " I
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Generalized seetion of the sedimentary roaks in the Cold Bay-Chignik district.

Thick-

Beries. Formation, Lithologic character. (n“-i

Fine conglomerate, -
Rocens, ant:ma,ahlln, and tﬂmﬁ 2,004

=Ty
- Grotdoeous. | Upper Cretaceous. | Chignik formation. e, 2 coul amerste, | 400-756

Unconformity

sandstone
Naknek formation. feet thick at base, 5,000+

L 12l Upper Jurassic, Ugm‘ 0 ot ’{;:l‘a
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In the southwestern part of the area recently investigated the
sedimentary rocks are mainly of Tertiary and Upper Jurassic age.
The formations bordering Chignik Bay consist of Upper Jurassic,
Upper Cretaceous, and Tertiary sedimentary rocks, overlain and
intruded by igneous rocks. In the inland country between the
Cold Bay and Chignik districts large areas consist of volcanic rocks
and most of the sedimentary beds are of Tertiary age.

The Upper Triassic beds exposed on Cape Kekurnoi are the
 oldest sedlmentary rocks known on the peninsula. The thickness of

" W beds is estimated to be over 1,000 feet. - They are com-

osed of sharply folded, partly metamorphosed limestone and
calcareous shale intruded by basaltic dikes and sills. The limestone
is thin bedded and is black to bluish gray when freshly broken but
becomes light gray upon weathering. The shale is of various colors
from red to light brown.
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Conformably above the rocks of known Triassic age a series of
about 2,300 feet of beds is exposed along the north shore of Cold
Bay. These rocks have furnished -fossils that are presumably of
Lower Jurassic age though not well enough preserved for positive
identification. The beds consist chiefly of sandstone, limy shale,
and impure limestone. The rocks are somewhat contorted and
faulted; their area is small, and they have not been recognized on
the Alaska Peninsula except back of Cape Kekurnoi.

Middle (?) Jurassic rocks are represented by a marrow belt of
the Kialagvik formation on both sides of the southwest end of Wide
Bay. These beds are partly covered by glacial drift, but where they
are exposed in contact with the overlying Upper Jurassic rocks there
is evidence of an angular unconformity. Fossils have been found
in the Kialagvik formation at many localities. A few species from
this formation are identical with or closely related to the Tuxedni
fauna of Tuxedni Bay, and T. W. Stanton considers the Kialagvik
formation of either earliest Tuxedni age or slightly elder. The
beds consist of about 500 feet of sandstone, sandy shale, and fine
conglomerate, The base of the formation is not exposed.

The oil seepages in the Cold Bay district occur in the Upper Jurassic
series of rocks, which has been divided into the Shelikof and Naknek
formations. The Naknek formation, which is the younger, is ex-
posed throughout the eastern Becharof Lake-and Ugashik Lake
drainage basins and extends southwestward to the vicinity of Mount _
Chiginagak, where it is intruded by large masses of igneous rocks
and overlain unconformably by the Tertiary rocks. Small areas of
Aniakchak Crater. The Shelikof formation is very thick and forms
the coastal mountains between Cold and Portage bays and is present
in the mountains west and southwest of Wide Bay.

Along the west shore of Chignik Bay and continuing northwest
at least as far as Hook Bay Creek, Upper Cretaceous rocks of the
Chignik formation are exposed. The Chignik formation is about
900 feet thick at Chignik Bay. Its extent northwest of Hook Bay
Creek is unknown. The beds rest unconformably upon the Naknek
formation and are overlain in places by volcanic rocks. The strata
are mainly sandstone, shalo, and conglomemte, with some valuable
coal seams.

Southwest of Mount Chiginagak an area of Tertiary rocks extends
to the north side of the upper Aniakchak River valley. The area
is about 40 miles long and from 8 to 16 miles wide. Where the
rocks were examined, on the north and south sides of the area,
they are in contact with large masses of intrusive rocks. The de-
poslts are entirely continental so far as observed, and only plant
remains were found in them, They are about 2,000 feet thick and
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rest unconformably upon a massive gray sandstone, which, although
no fossils were seen in it, is presumed to be the upper part of the
Naknek formation. The Tertiary beds consist of shale, sandstone,
- and conglomerate and thin seams of lignite.
The surface rocks in the valleys of streams flowing from the
Aleutian Range consist of glacial drift, much of it in the form of
; ~ small moraines. Most of the drift was deposited by recent glaciers
- and is composed of unstratified sand, clay, and boulders. Along
the:north side of Wide Bay a narrow strip extending about 1 mile
inlgnd, is covered with older drift, which is probably of Pleistocene
sgé. The valley floors of nearly all the streams within a radius
of 20 miles from Aniakchak Crater are filled with pumice and black
volcanic cinders. In Lava Creek the cinders attain a thickness of
over 300 feet and form high, steep terraces above the stream. The
hills north and west of the crater are covered to an unknown depth
with cinders, . .

- e &bajiguieons rocks on the Alaska Peninsula are chiefly of volcanic
orvigin #nd nearly all of Tertiary age. In the north-central part
of the peninsula the older intrusive rocks crop out in a rather broad
belt extending southwestward almost continuously from Naknek
Lake to the country west of Chignik Bay. Near Mount Chiginagak
and also along the southwest side of the Aniakchak River valley
the central intrusion is connected with another belt of igneous rocks
forming the core of the Aleutian Range southwest of Wide Bay.
The greater part of the cape between Portage and Wide bays is
mgde up of an igneous mass extending inland as far as Lake Ruth.
The mountains bordering Kujulik and Hook bays are almost entirely
composed of rocks of volcanic origin. Dikes and sills are intruded
in nearly all the sedimentary formations. The igneous rocks differ
in. eomposition and texture from ope area to another.

.yocks of the southesst side of the Alaska Peninsula are
folded into several more or less well defined roughly parallel anti-
clines and synclines whose axes extend southwest, in general con-

s formity with the direction of the peninsula. Most of the folds
are broad structural features, with dips generally not exceeding 16°.
The anticlines are rather persistent but are interrupted at places by
igneous intrusions or by major faults.

'SEDIMENTARY ROCKS.

g E.-
ke T 1 .
St 3 RIABSIC ROCKS

'Iha .'Upfper Triassic rocks that crop out on Cape Kekurnoi, at the
northeast entrance to Cold Bay (see Pl. VIII), are the oldest sedi-
mentary rocks exposed on the Alaska Peninsula. Beds of Triassic
age are not known elsewhere on the peninsula, but it is possible that
they underlie large areas and might be encountered by deep drilling
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at Wide Bay. A detailed section of the Upper Triassic.rocks has not
been made, but in general the lower beds, which are contorted and
crumpled, consist of hard, demse thin-bedded limestone and limy
shale cut by dikes and sills of basalt. The upper beds become less
calcareous and more sandy until finally a dense sandstone is en-
countered, in the upper part of which are found Jurassic fossils.
The transition from limestone to sandstone is very gradual, and -
there is no evidence of an unconformity; the Triassic formation is
therefore considéred to end where the sandy phase ‘begins. The
upper beds of the series are not so greatly crumpled and dip 10°-20°
NW.; the strike is northeast, conforming in general to the strike
of the thick overlying Jurassic beds. Calcite stringers are abundant
in the limestone.

The limestone beds in the lower pnrt. of the formation contain
large numbers of the widely distributed Upper Triassic fossil shell
Pgeudomonotis subcircularis Gabb, and a few specimens of a fossil
hydrozoan, Stolicekaria, were collected, belonging to a épeties known
only from this locality in North Amenoa. but found in the 'I‘znm
of Europe.

The contact of the Upper Triassic and Lower (%) J urassic forma
tions has not been followed across the cape, but the areal extent of
the former is probably very small, not exceeding 3 or 4'square miles.
It is exposed along the beach at Alinchak Bay, the next indentation
northeast of Cold Bay, where the succession as reported by Martin
consists of basic igneous rock at the bottom, succeeded by contorted
cherts that have yielded no fossils, and these in turn crvarllun b,y\
shale and limestone yleldmg Pseudomonotis. . :

JU'IABEIG ROCKS.

Most of the sedament.ary beds of this region were deposited dm:iug
Jurassic time. The only known sedimentary beds on the peninsula
that are older than Jurassic are the Triassic rocks just‘described.

The rocks included in this group represent largely shoreward
phases of sedimentation. Limestone, which indicates deposition’ in
deep water or clear shallow water, is entirely absent above the T¥ri-
assic except where it occurs as large concretions in the upper part
of the Shelikof formation and as smaller concretions in shaly beds
in the Naknek formation. Sandstone is the most abundant and is
predominantly arkosic. The coarseness of grain of much of the

T

sandstone is & good indicator of shallow-water deposition, but the<"

evidence supplied by the nature of the bedding is more condlusive.
Much of the sandstone is eross-bedded, and in many places it 38 inter-
bedded with conglomerate. The conglomerate iz abundant. Some

®Martin, G, C, Pnﬂtnlnuyuportﬂpotmlmmm U. 8. Geol. Barvey Bull
719, p. 68, 1921,
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beds are only a few inches thick; others occur as a series 1,000 feet
‘or more in thickness with a minor amount pf arkosic material. The
imaterial of which they are composed ranges in coarseness from fine
grits to' boulders several feet in diameter. These beds of conglom-
erate, included in formations composed of marine sediments, can rep-
resent nothing else than deposition in shallow water under shore
conditions, as these large boulders must have been deposited close
to their,.source. Shale is nbundnnt, but less so than the coarser °
sediménts; and even the shale is inclined to be sandy rather than
argillacesus. Still other indications of the shoreward phase of sedi-
anetitation are the fossil plants that are found in the sandstone and
the small lenses and seams of lignitized wood, which indicate the
presence of vegetation during the process of sedimentation and there-
fore shallow-water, near-shore conditions;

LOWEE (1) JURASBIOU ROOKS.

., Sedimentary rocks of Lower (?) Jurassic age crop out on Cape
. Kekurtioi, where they cnnforma.bly overlie the Triassic limestones
described above. (See PL VIIL) These rocks occupy a few square
miles in a narrow strip crossing the cape that separates Cold Bay
from Alinchak Bay, to the northeast. This strip is the only known
- 'apaa-of Lower () Jurassic rocks on the Alaska Peninsula. The beds
show a g'radunl transition from the underlying Triassic limestone
into the impure limestone and calcareous sandstone and shale that
form the basal part of the Lower (?) Jurassic. There appears to be
__at.nct. conformity between the two formations, and the paucity of
: makes it difficult to determine the contact. The poorly pre-
served, fossils collected include several ammonites which in form and
sculpture suggest Lower Jurassic genera, such as Arietites, Aego-
ceras, and Amaltheus, but it has not been possible to make pomtwa
1don§.|.ﬁcatmns. The sedimentary beds tentatively included in the
Lower Jurassic are 2,300 feet thick. ‘The 1,500 feet at the bottom
may be divided into two parts—a lower part consisting mamly of
Immto.q@ and limy sandstone and shale and an upper part in which
there is a, narrow zone characterized by conglomerate and sandstone
containing abundant bright-red jasper pebbles, brightly colored
greenstone particles, and fragments of carbonaceous shale. The 800
feet at the top of the formation is composed of a black to rusty sandy
shale with some thin beds of limestone. No fossils were found in
i _gl:mle, but on the basis of hthology and field relations it is tenta-
vely mcluded in the Lower Jurassic.

MIDDLE (¥) JURABSIC ROOKS,
KIALAGVIE FORMATION.

"The K_mhg'nk formation, of Middle (?) Jurassic age, occurs
along the sides of the southwest end of Wide Bay and continues a
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short distance inland along the base of the mountains beyond the
head of the bay. (See Pls. VIII and X1.) This formation is of
especial interest, because it consists of the oldest rocks exposed along
the crest of the Wide Bay anticline and is the only probable repre-
sentative of Middle Jurassic time on the peninsula. It was named
the Kialagvik formation from the native name for Wide Bay, along
whose shore has been found the only outcrop of the formation on
* the Alaska Peninsula. On the northwest side of the bay the forma-
tion occurs as a narrow strip about a mile wide extending from a
point near the mouth of Lee Creek to a point nearly 3 miles up the
broad glacial valley at the southwest end of the bay. The ‘beds’
exposed in the bluffs along the shore back of the sand spit and far-
ther southwest at the base of the mountains belong to this formation.
The rocks on the northwest side of the bay consist of sandstone,
sandy shale, and conglomerate, which on Short Creek are intruded
by several small dikes and sills, The. greater part of the area is
covered by glacial drift and by a dense gw&th of . alﬂg
grasses, 5o that the contact with the overlying Upper Jurassic fosma-
tion is difficult to follow. In the vaHeys and on the shore south-
east of Lee Creek where the contact was observed there is evidence
of an angular unconformity between the two formations. The un-
conformity is most pronounced at the bluff mear the mouth of Lee
Creek, where the shale beds of the Kmlagnk strike' S. 45° E.
and the overlying conglomerate and the beds in the hills west of
the bay strike southwest. Here the Kialagvik beds can best be ex-
amined at low tide. Toward the head of the bay they are nea.rly
horizontal or have very slight dips to the northwest.

The extent of the Kialagvik formation along the mntheaﬁt’ shore
of the bay was not determined, but it does not crop out at the point
of land projecting toward the lslands On this side of the valley ﬂ;la
rocks are hidden by vegetation. At the base of the first amnﬂ"ﬁli& T,
9% miles up the valley, only Upper Jurassic rocks wers recognized.
The beds of the Kialagvik formation dip 6° S. on the southeast
gside of the bay and consist of perhaps 200 feet of coarse sandstone
and a few thin beds of fine conglomerate. From a short distance
the rocks appear to be colored light red, but a freshly broken sur-
face of the sandstone is bluish. The greater part of the valley at
the head of the bay is probably underlain by the Kialagvik forma-
tlon.

The formation is abundantly fossiliferous. Some of the n@g
have led T. W. Stanton to correlate this formation with the Tower
part of the type section of the Tuxedni sandstone at Tuxedni Bay,
on the west shore of Cook Inlet, or with beds slightly older—a
correlation which would indicate tha.t these rocks represent only the
lowér yart of the ﬁlddle J nra,sslc. During at least the greater part
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of Middle Jurassic time either this portion of the Alaska Peninsula
-stood above sea level, or else sediments were laid down that were
subsequently removed by erosion. It is probable that there was a
long period of erosion during the later part of the Middle Jurassic
epoch and that the sediments laid down early in the period were
partly removed at Wide Bay and entirely removed at Cold Bay.
The fossils that were collected from the Kialagvik formation at
Wide Bay bhave been determined by T. W. Stanton as follows:

11348 No. F' 18. South shore at southwest end of Wide Bay:
© .1 Rhynchonella sp.
»+ ,: Pinna sp.
Pecten sp.
Inoceramus lucifer Eichwald?
Trigonia sp.
Dactylioceras? sp.
Belemnites gp.
These fogsils probably belong to the Klalagvik fauna.
11850, No. F' 14. West shore of Wide Bay south of Short Creek, Strati-
graphically 150 fest above collection ¥ 31:
' Ostrea sp.
Trigonia sp., Glabrae group.
Protocardia sp.
Tancredia? ap.
Pleuromya dalli (White).
Natica sp.
Hammatoceras howelll (White).
Hammatoceras? kialagvikensis (White).
Harpoceras whiteaves! ( White).
== qgll . Kialagvik fauna.
- 11851, No. ¥ 81. 'Onpps locality 104, Wide Bay:
Pecten sp., smooth form.
Gervillia sp.
Trigonia sp., Glabrae group.
Pleuromya dalli {White).
“iNatlea ®p,
Hammatoceras howelli (White).
Harpoceras whiteavesi (White).
_Kialsgvik fauna,
11352, No. F 15. Wide Bay, 1 mile up creek southwest of Short Creek:
‘Pecten sp., smooth form.
Lima sp. related to L. gigantea Sowerby.
Inoceramus lucifer Etchwald?
Dactylioceras? sp.
These foasils apparently belong to the Kialagvik fauna.
11333, No. F' 16. Wide Bay, 1 mile up Short Creek:
“: '/ fnoceramus lucifer Eichwald?
il eminites sp.
Probably Kialagvik fauna.
113857, No. F 80. 1 mile northwest of Lee's cabin at Wide Bay:
Inoceramus Jucifer Elchwald?
Inoceramus sp. Larger form with coarse concentric ribs,
Jurassic, probably Kialagvik,
76813°—24——12
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11858, No. F'33. /Float found.on-point at Wide Bay:. ' { b3 e
Inoceramus lucifer Eichwald? s
Btephanoceus? sp. .

The fragment of - a emall ammonibe (Stephanoceras?) in t.hls lot 15
closely related to if not identical with a form in the Tuxedn! sandstone
and thus apparently xiv:es enother tle botween the Tnxeﬂni and the
Kisalagvik. :

The species of the Tuxedni fauna deacrlbed by Whme have been
referred by Pompeek]j to the upper Lias—that is, the upper part of
the Lower Jurassic. Hyatt said that the nearest relatives of the
fauna are in the “ lowest parts of the Inferior Oohte, in formiations
placed by many German and French authors in the upper Liss.”
On account of the relationship which the fauna shows to the Tuxedni .-
fauna Stanton refers it to the lower part of the Middle Jurassic.

UFPPER JURASBIC ROOKS.

BHELIKOF mnnmu

Tho lower part, of the rocks of Uppér Jumamc uge in the 001&
.Bay region is called the Shelikof formation, from the fact that it
is the chief outcropping formation on the northwest shore of Sheli-
kof Strait from Katmai Bay to Wide Bay. (See PL VIIL) The
upper contact of this formation can be traced throughout the district
and is marked by a heavy shale member overlain by the coarse basal
conglomerate of the Naknek formation. The lower contact was
observed by Capps at only two places—at Wide Bay, where the
Shelikof formation unconformably overlies sandstones of Middle -
(?) Jurassic age, and on the northeast: shore of Celd Bay, where:the
Middle (%) Jurassic is entirely absent and thé Shelikof rests on
Lower (?) Jurassic rocks. Although the lithology of the formation
as a whole is not constant, the uppermost member, a massive black
shale 700 to 1,000 feet t]nck containing numerous limestone lenses
and concretions, is observed in every section. - ‘This shale member is
poorly fossiliferous, but its position, underlying the heavy basal con-
- glomerate of the Naknek formation, leaves no doubt concerning its
horizon. Below thé massive shale member is 4,000 to 4,700 feet of
massive brown to gray sandstone with minor amounts of shale and
conglomerate. The shale beds are thicker west of ' Wide Bay than be-
tween Cold and Portage bays,but the sandstone isnot sothick,and the
total thickness at the éxtreme southwest end of Wide Bay is less than
at Cold Bay. The lower 1,500 feet of the formation along Lee Creek
is chiefly shale with some limy and concretionary phases. At the
base of the shale a bed of coarse conglomerate lies unconformably
upon the Kialagvik formation. ‘A dark massive sandstone, resem-
bling an ml-mpregnnted sandstone that occurs on upper Trail Creek
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at:Cold Bay, is exposed in the mountains 2 miles west of Wide Bay.
The sandstone is about 50 feet thick in the mountains between the
main and west branches of Lee Creek.

The sandstone and shale are locally calcareous, and the sandstone
is in places little- more than a sandy shale. The sandstone is also
concretionary in many places, the concretions ranging from small
well-rounded bodies a few inches in diameter to large irregular,
poorly defined masses. At Wide Bay the lower 1,500 feet of the
formation is mostly shale with some limy lenses and concretions.
At!Cold Bay the lower part of the formation is sandstone with a
wonglomerate at the base, and below the conglomerate is 800 feet
of shale that is tentatively included in the Lower (%) Jurassic as
described above. This thick series of shale beds, however, containg
no fossils by which its age could be determined, and possibly the

- shale does not belong in the Lower Jurassic but is tha age equiva-
lént of the lower shale at Wide Bay.

s Plwibeds on the islands in Wide Bay differ lithologically from
othitr sections of the Shelikof formation and are not fossiliferous.
A detailed section of the stfata along the southwest shore of the
large island opposite Lee Creek is as follows:

Rection on island in Wide Bay.

Feet,
Thin-bedded bluish shale with lenses of limy concretions____ 50
‘Coarse arkosle sandstone with seamlets of coal about 1 inch
thick and thin beds of shale. 100
M,aaalve gray sandstone and thin beds of shale_ . _______._ 105 -
.L ,- : «sandstone alternating with beds of shale.___ 325
ery iﬁauﬂve hard brown to light-gray sandstone_._.._. 585

The 1sln.nds consist of rocks of the Shelikof formation except sev-
eral small ones near the northeast entrance of the bay, which consist
entirely of igneous rocks. The beds on the islands and the point of
land projecting toward the islands on the southwest side of the bay
dip 6°-24° SE. and form the southeast flank of the Wide Bay an-
ticline. The prevailing dips on the mainland are to the northwest.
Several faults, including one of perhaps 800 feet displacement, occur
in the vicinity of Lee Creek. Some of the shale beds contain lenses
of limestone nodules which weather to a conspicuous light-yellow
color. A freshly broken nodule consisted of dark-blue, nearly pure

limestone yielding the characteristic Upper Jurassic ammonite

m is found throughout that part of the formation below
the uppermost shale member, and as this same fossil is characteristic
of the Chimitna shale at its type locality at Chinitna Bay, on Cook
Inlet, this part of the Shelikof formation can be definitely corre-
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lated with the Chinitna. The type section of the Chinitna forma-
tion is not as thick as the Shelikof formation, and there is considex-
able difference in lithology. The Chinitna attains a maximum thick-
ness of 2,400 feet on Chinitna Bay; the Shelikof is 6,000 to 7,000 feet
thick at Wide Bay. The type section on Chinitna Bay is composed
predominantly of shale. The uppermost member of the Chinitna
formation is a series of dark massive shales 500 to 1,000 feet thick,
containing numerous concretions and lenses of impure limestone and
8 few fossils. The uppermost members of the Chinitna and the
Shelikof are comparable, but there the analogy ceases, as tha:rest of
the Shelikof is largely sandstone and the rest of the Chinitna is
practically all shale; moreover, as mentioned above, there is a great
disparity in thickness. The Shelikof formation and the Chinitna
shale are approximately contemporaneous, but the conditions of
sedimentation in the two regions were obviously somewhat different.

The Shelikof formation has an economic significance in the Cold
Bay district, as it is in this formation that the hopes for s patzeleum
industry are centered. Considerable black shale is intermixed with
the sandstone of the formation, and it is believed that this shale may
possibly be the original source of the petroleumn. Under proper
structural conditions the heavy shale member at the top of the Sheli-
kof would form a good cap rock to prevent the escape of imprisoned
gas and oil. Most of the seepages in the Cold Bay district come from
the Shelikof formation and are approximately alined along the Bear
Creek-Salmon Creek anticline and its prolongation. The seepages
near Pearl Creek issue from the overlying Naknek formation, but it

is possible that the petroleum has been released’ from the Shelikof

formation by fissures or minor faults.
NAKNEK FORMATION.

The Naknek formation is probably the most extensive surface
formation of sedimentary rocks on the Alaska Peninsula. (See P
VIII.) The term was originally applied by Spurr * to a series of
arkose and interealated sills of lava in the vicinity of Naknek Lake,
but the name has since been used to include a great series of sedi-
ments, distributed over a wide area on the Alaska Peninsula and the
west side of Cook Inlet. The Naknek formation attains a great
thickness and is well exposed in the drainage basins of Becharof and
Ugashik lakes and also west of Wide Bay in the vicinity of Deer

Mountain. It probably extends continuously from Naknek Lake.

to the north side.of Mount Chiginagak, where it is intruded by
large masses of igneous rocks that form a group of mounfains north-
east and west of the volcano. For 40 miles southwest of these moun-

1 8purr, J. B, A reconnalissance of southwestern Alaska: U. 8. Geol. Burvey Twentieth
Ann, Rept, pt. 7. pp. 160171, 10600,

W
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tains only Tertiary rocks were recognized. The Naknek formation
is again exposed near the divide of Aniakchak River and Lava Creek.
The occurrence of Upper Jurassic rocks between the area visited near
Mother Goose Lake and the Pacific coast was indicated by the pres-
ence of float rock containing Naknek fossils at the head of one of the
westward-flowing streams.

The base of the Naknek formation, wherever observed in this re-
glon, Js characterized by a coarse conglomerate conformably overly-
ing t.ha upper shale member of the Shelikof formation and making

f!m formations easily separable on the basis of lithology. The
eonglnmerste is in places separated from the shale by a varying
amount of coarse arkosic sandstone. The conglomerate is composed
of well-rounded boulders of granitic material in an arkosic matrix.
The boulders range in size from small pebbles to large rounded
magseses of rock 6 or 8 feet in diameter, or even larger As would be
expechad in so coarse a sedimentary deposit, there is great lateral
,mqha:racter of material and in the thickness of the forma-
e conglomerate is interbedded with arkosic sandstone, and
laterally it grades into the sandstone either by thinning out or by a
gradual change in the coarseness of the material. Northeast of Cold
Bay the conglomerate itself is much finer than that between Cold
Bay and Portage Bay, as few boulders over a foot in diameter were
seen, and the average diameter was not more than 2 or 3 inches.
Near the crest of the range southeast of the upper part of the Kejulik
Valley the conglomerate at the base of the Naknek formation was
ipated to be 40 feet thick and is overlain by 500 feet of coarse

cokic sandstone, which in turn is overlain by several hundred feet
of ﬁmr-gramed sandstone, In the vicinity of Pearl Creek there is
a massive conglomerate nearly 900 feet thick underlain by several
hundred feet of interbedded sandstone and conglomerate and over-
lain by arkosic sandstone and massive conglomerate, the whole series
being approximately 2,500 feet thick. In tracing the conglomeratic
phase of the basal Naknek southwestward from Cold Bay it can be
observed to thicken gradually from 500 feet near the head of the
Kejulik Valley to the enormous thickness exposed in the vicinity
of Pearl Creek and Deer Mountain. There appears to be no break in
sedimentation within the formation, so it is probable that more de-
tailed work will show that the thick series of conglomerate and
arkose in the Pearl Creek area changes into finer sediments toward

"?5%'::,% heast, and that the relatively finer sandstone and shale over-

the conglomerate in the Kejulik Valley were deposited at the

same time as the upper part of the coarser sediments.
A conglomerate lying at the base of the Naknek formation has
been mapped as a separate formation on the west shore of Cook
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Inlet** This conglomerate is typicilly exposed on:Chisik Islind
in Tuxedni Bay afid has been named the Chistk conglomerate. : Tt
occurs below the Naknek formation as there mapped and overhes
the Chinitna shale, which is the equivalent of at least a part of
the Shelikof formation, and therefore this cong'lomemte is in the
same relative position as the conglomerate exposed in the Cold
Bay district. The Chisik conglomerate closely resembles the con-
glomerate at the base of the Naknek formation at Cold Bay, as
it is composed of large well-rounded boulders of granitic: material.
No fossils could be found in the conglomerate of either area, but
the stratigraphic position and lithologic character of the conglorm-~
erate at Cold Bay suggest its correlation with the Chisik conglom-
erate. "It would be difficult to map the conglomerate at Cold Bay
as a separate'unit, however, because ‘of its great lateral variation
in thickness and in coarseness. Furthermore, it appears to be an
integral part of the Naknek formation, and’in the writers’ opmlon
it should be classed as the basal part of the Naknek &id 8o-ghispped;
rather than distinguished by a separate name. = i

Between Mount Peulik and the south arm of Becharof Lake a
thick section of the Naknek formation is exposed. (See fig. 2.)
Here the basal 2,500 feet of conglomeratic and arkosic beds are
overlain by 1,600 feet of sandstone that is mainly arkosic but does
riot contain any interbedded conglomefate. Above this sandstone
is about 1,500 feet of sandy shale that Capps considered as repre-
~ senting the highest Naknek beds outcropping in the region and is
well exposed on the west shore of the southern arm of Becharof
Lake. These beds make a total thickness of about 5,800 feet of the
Naknek. The rocks exposed ‘around the old crater of Mount Peulik
consist largely of sandstone and conglomerate that are similar in char-
acter to the conglomeratic pha.se of the lower part of the Naknek for-
mation, but they contain more sandstone, are about 1,600 oot thi’c}
and are overlain by about 700 feet of sandy shale which unmedlataly
underlies the lava flow on the southeast side of the crater. The
stratlgraphlc posﬂ;ion of the beds beneath the lava flow is somewhat
in doubt, but it is probable that they are to be correlated with the
shale beds exposed along the upper arm of Becharof Lake. West
of the old crater is exposed a series of sandstone and conglomerate
which may be higher in the stratigraphic section than the shale
member underlying the lava flow. There is no great thickness of

consolidated sedimentary racks west of the crater between the edgs:- =5

of the lava flow and the unconsolidated Recent deposits near the
shore of Ugashik’ Lake, under which the sedlmentary rocks dip.
¥ Martin, G. €., and Eatz, F. T, Modcmmuthenhmnww.m:

TU. 8. Geol. Survey Bull. 485, pp. 68, 89, 1912, Meoffit, P, H,, The Iniskin Bay district:
U. 8. Geol. Survey Bull. 739, p. 118, 1822
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No- fosgils could be found in these rocks, but lithologically they
can not be distinguished from the underlying rocks of known Naknek
age, so they are provisionally included in that formation, Exten-
sive faults were not observed around Mount Peulik, but it is prob-
able that considerable movement has taken place, making the deter-
mination of the correct stratigraphic position of the strata a problpm
requiring detailed work.

The rocks of the Naknek formation that crop out in the Kejulik
Valley (see Pl. IX) are somewhat different in lithology from those
just described, which crop out around Mount Peulik and on the
Pearl Creek dome. They are of much finer grain considered as
a whole and contain a greater amount of shale. The beds appear to
be enormously thick, but the apparent great thickness is thought
to be due in part to repetition of the same beds by faults, although
only a few minor faults were seen in the valley. An estimate of the
thickness made from the dips of the beds across the valley without
postulating faults gives a thickness of 11,000 feet.

o —w ‘conglomeratic phase, as described above, thins from a

b _J:H"‘-v

series 2,500 feet thick at Pearl Creek to about 500 feet of coarse
arkosic sandstone with 40 feet of conglomerate near the base in the
Kejulik Valley section. Overlying this coarser phase and con-
tinuing across the Kejulik Valley, as far as the survey was carried,
the rocks consist mainly of fine arkosic sandstone with numerous
thick beds of dark shale. This variation in the character of the
sediments from Pearl Creek to the Kejulik Valley is natural in
view of the differences in proximity to the source and the rate of
“sedimentation that must have prevailed. These rocks were mainly
deposited in shallow water, as most of the sandstones are cross- -
bedded and some of them contain lignitized plant remains. To sup-
ply sediments so coarse as those that make up the Naknek forma-
tion in the Cold Bay field erosion must have been very rapid, and
the material must have been transported by short, swift streams, as
this coarse material could not have been moved far from its source.
Such conditions, though commonly observed to persist during short

“periods, rarely continue for so long a period as that represented by

the basal part of the Naknek formation,
The fossils that were collected from the Naknek formation in 1922
have been determined by T. W. Stanton as follows:

11323. South side of creek that drains Kanatak Lake:

g,\e_%__ Pteria sp.

" Nucula sp.
Oardlum?

Jurassic. Formation not determinable from these fossils; possibly
Naknek.
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11324. In gulch 2,250 feet S. 60° E. from forks In south fork of Burls Creek:
Ancella sp. related to A. erringtoni (Gabb).
Inoceramus sp. .
Astarte p.
Phylloceras sp.
Belemnites sp. i
»  Jurassic; Naknek, .
11325. Three miles up Teresa Creek from shore:
Pecten sp.
Pteria sp.
Amucella sp. related to A. bronnl Lahusen.
Nucula sp.
Pleuromya sp.
Jurassic; Naknek.
11332, One mile north of saddle at head of Teresa Creek:
Aucella sp.
Nucula sp.
Astarte? sp.
Patella sp. £y v
Undetermined small slender. gastropod, R PO
11333. Basal Naknek on west side of range across from Alinchileug i
Aucella sp, related to A. brooni Lahusen,
Nucula sp.
Pleuromya sp.
11334 1000 feet southwest of junction of Hast Fork and Kejulik River:
Aucella pallasi Lahusen?
Lima sp.
Pterla sp.
Jurassic; Naknek.
11829. About 1 mile northwest of Kejulik River and 2 miles southwest of
point where two large tributaries come into river:
Pecten sp. i
Lima sp. )
Astarte sp. o
- Jurassic; Naknek. ’
11330, Two mies up from Kejullk River along eastern of two tributaries
mientioned under 11820:
Pecten sp.
Lima sp.
Lima? sp.
Aucella sp.
Leda? sp.
Astarte sp.
Turbo? sp.
Jurassic; Naknek.
113831. In canyon near head of East Fork of Kejullk River:
Anomia? sp.
Lima sp. rr
Aucella sp, related to A. erringtoni (Gabb). = 3
Pleuromya sp. .
Belemnites sp., large phragmacone.
Jurassic; Naknek.

Lig) T
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11363. No. F 37. Shale on bank of Kejulik River, northeast of Becharof
Lake:
Amberleya sp. This is a fine specimen, but the range of the species
Is not known.
11844. No. F 1. Kanatak. From shale just beneath Naknek, 100 feet higher
stratigraphically than Capps locality 1-79 (1921). '
Pteria sp.
Nucula sp.
Grammatodon sp.
Astarte sp.
Balemnites sp.
.+ Jurassic; nothing distinctive to decide between Chinitna and Naknek.
11345. No. F' 7. Across divide at head of Ugashik Creek.
Cidaris? sp., fragmentary imprint,
Pholadomya sp.
Phylloceras sp.
Jurassic; probably Naknek,
11346, No. I 8, Shale just helow Naknek conglomerate. West bank at head
of .north branch of Big Creek, Wide Bay:

R

Pteria sp.
Grammatodon sp.
Solemya sp.
Tuarbo? sp.
Undetermined gastropod.
Apparently belongs to same fauna as 11344, probably Naknek,
11359. No. F' 33. Gates of crater, head of Aniakchak River:
Aucella pallasi Keyserling?
Pleuromya sp.
Phylloceras? sp.
. Naknek fauna.
11380. No. F' 34. Fossil Creek, north of Lake Becharof. Collected by
Dr. Laymore:
Aucella pallasi Keyserling?
Naknek fauna.
11348. No. 122 Erma Bay, south of Wide Bay:
Lima sp.
Aucella pallasl Lahusen.
Naknek.
11354. No. F 18. '8 miles southwest of Wide Bay:
Aucella sp. related to A. erringtoni (Gabb).
Fragments of undetermined ammonite and belemnite.
Naknek fauna.
11356. No. F. 26. FEast bank, near head of Lava Creek:
Aucella sp. related to A. bronni Lahusen.

.. The highest part of the Naknek formation north of Mount Chigi-
n#ghk consists of a thick series of dark-yellow to brown sandy shale
which lies above the interbedded conglomerate and arkosic sandstone.
The shale is somewhat similar in appearance to the shale in Ugashik
Mountain and yields the same fossils—several species of Aucella.
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The uppermost member of the Naknek formation exposed near'the
headwaters of Aniakchak River and Lava Creek consists of about
200 feet of very massive light-colored sandstone, which is not fossilif-
erous and does not show any bedding planes. Throughout its thick-
ness it is reticulated with a nmetwork of caleite veinlets, which in
places are so numerous that the rock appears almost white and can |
be recognized from a distance. Many small slickenslides occur in
the sandstone. It is possibly the uppermost member of the Naknek
formation known on the peninsula. The sandstone is overlain un-
conformably by the Tertiary formation. The rocks lying conform-
ably beneath the sandstone consist of brownish thin-bedded sandy
shale that is similar in character to the sandy shale near Mount
Chiginagak and Becharof Lake and yields the same species of fossils.
The base of this shale is not exposed in the Aniakchak district.
The base of the mountains forming the east side of Aniakchak Crater
is composed of sedimentary rocks belonging to-the Naknek forma-
tion. The unconformity between Upper Jurassic and’ Tmmoka
can be plainly seen on part of the inner wall of the crater. “The -
extent of the formation southwestward from the crater is not
known, but it occurs in the mountains at the head of Hook Bay
Creek and inland west of Chignik Bay.

UPPER CRETACEOUB ROCKS,
CHIGNTK FORMATION,

Sedimentary rocks of Upper Cretaceous age are represented only
in the extreme southwestern part of the area examined during the
summer of 1922, These rocks, occurring along the west shore of
Chignik Bay, on Chignik Lagoon, and on the upper part of Hook
Bay Creek (see Pl. VIII), were studied and mapped in 1908 and
later described by Atwood.** The Chignik formation consists of
sandstone, shale, conglomerate, and some valuable coal seams. These
beds rest unconformably upon the Naknek formation and are over-
lain by vast quantities of voleanic tuff and basic lava flows in the
Hook Bay area north of Chignik Bay proper. The sandstone mem-
bers of the formation range from fine even-grained sediments to
grits, and some of the sandstone has a light-green color when fresh
but weathers to black and shades of brown. The conglomerates are
conspicuous members in tha series, but they are not as thick as those
of the lower Naknek, although similar in appearance, consisting;
pebbles of granite, greenstone, and quartz as large as 4 inches in
diameter. There are lenses of shale and sandstone in some of the

®Atwood, W. W., Geslogy and mineral resources of parts of the Alaska Peninsula:
U. 8. Geol. Survey Bull. 467, pp. 4148, 109-114, 1911,
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conglomerate layers. Concretions and ripple marks are seen at many
places in the sandstone beds.

The extent of the Chignik formation northeast of the head of
Hook Bay Creek was not determined, but it probably does not extend
more than a few miles, for the rocks in that area as seen from a
mountain top west of Kujulik Bay appear to be volcanic. The beds
on Hook Bay Creek strike N. 15° E. and dip 8°-60° SE. There is
evidence of much faulting, although only minor displacements were
noted.- The beds at this locality consist chiefly of sandstone, with
minor amounts of shale, conglomerate, and coal.

~The Upper Cretaceous sedimentary rocks yield both plant and
shell fossils. Several collections of shells were made at the head of
Hook Bay Creek and northwest of the sand spit on Chignik Bay.
The Chignik fauna is in part somewhat similar to that of certain
beds in the Chico formation of California and in the Nanaimo on
VancouVer Island.

$185 % T TERTIARY ROCKS.

'llértiary rocks occupy an area of at least 600 square miles between
Mount Chiginagak and the north side of the Aniakchak River val-
ley. (See PL VIIL) This area, which is about 40 miles long and
from 8 to 16 miles wide, forms a narrow basin between the main
Aleutian Range on the southeast and the lower range on the north-
west. These mountains bordering the Tertiary formation consist of
intrusive igneous rocks. The Tertiary rocks are possibly of late

locene or Miocene age. No invertebrate fossils were obtained from
them, but several lots of fossil plants, which Arthur Hollick has
identified, were collected from the upper part of the formation.

The beds in the area between Mount Chiginagak and Aniakchak
River have a total thickness of at least 2,000 feet and are composed
of shale, conglomerate, and sandstone, with some thin seams of lig-
nite. East of Mother Goose Lake the lower 800 feet of the formation
consists predominantly of bright-colored shale and thin beds of
sandstone. These thick beds of shale were seen only at one locality.
The base of these beds is not exposed, and their relation to the over-
lying sandstone and conglomerate was not determined. The upper
200 feet of the shale does not yield fossils; the lower beds exposed
were not closely examined. The carbonaceous shale and thin lignite
beds of the formation at other localities were entirely lacking in these

.. shale beds. A section of the overlying beds is as follows:

A

T, i
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Section of upper Tertiary beds bétween Mount Chiginagak and Aniakohak
River,

Uppermost beds of bituminous shale yielding fossil plants;

thin beds of sandstone and conglomerate___________  300%
Coarse dark to light gray sandstone and fine conglomerate. 105
Light-yellowigh shale with thin seams of lignite near the

QOoarse thin-bedded sandstone containing pebhles near the
base . e 80
Yellow ghale with 6-inch seams of lignite. 65
Alternating beds of sandstone and shale. 80
Chiefly shale with thin beds of pebbly sandstone___________ 580
50

40

Coarse massive sandstone
Dark thin-bedded shale

1, 370

The beds are not persistent and the stratigraphic sequence could
not be recognized from one locality to another, except the bés con-
taining fossil plants, which occur over a large part of the area.
Northeast of Aniakchak River the greater part of the section below
the fossiliferous shale consists of thick beds of fine to very coarse
conglomerate. The pebbles are as much as 3 inches in diameter
and'are usually wern very smooth. They consist of rocks of volcanic
origin; occasionally a bright pebble of jasper is seen, and locally
quartz pebbles are numerous. The pebbles are cémented by a matrix
of hard coarse greenish sandstone which forms about half of the rock
material. The following section was measured near the contact of
a large intrusion:

Section of upper Tertiary beds 10 miles southwest of Mother Goose Leke. '

. Feet.
Coarse pebbly sandstone and conglomerate ______________ 30
Light-colored sandstone, fine conglomerate, and mipor
amounts of shale__. s : 66
Coarse massive sandstone and fine conglomerate. .. 40
Sandy shale and thin beds of limy shale 55
Pebbly arkosic sandstone and conglomerate 75
Sandy blue and yellow shale________________ 40
Arkosic pebbly sandstone and conglomerate ; some thin beds
of fine-grained sandstone 70
Unexposed e A e 75
Bandy limestone 20
470

This section represents the highest Tertiary beds that were ex-
amined and is higher than the preceding section.

The strike of the beds in the entire area is predominantly south-
west and the dip from a few degrees to 40° NW. There are local
changes in strike, and in a few places the dips are reversed, but in
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general the whole area has been tilted upward and forms a mono-
cline on the west flank of the Aleutian Range. The formation is
not greatly faulted, although a fault of considerable displacement
was noted southwest of Mount Chiginagak. Many small intrusions
of andesite and granodiorite in the form of dikes, sills, and & small
laccolith occur in the formation. A few miles northwest of the lower
Aniakchak River valley the Tertiary rocks are overlain by vast
quantities of volcanic tuff and breccia. In the lowland at the head
of Anmakchak Bay there are several exposures of pebbly sandstone
benesth the volcanic rocks. The age of these rocks was not deter-
mined, but they are probably Tertiary. Thin beds of coal are re-
ported from the cape between Aniakchak and Kujulik bays and
indicate either Tertiary or Cretaceous rocks.

The rocks west of Amber Bay are of sedimentary origin, but they
were not examined, and their age is unknown. The upper beds are
probably Tertiary. The strike of these rocks is N. 60° E. and the
d_i}"'-l&"—ﬁé’ w.

(L PR Ll

QUATERNARY DEPOSITS.

The Alaska Peninsula has been the scene of active glaciation, but
the glacial deposits that now remain there are not very abundant.
There are two types of valleys, which may be classed as glacial and
postglacial. The postglacial valleys are relatively small and V-
shaped, but all the larger mountain valleys are of the typical U-
shape due to scouring out by glacial erosion. Many of the present
streams head in small glacial cirques, and some of the cirques con-
hh emall lakes of clear water. The only glacial moraines observed
in the Cold Bay district were between Mount Peulik and Becharof
Lake. The topography of that part of the district is the typical
morainal topography, with low mounds like so many piles of débris
and numerous small lakes hidden away among the hills. The mo-
raines wherever visited are composed entirely of volcanic material
of the same character as the lavas that were poured out from Mount
Peulik. It is believed that these moraines represent the deposits
from a slowly retreating small alpine glacier that descended from
the volcanic peak.

The Kejulik Valley contains no terminal moraines in the area
visited. The valley itgelf, during glacial time, contained a trunk
glacier fed by numerous small glaciers that entered from nearly

. _all the tributary valleys on the northwest side and from some of

thoss-on the southeast side. Some erratic boulders of basaltic rock
are seen on the low hills and elsewhere in the main valley, regardless
of the topography. Most of the tributaries of Kejulik River, enter-
ing from the northwest side, flow through wide, deep, U-shaped
valleys showing the scouring effect of the ice that previously almost
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filled them. At present there are small tongues of ice at the heads‘of
most of these valleys, and the water of Kejulik River has the milky
color characteristic of streams of glacial origin.

Glacial drift, some of which is probably of Pleistocene age, occurs
at a few localities in the region southwest of the Cold Bay district.
Small patches of glacial material occupy the intervalley areas in the
slightly elevated irregular plain between the west shore of Wide
Bay and the mountains. These deposits are not conspicuous and are
probably not thick, although in many places they obscure the under-
lying consolidated rocks. The greater part of the drift is unas-
sorted and has the hetemg’enelty of material and size characteristic
of glacial till. Tt is composed of clay, sand, gravel, and large
boulders. Many of the boulders are striated and are smooth and
ﬂn.ﬁt.ened on one gide. In the higher mountains there is evidence
of vigorous glacihl activity during Pleistocene time. The broad,
steep-sided valleys extending inland from the heads of the bays are
undoubtedly the result of ice scouring. Cirques, U-shaped valléys,
and rounded surfaces of bare rock are common physiographic
features that indicate exténsive glaciation in the region. The greater
part of the morainal material was either carried directly to the sea

or hag been washed away by recent streams. Many of the valleys
and the lowland in the northwestern part of the peninsula probably
contaip more or less glacial material of Pleistocene age which has
been worked over and redeposited in recent time.

In the high mountains of the Aleutian Range between Wide and
Aniakchak bays numerous small glaciers, some of which are seyeral
miles long, exist at the present time. Morainal deposits at the heads
of the valleys, especially southwest of Wide Bay and around the
base of Mount Chiginagak, are formed by these glaciers. Most of
the streams that carry the finer material from the glaciers build
deltas of mud and clay in the lakes or bays.

Re;pnt deposits of alluvium, glacial drift, beach sand, delta sand,
and pumice form the surface material of many of the valley 'bottoms
and, stretches of sea and lake shores. The alluvium consists of uncon-
solidated clay and gravel which have resulted from the erosional
work of streams, waves, and wind. Sand dunes and old sea beaches
occur at the heads of many of the bays. Between Anidkchak Bay
and the hills to the west nine crescent-shaped beaches can be dis-
tinetly seen in the form of low ridges, eonforming in direction to the
present shore line. The nature of the:geologic work did not permit
accurate mapping of the alluvium, but the larger areas have been
indicated on the map. (See Pl VIIL).

On the northwest slopes of Mount Peulik the streams have cut
deep, narrow valleys into a thick series of unconsolidated gravel,
composed of subangular basaltic pebbles and boulders which range
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from a fraction of an inch to several feet in diameter. In some plscas
the streams have cut 30 or 40 feet into the gravel. This gravel is
believed to be outwash from the mountain, the streams being greatly
augmented by the great banks of snow that accumulate on the moun-
tain side each year. Still higher on the mountain boulders of ba-
saltic rock 10 or 12 feet in diameter are scattered promiscuously on
the surface; these were transported to their present position by
melting snow and the action of gravity.

Large quantities of pumice and fine voleanic ash have been thrown
out of Aniakchak Crater over the surrounding country in Recent
time. - Much of the ash has been washed from the mountains and

~ concentrated in the valleys. (See PL VIIL.) The thickness of these -

deposits ranges. from an inch of fine material 25 miles from the
crater to at least 200 feet at the head of Lava Creek, 5 miles from
the base of the crater. The physiographic features of the area within
a radms of 10 miles indicate the enormous amount of material that

5 fromi- the crater. The bottoms of the Aniakchak and
m river valleys have been completely filled with ash and cin-
ders. At the present time the valley floors form a broad, nearly
level plain with a few isolated sharp-peaked mountains surrounded
by the ash deposit. Since the eruption the streams have been ocon-
tinually transporting pumice and the fine ash to the sea. Small
pieces of pumice can be seen moving rapidly along the bottom of
Aniakchak River. Some of the transported material forms bars in
the bay, but much of it has been thrown back on the bea.ch anG has

- made a remarkable series of sea beaches,

gy 3.
TR IGNEOUS BOCES.

A variety of igneous rocks are seen in the Cold Bay region, but
most of them are the result of volcanic activity. A quartz diorite
stock forms the rugged hills on the promontory between Portage
Bay and Wide Bay. (See Pls. VIII, X, and XI.) A few dikes
that are not shown on the maps cut the Triassic limestones and the
beds of the Shelikof formation. Mount Peulik, the most striking
topographic feature in the region, is a recently extinet volcano stand-
ing on the rim of an older crater. Lavas from these craters have
spread over a moderate area in all directions. North of Mount
Peulik, on the south shore of the main body of Becharof Lake, is
a volcanic neck surrounded by a greatly dissected cinder cone.
xmh of Cold Bay are the Kejulik Mountains, with theu' lava-
cappéd ridges and jagged peaks of igneous rocks.

Cape Igvak, between Portage Bay and Wide Bay, with its high,
rugged mountains, is composed of plutonic igneous rock. The in-

= trusive body is about 10 miles long and 2 miles wide, elongated in a
-mearly north-south direction. On the seaward sides, except at the
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. outer extremity of Cape Igvak, the intrusion is bordered by a mar-

- more somber color of the hills elsewhere in the region. Upeon'closer

row fringe of sedimentary rocks, which have been altered by the heat
and kydrothermal action attending the intrusion. The sedimentary
beds are cut by the intrusion but not flexed. Good exposures of the
contact between the intrusive rock and the sediments can be seen
at several places, but easily accessible points are in the cirque above
Kanatak- Lake, near the head of the lagoon on the west side of
Portage Bay, and at the head of the lagoon indenting the cape at
the northeast end of Wide Bay. The most striking feature that im-
pramtheohearvarfromadﬂancelsthe rich brown. color of the
hills adjacent to the intrusien, which is in marked contrast to the'

examination the sediments are found to be richly impregnated with
pyrite, which, when exposed to the .agents of weathering, becomes
oxidized and imiparts the familiar iron-oxide coloring. Abundant
tourmaline is found nurtheeontwtuabhohﬁhmnsaggmguem
thin sheets or in’masses several iriches in diansBber~in the ign ’
rock.. Small veins composed ®lmost wholly of mngnetlte cuteh
igneows rock at Kanatak Lake. The igneous rock is a quartz diorite
and is a medium to coarse grained light-colored rock in which
abundant black glistening' flakes of biotite and crystals of horn-
blend® can be seen on fresh surfaces. Microscopically the rock was
found to contain biotite, hornblende, quartz, and andesine plagioclase,
with' subordinate amounts of augite, orthoclase, magnetite, and
apatite.

The age of thls mtruswe mass can not be closely determined, but.
as it cuts the youngest sedimentary beds which are included m‘&t
Upper Jurassic Naknek formation it is post-Jurassic. As-the sedi-
mentary beds are not flexed at the contact of the igneous rock, there
must have been a heavy load of ovarlying sediments at the time of
the intrusion. This a.smmptlon is further borme out by the coarsely
crystalline nature of the igneous rock itself, which indicates slow
cooling at considerable depth. Subsequent to the intrusion a long
time must have elapsed to permit the removal of the overlying
sediments, for at present the igneous rock is well exposed, form-
ing high, rugged mountains. Glacial cirques are cut into the quartz
diorite at the heads of the valleys in several places where the
streams and ice have cut through the bordering aedlmentary beds.

The intrusive mass trends a little northwest and is thus nearly
transverse to the structural trend of the sedimentary rocks. Aj
Portage Bay the Bear Creek-Salmon Creek anticline plunges
toward Cape Igvak, and at Wide Bay the Wide Bay anticline also
plunges toward the cape, forming a low point or saddle between the
two parts of the snticline, and the intrusive body of quartz diorite
cute across the saddle. From the description of the geologic struc-,
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ture in the Cold Bay region (p. 195) it is seen that nowhere else

Jbiave the axes of the anticlines been folded to form a saddle, and it

may be significant that the intrusive mass is associated with the only
known fold of this kind. The interpretation of the rélation depends
toa large extent upon the time relations of the period of folding
and the period of deformation. The geologic vécord: is far from
complete, and the most that can be certainly’ stated with present
knowledge is that both the intrusion and the folding occurred after
the deposition of the Upper Jurassic sediments, which are cut by
the: intrusive mass and are involved in the folds. However, from

~ the field relations it seems probable that the period of folding pre-

eaded: the pam)d of intrusion, and the location of the intrusive masg
in the saddle is believed to have no genetic relation with the saddle:

A dike at Portage Bay cuts both the Shelikof and Naknek forma-
tions and is described as diorite porphyry heavily impregnated with
pyrite. This dike is undoubtedly an offshoot from the intrdsive

_smass :deéseribed above. Basaltic dikes cut the ‘Shelikof formation
“spd!the “Upper Triassic limestones at Cold Bay. Some of the

basalts may be lava flows interbedded with the Triassic limestone:

There are nearly thirty active or recently active volcanoes®' en
the Alaska Peninsula and the Aleutian Islands, and probably many:
more than that have been long extinct and subsequently dissected.
The Cold Bay district presents no exception to the history ef
voleanic ‘activity so characteristic of the rest of the peninsula. ‘It
contains 1o volcanoes that are active now, but former activity
Bas- Jeft: a clear record in the district. The most recently 'active

~¥aleano is Mount Peulik (see P1. X)), which is the most prominent

topographic feature on this part of the peinsula, Tising to &
height of 4,800 feet, and it has so recently become extinct that it

_gtill retsins its aomca.l shape. The present volcano stands on the

rith of an older crater which is drained by Hot Springs Créek,
thmghadeep,nsrmwgorgecutmltanm. Inthseanteroftha
crater rises a large purplish cone-shaped hill, which 'represents
either the core of the ancient volcano or a more recent snbmdl-n’ry‘
¢ome. The walls of the crater are composed of upturned shale, con

glomerate, and sandstone, overlain by basaltic lva flows. Exoélit
for the Hot Springs Creek gorge the rim of the driter is intact aud
rises to a haight of 2,000 feet, inclosing a great ¢ircular basin ‘2
miles across, in the middle of which the dull-purple cone rises as

<. high as the rim. Basaltic lava flows have been poured out in. &}l
‘ditgetions from the craters of- both tha ancient voleano a.nd the'

present Mount Peulik. : he

* Waring, é A., Mineral springs of Aluska : U 8. Geol. Survey Wam--tm l‘n;r'q

S - U418, pl. 1, 11T )
s _;_ 76813°~24——13 "t : £y 11 "



North of Mount Peulik three low hills rise out of Lake Bechavof
and are -tonmected o the shore by a narrow strip of land which:is
very low:and swampy. These hills are prominent, not because of
their great height:but becsuse they rise directly out of the water
and becanse they comtrast strongly with the low rolling topography
adjacent; to the shores of the lake. They are the remnsnts of =
volcanic done which has been dissected by erosion. ::The middle hill
of -the three is compesed of diorite porphyry and represents.the core
of the ancient volcsmo. The hill on the south gide of the volcanic
neck is compesed of ¢emented ash and cinders, roughly stratified and
dipping away from the core. The smaller hill, north of the other
two, was not visited, as its existence was not known until the groap
was seen from the southwest, but it is doubtless also made up of
cemented cinders and ash representing another flank of the cinder
cone. "

The:Kejulik Mountains trend northeast. and' are about 15 miles
northwest of Cold Bay. Near their janction with the cosstal mous-
tains is Mount Mageik, the active volcano nearest to' Cold !Bay. = -
Great volumes of steam ascending about 3,500 feet in the: air are
frequently emitted by this volecano. From favorable places near the
head of Cold Bay can be seen other volcances giving off guantities
of steam, but these are all farther northeast along the peninsula, in
the vicinity of Mount Katmai. The Kejulik Mountains have a very
rugged. appearance, showing numerous jagged peaks of igneous rock
and lava-capped ridges. No distinct craters can be observed from
the valley, but the extent of the lavas that can be seen on many of
the ridges guggests that lava muss have been poured out from seversl
openings... The Kejmlik Mountsins, if extended southwestward,
would inchiide Moung;Peulik, and the dissected volcano' lying morth
of Mount Peulik and other volcanic areas on the peninsula seuthwest
of Mount Peulik would line up with this samegeneral trend. 'A line
of weakness appears to exist along the peninsula. in this-region;
localizing the volcanit activity, and there must be a genetic relation
between the different volcanic areas. ..

An extensive area pf granite was reported to occur on tha wqat.
shore of the south agm,of Becharof Lake nedr the mouth of Featherly
Creek. - An outcrop of arkose was found 2 or 3 miles from the mouth
of Featherly Creek im the creek bed, and it is bekieved that this
arkose was mistaken for a granite, as it was classed as an.arkose
with some hesitation in the field.. Mmroaeopw determination, how:
ever, Jeaves no doubt ps to its sedimentary origin. The tom
and structure of the area adjacent to Becharof Lake do: not sug-
gest the presence of granitic rocks. The south arm of the lake
Iies in a synchne, and normally the younger rocks sheuld be ex-

posed near the axis of a syncline, rather than the basement rocks -
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upon which they were deposited. If the granite had been intruded
sdbsequent to the deposition of the Jurassic sediments, later erosion
that would have uncovered it would have cut away the soft sand-
stone and shale much faster than the granite, which would have
been Jeft as rugged peaks and elevated masses. Such forme do not
occur in the Featherly Creek region, where the lower part of Feath-
erly Creek flows through a low, slightly rolling country, such as
would be produced by the physiographic development of the region
in the.absence of any intrusive masses.

- Theigneous recks in the area southwest of Wide Bay, as in most
other parts of the Alaska Peninsula, are chiefly of volcanic origin
and are composed of andesitic and basaltic flows, tuff, and volcanic
breccia. Dikes, sills, and laccolithic intrusions are also of frequent
occurrence throughout the region.

The most conspicuous mass of igneous rocks mapped in the region
extends from the southwest end of Lower Ugashik Lake to Aniak-
chak Gratery in' the central part of the peninsula. The lower chain
of movntains west of the main Alentian Range is composed entirely
of this central igneous mass. In the lowlands that border the

: Baring Sea and extend westward from these igneous mountains

is & small isolated group of mountains west of Ugnshik Lakes. This
group was not visited, but from its physiographic expression and it
position in respect to the known igneous rocks it is probably part
of the same mass. Specimens collected from various parts of the
large igneous mass have been determined to be andesite. Segrega-

* tionsof red jasper in the form of stringers and small irregular veins

occur abundantly in these rocks, and crystal aggregates of stilbite
were found: scattered over the surface of some of the mountains.
The entire mass of andesite is of a light-red or pink color, which, to-
gether with the rugged crests of the mountains, distinguishes the
igneous rocks from the dark-gray sedimentary rocks of the region.

From a distance the igneous rocks in several localities appear to be
rudely stratified, with a strike and dip accordant with those of the
contigaous aedxmantary rocks.

“The coré of the main range along the Pacific coadt between Wide
and Chignik bays consists of large masses of andesite, quartz diorite,
and basalt. The eastern boundaries of these igneous masses wére
not mapped, bué volcanic rocks of various types are reported to deéur
along the coast from Wide Bay to Chiginagak Bay. At the head of
the valley southwest of Wide Bay is a large mountain composed
dlﬁiﬂsk'm&z—raly of dark columnar basalt, into which a small glacier

mply, forming a steep wall in which the basalt columns are
well ‘exposed. ~They stand vertically, are about 1 foot in dn.mmr,

e ‘md reach 20 feef or more in length.



The sides of Mount. Chiginagak appear to be partly covered with
recent lava flows, which are reported to extend to sea level at- the
head of Chiginagak Bay. The hase of the volcano on the west side
is. formed by sedimentary rocks. A narrow strip of quartz diorite
about 2 miles wide-extends from the northwest side of Mount Chigi-
nagak: and merges into the central igneous area. On the south is a
belt. of sedimentary rocks, probably Upper Jurassic, which extends
toward the coast. .These rocks are intruded northwest of Amber Bay
by a large mass of igneous rocks. Only the western border of.this
ares was examipedy but many mountains with the sharp. crests char-
acteristic of igneous rocks were seen toward the east. The specimens
examined from this area range in character from basalt to diorite,

The largest area of igneous rocks in the region is fourid west of
Aniskchak and Kujulik bays, where at least 200 square miles is
eoverad to an unknown depth by andesitic flows and coarse voleanic
breecia or agglomerate. This area extends about 16 miles up Aniak-
chak River and Iaterally from a point 2 miles north af ‘the: river
southwestward to-the northern entrance of Chignik Bay: The. area
narrows toward the southwest end of Kujulik Bay but includes parts
of the peninsulaa between Amber, Aniaskchak, Kujulik, and Heock
bays. The physical character and texture of the rocks vary some-
what throughout-the area, but they are all varieties of hornblende
andesite and pyroxene andesite. The greater part of this igneous
breccia is in the form of angular tmgments_oamented together by
a matrix of similar composition but in part differing in color from
the fragments.: .Nolcanic tuff and brecoia of this type occur in muny
pninoftheA:lqnhPanmsuh. As described by Atwood,® . . . -

Mfrngmentsmdudedlnthlstuﬂmupwmteethdhmeﬁer com*
manly their dimenslons vary from 8 to 6'feet. Individual blocks display :the
darker shades of red, green, and gray.. Some of the blocks are distinetly black
and gl of them show a scoriaceous texture. ‘I'hetul!isponﬂ!stmtlﬂedbut
n;pea;s to have been in part, at least, !am down in water.

‘Mhis description fits the rocks in the region west of Amakchak and
Ku]uhk bays except where they are less noticeably scoriaceous and
morg massive. #Quartz occurs at places in the form of thin stringers
thraugh the tufl. At one locality west of the central:shore line of
Kujulik Bay a quartz vein about 3 feet wide was noted. Silicified
tree trunks 23 feet in diameter are embedded in the igneons material
north of the long spit on the shore of Kujulik Bay. Smaller frag-
ments of silicified wood were found on the mountains west of the
bay, where the volcanic. rocks are st least 1,000 feet thick. ..A high
pinnacled mountain about § miles southeast of Amﬂlehsk Gn.tn
does.not; consist of the brecciated material but is compesed of massive

¥ Atwood, W, W., Geology and mineral m of putl of !ga‘m Peninsula :
U. 8 Geol. Survey Bull, 467, p. 70, 1811.
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hommblende andesite. This mountain is probably older than the
- Nearly all:the igneous masses southwest of Wide Bay are either

" introded through the Tertiary rocks or have flowed out ever their

surface, Similar igneous rocks in other parts of the peninsula have
been: considered. chiefly of late Eocene or Miocene age. . At several
localities, especially at the head of the valley southwest of Wide Bay,
the intrusive masses are found only in Upper Jurassic sedimentary
rocks.and may possibly be older than 'I‘ertmry, but their similarity
to known Tertiary intrusive rocks and, in one place, their connection
with such rocks make it probable that they are of the same age.
Volcanic actlnty has- undoubtedly been continuocus en the Alaska
Pemnsnh since early Tertiary time.

STRUCTURE.

GENERAL FEATURES.

4 ;mestmcture in the Cold Bay district is mmple and is chmcter-

ized by large features that can be easily followed in the mountainous

part of the district. The sedimentary beds have a northeast strike
and & dominant northwest dip, but this general attitude is inter-
rupted by at least two and probably three lines of folds and faults
that are approximately parallel to one another and to the coast.
Ome line of folding extends through Wide Bay and Portage Bay
to Rex Creek, a tributary of Dry Bay, and is continued northeast-
ward through Cold Bay and an unknown distance northeast of Cold
Bay by a fault. The second line of folding is a well-developed anti-
cline lying 8 to 15 miles inland and extending southwestward from
Mount Burls. ‘'Between these two anticlinal folds lies a-synclinal
trough extending northeastward through the southern arm of Be:
charof Lake and possibly into the Kejulik Valley. . (See Pl IX.)
These folds have been fully described by Capps,® but a brief:ide-
scription of the folds will be given here in order that the.reader

- aaay have a general knowledge of the structure of the regmn and its

mlatmn 1o adjacent regions.

- The line of folding and faulting nearest the coast has been divided
jmto three parts called the Wide Bay antieline; the Bear. Creek-
Salmen Treek anticline, and the Dry Creek fault. The Wide Bay
anticline (see Pl. XT) is described in detail on pages 201-202..

- =1 At Portage Bay-the extension of the Wide Bay line of .folding is

geeri:ag & plunging antieline that rises on the east side of the bay and
gpreads ont within a short distance to form the Bear Creek-Salmon
‘Oreek -anticline. = This anticline, which ‘is conspicuous and well de-

_ -velopedr extendd. from Portage Bay across the headwaters of Bear

”Capps, 8. R., The Cold Bay district: U. 8. Geol. Burvey Bull. 739, pp. 109-116, -1922.
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Creek and Salmon ‘Creek and gradually flattens out near Rex Creek,
a tributary of Dry Bay. The southeast flank of the anticline dips
only 8° to 52,’but the northwest flank dips about 16°. The sediments
exposed over the fold consist of sandy shale of lower Shelikof age
néar the crest and progressively younger beds on' the flanks, the
Naknek formation cropping out far down on'the' northwest flank.
The Shelikof is the only known oil-bearing formation i this region,
and it is deeply cut by erosion on the crest of the antichine. ' The
lower 1,000 feet of the Shelikof formation at Wide Bayis thade up
predominantly of shale. Little is known of the distribution of the
formations belew the Shelikof, as it ‘was deposited on an eroded
surface. At Cold Bay the Shelikof is underlain by Lower (%)
Jurassic sediments, so far as known, and at Wide Bay it is underlain
by the Kialagvik formation, of Middle. (#) Jurassic age. The areal
extent of these formations and the possibility that either one of them
contains oil are not definitely known, but no oil has yet been found
in the formations underlying the Shelikof in the Cold Bay distxict.
The Bear Creek-Salmon Creek anticline flattens out northesst of
Rex:Creek and is succeeded near the head of Trail Creek by the Pry
Cregk fault. - This fault cuts across the head of Cold Bay, and two
parallel faults appear on the northeast side of the bay. The south
side of the fault has moved down relative to:-the nerth side, and
several outliers,of Naknek rocks have been formed. The maximum
displacement is believed to occur on the west side of Cold Bay near
the mouth of Teresa Creek and is estimated by Capps to be 2,500
feet. The fa.nlt contmues an unknmwn dlstﬂ.nee northeast of Colﬂ
Bay.

.. 'The next stmc#ural featuumonbwest of the main line of defmmn
hon}ust..desmbedlstheBenhnmeakesynclma (See fig. 2, p. 202.)
This is & broad, open fold ‘extending southwestward from-ther seuth
serm of Becharof Lake and possibly northeastward into the Kejulik
Valley. The syncline is asymmetric, having dips averaging 15°
on its southeast flank and only 8° on its northwest flank. On the
west shore of the south arm of Becharof Lake, in the trough of the
syncline, a serigs of shale beds that contzin numerous fossiliferous
limy concretions and are estimated fo be over 1,000 feet thick may
represent the highest Naknek beds known in the region. The rela-
tion between this shale and the sandstone and conglomerate that
-erop-out around Mount Peulik is not kmown; but if the relation is
not complicated by concealed faulting, the sandstone and eonglom-
erate with some shale exposed around Mount Peulik must:be the
youngest sedizments that crop out in the Cold By region:and may
be either tha highest Na.knek or some undetamnad.gonhgar forma-
t:tm.
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«’The Ugashik: Creek anticline lies northwest of the Becharof Lake
gyncline and extends southwestward from Mount Burls. This anti-
aline -shows its maximum development between Mount Lee and
Mount Démian on the east and the old crater of Mount Peulik on
the west, where the strata are arched into a dome that is locally
éalled the Pear]l Creek dome. Southwestward from the Pearl Creek
dome the anticlinal fold flattens, and in the vicinity of Deer Creek
it disappears entirely. The dome is slightly asymmetric, and the
axisl pldne is inclined to the southeast, in the same direction as
the other folds in the region. The southeast flank has a maximum
dip of ‘about 30°, but dips as high as 69° have been recorded on the
northwest flank. The rocks exposed over the dome belong to the
Naknek formation. Between the crest of the dome and Mount
Peulik about 4,000 feet of Naknek sediments are represented. Be-
tween the crest of the dome and the axis of the Becharof Lake
syndline, to the southeast, about 5,000 feet of Naknek sediments are
weﬂl dxposed. (See fig. 2.)

' Owing to the great lateral variation in the sediments it was not
possible to determine the exact position in the Naknek formation
of the rocks exposed on the crest of the dome, but they seem to
belong in the lower part of the formation, an inference which means
that the Shelikof formation is probably covered at the crest of the
dome by only 200 or 300 feet of Naknek sediments.

The Pearl Creek dome, which is now being exploited, offers more
promise of containing commercial quantities of petroleum than any
other structural feature in the Cold Bay field. The main features
that make this dome the most advantageous place to drill are the
well-developed eloped structure, which is so favorable to the reten-
tion of petroleum, and the presence of the unexposed Shelikof forma-
tion, comprising a thick series of sandstone and interbedded .shale
that constitute potential oil-bearing beds, overlain by 1,000 feet of
shale that forms an impervious cap rock.

" A less important feature of the structure of the region is the up-
turning of the strata around the old crater of Mount Peulik. This
phenomenon is most apparent from points within the crater itself,
where erosion has cut stream valleys around the periphery of the
inner cone, exposing the sediments that were cut through by the
volcanic neck. Around the southern half of the crater the strata dip

. #rem 8° to 18° away from the volcano; around the northern:half

the: sedimentary roeks are not exposed. This upturning is believed
to be wery local, as the dip of the sedimentary beds where they crop
out beyond the lava flows does not show any definite relation to the
volcano. It is probable that the volcano broke through near the

_epest of an anticline and that many of the apparently inconsistent

dips are the combined result of a change in direction of dip at the
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erast, of the antigline and the secondary local upturning ot the
seqhmmary beds around Mount Peulik.

. The.general structure of the sedimentary rocks sout.hml; of tha
Coal@ Bay distript is monoclinal, with a prevailing sonthwest strike
and dips of 4°-42° NW. A narrow asymmetric fold is superimposed
upon jthe monecline 10 miles southwest of the lower end of King
Salmen Lake. This fold is local and can be followed only a few
miles across a high ridge, although it may continue for g short
distance in the valley north of the ridge. The strike of this small
antickine is N. 40% E. The southeast flank is about half & mile wide
and dips 4°-6° SE. The northwest flank extends shout 2 miles
from the axis and dips 8°~15° NW. The upper strata exposed
along; the anticline belong to the Tertiary formation, which is
at-Jeagt 2,000 feet thick at this locality. The underlying beds are
probably Upper Jurassic. Unless a detailed study reveals more
favorable structuzal and stratigraphic features or indications of oil
that were overlooked in a hastily made reconnaissance, the possibility
of obtaining oil within moderate drilling depth on this anticline is
small,

Thq crest of abroad anticline extends northeastward across the
d.wldg from the north side of the upper valley of Lava Creek to the
hesdwaters of Cinder Cregk. (See Pl. XII,) This structural
feature, which has been named the Elephant Mountain anticline, is
probably part of the main-anticlinal fold of the Aleutian Range. A
daecmptaon of it i :p given on page 204.

A]!!‘.A NORTE OF KOU'NT PEULIE.

’l‘ha mvmtlguﬂon around the north side of Mount Peulik in 1092
{see:PL. - X) did not supply much information additional to that
obtained by Capps in 1921, as the greater part of the area is masked
by lava flows, glacial débris, or mountain outwash, making it im-
possible to determine the character and attitude of the sedimentary
béds. TImmediately north of Mount Burls the Ugashik Creek anti-
cline flattens out abruptly and merges into the northwest limb: of the
Becharof Lake syncline. - Observations on Featherly Creek showed
that'the syncline extends that far, although:- somewhat flattened,
owing to the disappearance of the anticline. :'The maximum dip
observed on the northwest flank of the syncline north of the end of
the' Ugashik Creek anticline is 10°. One erratie dip of due north
wag'seen in the bank of the ereek that marks the eastern contact of
the lava withthe sediments and flows northward into the main part
oi! Becharof ‘Lake. No other consolidated sedimentary rocks were
usen ‘north of Mount Peulik in an area of about 75 square miles,
Which is coveréd by lava flows and glacial débris.- ‘West of Mount

A Eare
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Peulik thé consolidated sediments are covered by an unknown thick-
ness of mountain outwash composed of basaltie boulders. - ‘Quterops
of consolidated sedimentary rocks reappear beneath the lavas' due
west of the old crater of Mount Peulik. The outerops dre *ery
small, and only one was found to have the dominant northwestward
dip.~ Southwest of the crater several outcrops show a northeast
strike but dip to the southeast. These local observations suggest an
anticlinal fold with a northeasterly trend and with flanks dipping
28° NW. and 15°8E. Such an a.ntlchne, if it really exists, may have
been formed by the intrusion of the igneous core of the older vol-
cano, with. which it is so closely connected. The force of this in-
trusion complicated the system of folding by bowing up the strata’
immediately around the contact, and then the outpouring of lava
effectively concealed the sedimentary rocks. On the east side of
Mount Peulik, near the edge of the lava flow, the Sédlmentu'y beds:
dip ‘southeasty forming the limb of the Becharof Laké' synchrfe,’but
southwest of Mount Peulik the sedimentary beds in ore otiterop dip’
northwest. If the dominant dip in the region is northwesterly, a$ it
seemns to be, the sedimentary beds of the northwest limb of the'
Becharof Lake syncline would naturally be expected to flatten out’
and then to dip to the northwest, in conformity with the major
structural trend, thus forming an anticline. The northeastward
extent of such an anticline can not be determined, but it may exterd
out into Becharof Lake and across Severson Peninsuld, where the
rocks are said to have a northerly dip. The other anticlinal folds in'
the Cold Bay district have gently dipping southeastern flariks and-
meie! stesply - dipping northwest flanks, and ‘the _scanty -évidence’
would indicate that the supposed ‘Mounit Peulik ahiticling is no ex-
ception. A close éxamination of Severson Pemiinsula would be Heces-
sdry to verify the existence of this anticline. Even if it exists it is
not likely to prove of economic importance.

EEJULIE VALLEY.

Thaudimentary beds in the Kejulik Valley (see Pl Dﬁ) have not’
been folded into- definite anticlines and synclines, like the beds'in’
the areas farther southwest just described. The dominant' struc-
tural feature is a northwestward-dipping monocline showing ‘mfnot:
variations in the amount of dip. The highest dip recorded is 25°,
atd from this dip the angle decreases with minor variations until
thé beds become horizontal, and still farther northwest the strata
afe'tarhed up the other way, giving low dips to the southeast, away’
from the Kejulik Mountains. The consistent and uniform dips and
well-developed folds that occur southwest of Cold Bay and Bech-
arof Lake do not persist into the Kejulik Valley. It is possible that
the Becharof Lake syncline is a persistent structural feature extend-
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ing along the east side of the south arm of Becharof Lake and
thence jnto the Kejulik Valley. If so the monocline which eccu-:
pies nearly the entire valley represents the south limb of the syneline;

The area of momoclinal dip may be divided into four zones—twe
of steeper dips and two of relatively low dips. Steep dips occur ak
the extreme southeast edge of the valley, in the high hills immediately
north of the head of Cold Bay. A dip of 23° was recorded at the
coptactof the Shelikof and Naknek formations at the crest of one
of these hills, The first zone of steep dips is about 23 miles wide,
from the hills at the head of Portage Creek to a line extending from
the forks of Margaret Creek to the head of Albert Creek. Within.
this zone the dipg gradually decrease from 23° on the southeast side
to 8° at the northwest. This low dip is arbitrarily assumed to mark
the beginning of the first zone of flatter dip, which is a little over
a mile.wide. . About 2} miles from the head of Albert Creek the dip
increases rather abruptly from 10° to 22°, thus marking the end of
the zone of low dips. The steep dip of 22° does. not ‘persist and
graduslly decreases.to 8° or 9° within 5 miles, so that the second zone.
of relatively steep dips ends at a line drawn N. 656° E. from the june-
tion of the East Fork with Kejulik River. Northwest of this line
the dips are all low, averaging about 7° in a zone about 4 miles wide.:
Kejulik River flows through this zone. This northwestern limit of
the valley and of the monocline is marked by am upturning of the.
strata against the Kejulik Mountains, This upturning is particu-
larly noticeable at the head of the valley. This resulting trough may
represent the extension of the Becharof Lake syncline, or it may he:
genetlm]ly related to the forces that caused the mt.rwon of the.
igneous rock info the Kejulik Mounteins. Future mvest;gam
" may determine the exact relation of the sediments to-the igneous
rock, but so much low land with no rock ontcrops intervenes be-.
tween Becharof Lake and the upper part of the Kejulik Valley that
it has not been possible to trace the rock structure between the two
areas. The gradual regional flattening of the dip from the south-
eagt toward the Kejulik Mountains woulll suggest that the reversal
of the.dip is  structural feature which is not primarily related te!
thg mountains bnt which may have been slightly meodified by the.
intrugion of the jgneous rocks. The syncline may represent the
extengion of the Becharof Lake syncline, and the upturning of the
strats against the mountains may represent one limb of an anticline.
along which thq&gneous -rocks were intruded and which might be,
extended to Jom the anticling supposed to underlie Mount Peulik..
This hypothesis is supported by observations made farther northead:
on, the peninsuls by Spurr,”® who says: ,

.’lwn' 1. B, Amnﬂmeehlonthwesmhm U 8. Geol, B&r‘vey'rmm
Asg. Rept., pt. T, pp: 146, 233, 1000, : i

W
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- an, each side of the chain of volcanoes which form the axis of the range the
| . rocks dip away very gently and are slightly undolating. * * =*

e Hne of volcanoes is along a belt where the lava has broken up through
the sedimentary Jurassic rocks, tilting these very gently on both sides away

= from the mass.

The zones of low dip and of relatively steep dip do not form large,
pronounced structural features but simply show minor variations
of the monoclinal dip. The strike of the rocks would carry these
zones across the coastal mountains into an area not covered by this
report, and within the valley the evidence for some of the zones is
bssed upon only a few outcrops. Owing to scattered erratic dips .
and the grading of one zone into another, the placing of the border
lines of each zone is somewhat arbitrary, but it is believed that the
descriptions given essentially represent the conditions existing in
the valley.

WIDE BAY ANTICLINE.

w& Buy‘ unt.wlme (see PL XT) is a fold of large dimensions,
but unfortunately the greater part of its crest lies beneath the waters
of the bay, and the details of the anticline can not be studied. This
anticline is a continuation of the Bear Creek-Salmon Creek antieline.
which extends northwestward from Portage Bay. On the cape be-
tween Portage and Wide bays the line of folding is interrupted by
a Jarge igneous intrusion. From the northeast end of Wide Bay the
anticline extends to the head of the valley at the southwest end of
thé bay. -The southeast flank is represented by the group of islands
said.point of land partly mclomng the bay. The northwest flank is
from 5 to 8 miles wide and is formed by the waatwudd;ppmg beds
in the mountains on the mainland. The anticline is termifisted at
the head of the vslley southwest of the bay by large masseéoi igneéous
rocks.” ‘Some of the igneous rocks, especially the basalt, may be only
surface flows, but a large intrusion of quartz diorite near this locality
is probnbly deep seated. Farther southwest the rocks were not ex-
amined, but lt. is quite likely that the anticline reappears, inasmuch
as the crest of the Aleutian Range is structurally a great anticline or
anticlinoritm, However, the mountainous country between Wide
and Amber bays is very rugged and difficult of access.

The lowest beds exposed on the Wide Bay anticline are part of
- the Kialagvik formation, of Middle (?) Jurassic age. These beds

_-.are exposed from the banks and bluff close to the beach southwest of

- Fié Ghéek to and beyond the head of the bay. The thickness of this
f0PRELIE and the character and age of the underlying beds are
not knowit. - The Shelikof formation, of Upper Jurassic age, over-’
lies the Kialagvik formation unconformably. The unconformity
shows that érésion and deformation of the Middle (%) Jurassic

" rocks occurred before the Upper Jurassic sediments were deposited.

]
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If folding took place before Upper Jurassic time it may have been
slight and- 1oeal, but it would have significance in the accumuiﬁﬁldn

of oil, 'prowded il is present beneath the Wide Bay, a.ntwhna Thg..\
beds of the Kialagvik formation for half a mile northeast along the.

beach, from the mouth of Lee Creek can be seen at low tide stnh;lg
¥ out in the bay at an angle of nearly 90° to the axis
of the Wide Bay anticline, This unconformity does
not. appear so well marked elsewhere, but other dis-
d ‘cordant dips were noted. Only at the extreme south-
west end of the bay do the Middle (%) Jurassi¢ beds
'5\ A "conform in strike and 'dip to the overlying Sheflkof_
4. o formation. At other localities the lower beds are,
_‘i “either horizontal or are discordant with the Upper
§ 'Jurassic beds. The apparent irregularities of the
% lower beds, which in places strike transverse to the
% axis of the Wide Bay anticline, may be of such mag-
5 nitude as to form suitable reservoirs. for vil, but- care
_should be taken in selecting a well site. . j
'5‘ _The exact location of the axis of the dea Bay
&  anticline can not be determined, as its crest is covered..
£ Dby the bay or the alluvium in i valley. . However,
% the axis is probably closer to the shore of the main-

* the northwest side of the bay the beds are nearly
borizontal, The beds in the islands dip 6°-24° SE.

UeAsm(mmwm

The muaf. promlsmg fold for the acgummtwn of,
, oz.l in commarmal quantities in this. yegion. is the

_This anticline extends from, Burlis Mountmn, near.
" the source of Featherly Creek, southwestward about
16 miles to Deer Creek. It lies within the nerth,
eastern part of the drainage bas,l.n of Upper Ugashik
Lake andmfrotholﬁmJ.l Mn;dﬁoml‘om.ge
“and Wide bays. The northaast end of the snticline,
_which is now being drilled for oil, is a well-developed

:gmnm &Jﬁmﬁ;&mﬁon tmm Hou.nt ]

dqma, ref;arréd to above as the Pearl Creek: dome, on which thmag- i

aavpra.l: seepages and two patches of oil residue,  Special af 2
wag given duripg the recent investigation to the southwest end Ju;f the
anticline. Where the fold crosses Crooked Creek both,,lmbg dip 12°,

by, the ;hps become gra.dually less toward the saut.hwast, until s.t

..)‘.—' -1 i Lttt _ 3

% ;’land than to the islands. At several places along .

- ‘and are probahly well down on the southewt ﬂmh. ;
. of the amnalme. ‘3 sy

| Ugashik Creek antickine. (See PL X and fig. 2.)

Ll



- COLD BAY-CHIGNIE DISTRICT. - 2208

Igeer Creek the anticline dies out into a monoohne with only north
west dips. :
~ The axes of the Becharof Lake synchne and the Ugashik Creek
anticline, which are about 5 miles apart betweén upper Becharof
Lake and the Pear] Creek dome, converge in the, vicinity of Meore
Creek until they. are only 3,000 feet ag.rt Where, the synclinal
axis a.pp:pa.ches the anticline a thrust fafit of considerable displace-
mqn§ pccurs along the crest of the antigline and . parallelto the
#xi8 of the syncline. The beds on the northwest flank of the anticlise
. Moore, .Creek are undisturbed apd dip 4° NW... The overthrust
-‘bads, which are composed of conglomerate and arkosic sandstone,
&p 19°~35° SE. The angle of the fault plane is about 45°, which
would project the fault down the southeast flank, leaving the cvest
of the, anticline undisturbed at a mederate depth. . However, the
am;n. lwhxc,h ml could a.ccumulnta on the southeast: flank: isi very
. MNW the dips on the northwest flank are gentle but exhand
%Wbﬁgwb&]&ke The fault was traced about 2 miles.
ﬂggﬂweet of Moore Creek the syncline swings to the south, toward
Degr Mountain. : The anticline continues as far as Deer Creek, but
af;, is nore in.the nature of a terrace than a well-developed fold. :
. :,;Bocks of the Naknek formation exténd over the entire area of the
‘ Uguhlk Creek anticline except near the northeast end, where
_igneous rocks ocoupy a small area in. the vicinity of Mount.L Peulik.
. ;Toward the southwest end of the anticline the surface rocks are-com-
~ posed of, conglomerate, arkosic sandstone, and thin beds of shale,
" pawtinf whigh represent the conglomerate at the base of the Naknek
formetiogt., - Thei basal iconglomerate: of the Naknok: is cexteadingly
veriable in thickness. At Cold Bay it is only 70 féet ‘thick; but slotg

" Jeo Creekiat-Wide Bay the member is represanted: by at-leabt’ 3,000

Heet- of conglomerdte and arkosic and  pebbly .sandstone. " In ‘the
walley of Deer Creelbnear Deer Mountain 2,000 feet of rather massive
conglomerate is exposed.  Where ‘the anticline' crosses Ugashik
Mountain the beds dip southwest, forming part of the Pearl Creek
dome. These beds are not exposed on the anticline southwest of the
moyntain, skkhough the altitude ismo greater than.at Ugeshik Oreek.
Henee degper, drilling wonld propably be necessary qn tha &nhnhnb
Ol tothaaouthweatt.hnnonthedome.
ng wells that ave now being drilled at tha most ﬁwm‘able mtas
i ;dome should demonstrate whether the southwestern:part of
k. Creek anticline is worthy of a test by drilling. !By
mea.ns;o:l.,qml.l Jog and a detailed stratigraphic study of the strata4h
" UgsashikiMoungain and along the anticline farther southwest, with
the t.h;ekgmrg qj,;the Nnh:ak conglomamta in mmd it should ba

,-\:321_ S il aunsze lawel
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possible to make fairly accurate estimates of the depth to ihd‘bﬂ

homon at different localities.
i r ‘l" ¢
mnm nomrruu ANTICLINE.

T!in Elephh::lt ‘Mountain anticline (see PL XII) is the only r1
aniticline in theregion sdghwest of Wide Bay. It lies close to'
divide betweén the Pacific Ocean and Bering Sea drainage’ and éx-
tends from the north basik of upper Lava Creek northéastwas d across
Rlephant Mountain to the héadwaters of Cinder Creek. Tha iy
beyodd Eava Creek in the direction of the ﬂnudlmem'vmy .
and'gome of thé mountains are composed of igneous rocks.  Sev
imtrusive dikes and sills occur along the crest and-on the limbs!of
ihe:anticline; The extreme outer flanks of the anticlineé on Lava
‘Oreek and the middle part of Aniakchak River dip 18° to 45° and
are 1€ niiles spart.:  Both flanks cad''be seen ‘From PhnwleMonn-
tain. - Along!ehs axis of the mai uhticlirio thé eiﬁa m’.na
the beds ave folded into several smal¥ anticlines and’ !gyhc
axes roughly parallel the mwin line of folding. These' supérﬁdwd
folds are diffielt to follow across the rugged country!” The The axis of
one .of the small anticlines is nearly parallel’ with the valley'of
Wiggly Creeljiand the: ﬂim!m of tlns antxcline é-rer &idrtow ﬂith
dips of 2° to 62,

i The main‘line of folding'is ‘pmbhbly purb o£ ths p‘rlnclpal d.ﬂtl-
chm of -the  Aleutian Range. This structursd feature, although
broken in several places, extends through the greater part of the
‘Alaska Peninsuls. In the area between Lava Creok and Mniskéhak
Crabor the antindine rises and flattens out:' The oldestirocks expbusl
MMacthhe anticline are’part of the Nukmek forinaties.
Thase beds arop out in-e small arearon the north sidé/of Lava Creek
walley and in several mountains towsird the. southwest;: mhdimg"thb
south side of: the crater rim. .'The’ surfice.rocks over the gndter
pm of the Eleohant Honntmm uﬂcﬂne are. Turhary epetiby

to i T Y b . :Il‘
i nm'm. .

i3

*Thede‘fomr.mon Jin thb Uﬁld‘Bhy dlsitricl: has- ndif‘béeﬂ hhi
Dby 'severe faulting. The only.'récorded fautt of any’ ritable size is
the one described by Capps, which'crosses ‘the head’ of 'Cold Bay.
This fault hss & maximum 'displacement of2,500 feet on the west
shore of Cold Bay, but the throw seems‘to- dﬁcmaqa both' souf]
atid northeast from that point. The seuthwestward extent
fault is not known, but it extends st Jeast to the head' of Dry Créek; .
northeast of Qold Bay the fault has not been followsd. ' A’ few a!m.]l
faults were also mapped southwest of Cold Bay, bt all of them are
of local extent. North of Cold Bay, in the Kejulik Valley, a few
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small fault planes were seen near the point of upturning of the sedi-
ments against the Kejulik Mountains, but nowhers is there much
if any displacement along these faults. In other places in the valley

. ereatio dips were seen that may represent local faulting, but no fault
» iplanes were seen in conjunction with them. North of Mount Peulik

the sodimentary rocks do not crop out and if faults are pmaent they

ngthe mon the surface.
et ,_‘Z_, MINERAL RESOURCES.

PETROLEUM.

Thp prasance of petroleum in the sedimentary rocks of the Alaska
Pemnanla is disclosed by seepages that have been reported at several
places from time to time. The earliest reference to, petroleum on
the pemnsu]a was made by Davidson® and Dall* in 1869, when

they, reported a seepage * near Katmai Bay.” Subsequently seepages
wete seen iny the Cold Bay region and have beem reported around

.Amqkq.hak Bay and Chignik. Most of the seepages reported have
3, in the region, that has become popularly known as the Cold -
ﬁald, where patches of residye and seepages have.been seen

nt-nveral places.

The, patroleum seepages in the Cold Bay fiekd have. bqqn Qascnbed -
by Capps,® and- the following descriptions are: taken. substantially
from his report. The seepages are in two groups lying along the
il tpz,o lines of anticlinal folding. Several seepages have been reported
) ﬁm the Bear Creek-Salmon Creek anticline and near the extension
> ﬁ;psatthehead of Oil, Creek. Two seepages occur on the
3apl Creek dome, a part of the Ugashik Creek anticline... (Sae
,2. ).... The largest scepage is found at the head of Oil Creek, in

the M field, where oil, gas, and water emerge as &.strong spring

.and, -the evaporation of the more volatile constituents. of ‘the. pil

has left a large area. of a viscous black residue 1 %o 6. MM

Nt

‘The flow of this seepsge was estimated by Capp&lt.abmthalf.- 47

* harrel of oil a.day.. :On. Oil Creek below the residue pateh.there ave
several seepages that yield a small flow of oil. Other sepages are
reported. from the South Fork of Rex Creek, and one:each frem
upper Bear Ureek and Salmon Creek. All these seepsges are on
the Bear 'Creek-Salmon Creek anticline, but they emerge from
sandstone of the Shelikof formation well down on the flank of the
Sold,,

qu mdua patches occur on the Pear]l Creek dome. One mear
the month of Barabara Creek on its north side is similar in mmd

ﬂnumnh.bmﬁ. Coast Pilot of Alaska, 1869, p. 36,
. ®Dall, W. H., 8em; p; 199,
7™ Cappa, B. B, The Cold Bay dlstrict: U, 8, Geol. Burvey Bull. Tso.pp.mm 1m

l -
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ahsmder to the: p:ﬁr;h on Qil Gmek ‘The actual point of emergence
of thesoil icould: nbb. be seen, but weter running along a drainage
liria: thebugh - the qresidue was- covered - with ‘thick dark-brown .cil.
The: other residus patch, which is somewhat smaller, lies in the valtey
of /Peatl Créek abbut' a mile northeast of the large patch.” No:bil -
was shen emergingifrom the rock, but a thick brown ‘eilieczes froin
the residue and flows down the creek. The rocks underlying these
two residue patches belong in the lower part of the Naknek forma-
tion. 'Other small stepagbs'hive been reported to occur m tha valley
of Pearl Creek.

No seepages have been mported to occur in the region around
- Moudt Penlik, e:tciapt at the Pearl Creek dome, and none 'were’ éeen
during the sumiter of 1922 In the Kejulik Valley also' no* bil
'‘Sepages ‘were' sed_lr although' some have been reported and & gus
mpagb Whs seen'tiear ‘the head of the East Fork of Kejulik' River.
PR ighs emergés it two places several hundred. feet apart, both at
{1l fdot- o4 Bluff on the edge of a narrow vallby.' "The'igas flows

Bz Cina ‘early eorifiuous stream of bubbles and has built ‘d:b o low

‘lﬁwnﬂ artund’ ‘the orifice. Evidently considerable water is* .
iiwith Whe‘gas, a5 the mound ig’' composed of a'soft mud snfmouﬂdad’
an otherwisé dry valley floor and a small stream of water flows' &why
- i ph sepagl The rocks' forming the Bhufls aling'th edge of
* ‘the' ¥hiley ‘and*fiderlying tha vaﬂeﬁ ‘bﬂloﬁg m ’che?‘bwar Iiaﬂ, o‘f
‘¥ho Nitknelr fébmition. v/ ¢ ittt
b e Kefulile Valley hts‘béen ‘frequently mentmxred 45 an ares pos-
'ﬁlﬂf“ﬁnderlai‘n by oil resérvoirs. Tt'is generally understood # F‘t;]:ha- .
ﬂeﬁt time thut the gealogmﬂtmctura most favorable for 5
wetumulation i Hhat of an' antitling or'dome. Petroleuﬁ:l dchumi
thoddTiave ko been foribd; howsver; ag'the restlt of different f
SealPedtureliof the vocky thb‘mﬁefves, and dny petroleum’ ‘aé tﬂa.- :
Hionithas By @it in the s6diments utiderlying the' Kia]n]ﬂi: Yallgy
-dvelindstiprobably due to such features. - A”ehange inporosity dv
| o wihatige-inthe conrséniess of the sedindints @posited; » variation
“i Parodity dideto a variption in the’aiount ‘df cémeriting materisl,
‘i de'thel | prediinibe of lenficuliir bodids of sﬂmlétntfe ape’ nﬂ feutirrds
ithat may hulﬁflpbimé fihportance i their infienced L thie odil-
- sigation and aeeamulation’ of petmhtﬁ:u "'The ‘dinﬁga sz‘bhlfy and
the tpresenee’ of lenses' of ‘sandstone are likely'to b’ of more im-
‘parténee in sedimients déposxtéd in ‘shallow watér and héar tha'ﬂhore
such as most of the sediments in the Cold Bay district. Sedimémts.
‘Blﬁ @own #er the shiore are usually of coarser grain tﬁ.ﬁ 08e
jited farther out, but!they may grade laterally’ into ths fifer-
ned sediments without any digtinet break, and “Fhere they do
there is a gradual change in the effective porosity-of the rock and
4ir'its” effect7apon permeéating liquids and gases. ' Pétroleum might
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. migrate through s loose, porous reservoir sand, but if that sand be-
.gomes dense and fine grained the petroleam tan no:lgnger. mlgrabe
‘threugh it and will accumulate in the coarser part ofgthe bed if it is
inclosed in impervious sediments. The sediments in the Cold. Bay
-district are known to differ greatly in different. parts of: the district,
‘but it is impoessible- to predict just where, the pe'rosity bas changed
sufficiently to cause accumulatlon, and hence it is im poamble to pm—
‘diot the location of reservoirs formed in this way. :
-..*The »ariation in the amount of cementing material may nlﬂo be
.asimportant factor in determining the location and extent of an oil
- péservoir. A sandstone may be tightly cemented so that it contains
little effective pore space, or a sandstone composed of grains of the
same size may be very loosely cemented, thus having a high effective
porosity. -The first sandstone would not make a good raaervmr, hut
the second one might make an excellent reservoir. i 1
.. Theré: are local variations in the degree of: camntatmn wltnhin 2
. ganddtério’ bed, and this feature is of particular interest incomn-
‘sidéring the possibilities of oil accumulation on & monocline:  The
reasen for the differential cementing is not.well understoad; but- it
-unquestionably exists. In a tightly cemented sandstone the:existing
-pore:. space may consist of voids so small that the rock is relatively
dmpervious to migrating petroleum, owing to the high frictional and
capillary resistance. In many places the tightly: cemented parts af
& sandstone are in the form of thin seams paralleling the beddiig
platies; but in other pls.ces they are arranged irregularly. A-tightly
~ -cementéd: part may occur in such a position as to effect an-acoumula-
tion:of Petmlmm in the more porous sandstone lying along the .dip
w.ity giving: rise to what is known -in the .0l .men’s vernscular
uB 8. gpotty sand.”. The determination of the location of such areas
1igy even.ynofe  difficult than that of the lateral variation in. the
lighology .of sandstone beds, so that this feature is.of no. assie‘lsa.nm
i predioting the oil possibilities of the Kejulik Valley. o
+1,iThe third feature that: was mentioned above as having a.- poasxhle
_ saﬂnenne on' the accumulation of oil i8 the:presence of. lenticular .
bodieg of sandstone. Such bodies are frequently déposited under

shallow-water: conditions, where shore ourrents and. xiver cutremts A

.may both, be‘active in forming bars.and deltas. - The sand lenses may
;be;thigk bedies having a lateral extent of .several miles, and if they
ape ipaluded within & shale member of the formation that contains
organiq matter in sufficient abundance to supply petroleum to the
;sandstone lenses, large accumulations may be formed. Several fields
1in the: United States have produced petroleum from lenticular sands.
. All.three of the features above set forth are difficult of determing-
- . dien in advanes:of drilling, but all three may have a: degided:in-
" sfence upon the accumulation of petroleum upon:a monocline. : The
- 76818°—24——14
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rocks that erop eut in the Kejulik Valley are largely: of ‘the Nakniek
formation and ‘overlie the 'Shelikef formation, which is:the eil-
bearing formgtion in the other parts of the Cold Baydistrict.
Although no oil séepages were seen in the valley it is reasonsble:to
assume that thé Shelikof formation, underlying an area 10/iot:ii2
miles: from the ‘nearest known seepage, contains petroleum, which
wunder the proper structural and physical conditions would form
accumulations, In the Kejulik Valley there is no known stréctural
feature of the 'dypes that are usvally considered fsvorable :for
petroleum accumulations, but various conditions of ssdimentation
may have produced the same result. The dip of the strats earries
the Shelikof formation to a considerable depth below the Nakmok
formation within a short distance, so that it is only close to the
.southeast side of the valley that the Shelikof formation lies near
enough to the surface to be reached by the drilk

iThe flattening:of dip of a monocline forms the mmm feature
lmown as a terrace, In the Pennsylvania, Ohio-Indians; Oklahoms-
‘Kansas, and wany other fields petroleum has been obtained from
‘terraces, but as commonly used the term - terrace ” 'includes amy
‘minor flattening of the dip of a monocline, so that. the pressnce
of x terrace does not mecessarily mean the presence: of structure
ifavorable to the accumulation of oil. Such an accumulation on a
terrace involves ‘many. factors that make its predietion difficuit.
~The effect ‘of change in porosity and lenticular sands is the same
a8 on a monooline. (See p. 207.) The degree of change of dip is
the oritical facter, as the oil accumulates at and immediately below
the point where'the inclination of the strata has changed suffieiently
to prevent further migration. The ¢hange of dip necessary to offer
sach & batrier'is dependent npon the'character of-the sand,  the
initial inclination of the monocline, the force behiad ‘the:movement
of the petrolenm, and nearly all the other ‘factors tHat “influéhde
migration. In general thecleser the flattened beds approach to the
“horizontal .or to a reversed dip the greater the bartier they dffer
.. %o the further migration of petroleum. In sediments having' & low
‘diyTe ‘Mattening of only a few degrees may - furtish an effective
‘bartier, whareds if the same sediments are steeply inelimed they might
have to flatten a groat’ many ‘degrées to make the ¢habge in’ dip
effoctive as & barrier. 'In the Kejulik Valley: the zoné of finttened
dip# extending across the headwaters of Albert Creek has dips 12°
to 15° flatter thén the zone of steeper dips northwest of it. Howevez,
as the less steeply inclined sediments dip 8° to 10°, it is'biliéved
that the relative decrease in the amount of' dip is Insuffibient to
-prevent the further migration of the petroleum.'i 'l ‘eonjunection
-with the other factore that influence the accumnulation-of petrolenm
o1 & monoclize the ducrease in dip may bhave an importance thit
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gofn -not- now be seen or predicted. The fact that the dip may
within .a short distance carry the oil-bearing formations to a depth
beyond reach of the drill must be emphasized. It is only near the
sontheastern edge of the valley that the .Shelikpf sandstones lie
nearepough to the surface to be reached by the drill, aceording to
the common .cominercial practice, in which the limit of depth is
8,500 feet. i
A Sow. observations west of Mount. Peulik suggest, the exlst-enea of
aa anticline (see PL X)), but its size and extent and even its ex-
can only be conjectured. Further, the igneous material in-
mvad in the formation of Mount Peulik is believed to have been
ejepted through a.channel extending down through the crest of the
-anticline, and the heat and pressure exerted by this material may
‘have severely metamorphosed the sediments and driven away any
oil they may have contained. It is apparent that the area around
-Mount Peulik oan not be recommended as probably. containing
-amailable oil accumulations.
v+l seepages were reported to occur near the head of Moore Creek,
butthey. were not found by members of Mr. Sargent’s party. Along
ithe fanlt at Moore Creek there are several springs giving off. sulphur
dioxide gas, which has & very characteristic odor and forms a white
scum on the water. After the scum has been in contact with the air
for some tims it becomes black. The black substance has the appear-
ance of an oil residue, but its physical properties differ, and it can
easily be distinguished from oil residue by its peculiar odor and

' A% viseosity. Seweral pools of water with an iridescent scum of

3gent. oxide, which. might be mistaken for oil. were seen: in the small
yalleys in ‘this.general locality. .

Oil seepages were not geeny on the Elephmt Mountam mt.whne,
.and nene have been reported to opcur along this fold, although there
hava been many reports of seepage west of A.niakcha.k Bay and on the
eape between: Aniakchak and Amber bays, Some of these supposed
-seepmges were found $o be films of iron oxide on pools of water and
-xed iron stainsion rooks. The seepages reported on the cape were not
-sx¥amined. The claims that have been staked in the Aniakehak dis-
trict-do not extend. inland as far as the crest of the anticlige, although
some of the claims may include part of the southwest fank, whee
the dips ‘are locally 45° SE. The lowest beds: expased:on: the anti-
-ckine, those in the upper part of the Naknek formation, are probably
Ahoussnds of fest above the supposed oil-bearing beds.in the Cold
By digtrict.. However, owing to the variable thickness of the strata,
espedially the conglomerate beds 60 miles to the northwest, it is im-
possible: §o-estimate the depth to any particular horizon below the
surfave o8 the Blephant Mountain anticling. ‘It is not improbabke
Abat there are oll-bearing rocks in the Upper Jurassic series:that are
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not known. ‘The  oil in the Cold Bay district e’ supposed to’be ‘de-
rived from the Shelikof formatmn, but the exact herizonis unknow.,
A stratigraphic sbudy of the region southwest of Aniakchak Crater,
where!Jurassic roeks are thought to be exposed, may furnish infor-
‘mation regarding the suceession beneath the Elephant: Meumntain
antichine. ' Althongh at places on the anticline the struetural condi-
tions are favorable for the accumulation of oil, until indications are
found'br some of the reports of seepages in thia"‘gonem‘lf-mghn-"nm
‘verified there is no reason #o believe that this anticline containg com-
‘mercisl pools of 6il. From present knowledge of the strati
the ipessibility of such pools within drilling depth is relativsly :
! Oit seepages hawe been reported 'from the country west of ‘Mmk— 3
¢hak Bay and eadt of the high mountains in the central part of the
pemna‘uia, and tany claims have been staked there. It was learned
‘it the'field that mest of the claims had been staked by one man. By
“far' the greater number of claims are located inan svea'of igmeots
rocks, or in the valley of Aniakchak River, which is covered' by:the
-ejectd from the crater at the head of the valley. ' The consolidated
recks beneath the cinders’ are probably slso of igneous”origin; s
the /mountains ohboth sides of the lower part of theivalloy sad
‘géveral small outorops within the valley consist of ignesus rocks.
“Most 'of the retks consist of volcanic:tuff and breccin hich have
“flowed'out over the sedimentary roeks. “The thickndst of ¢his velcanic
-matéritil is not'known but is thought' to be several thousand feet.
‘The thiekness undoubtedly varies from place to place owing to the
irregularities of the surfate over which the material flowed. The '
‘froléande cehter or'vent wagnot-located. A few small isolated bloeks
of sedimentary rocks, dipping: very 'bteeply': bmaith rﬂ!m ignsous
-priaterial, occut cldse tothﬂlb’euch at Aninkehak Bay. o0 o0 i)
. #1Pools of smgﬂant wates dovered with: ‘an i‘rldeaoent tﬂ!me of firon
“oitide 'were: foutid“in the &ren’df ignsous. “robks; near ‘the Jodalities
Twiere oil- ‘Beepages’ were reported to obeur, Oil ‘seepages were also
igéportisd on the gape betweer :Amber hnd 'Awishehak: bays. - Fhese
“seepages ‘were riot found! but- sedimentary rocks of unkmown | ‘agge .
“oceupy’ part of the cape. Ffiioil’ seepdges’ oceur:in the general dis-
 hiye likhlyto be: found: in the. N‘kehwy "of &mbinﬂﬁay
; g of '‘Aninkebak By, wo <ol uls T
*fﬂﬂaﬂﬁn ‘"ﬂi&:—!ﬁﬁﬁﬁk Vil'lley’ mor ‘the iregion Jncrrthi and west- of
Monnt Pewlil obitaing safficiently woll ‘developed structural. features
of the-types that wre wsually considered favorable for the acewniuld-
-tien of' petrolewimi4o be recommended. as good- places todrill wellk.
“The sédimentary rocks of ‘tha Hejulik Valley have been «folded to
‘forth &‘terrace; s structural form that has proved to-beiproductive
Maﬂthaniﬂnﬁil fields'in the ‘States, but inotHisFalley the de-
‘éredbe fin dip is-#0t belisved to be- suflicient ¢ fornr s reservolr
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undess: it is accompanied by other features, such as certain conditions
of sedimentation and cementation that can not be predicted. If
“gpotty ” sands are present in this area; no one drill hole would
prove the nonexistence of an oil reservoir. Further, the oi!-bearing
Shelikof foxmat.lon, except for a narrow belt at the southeast margin
of the yalley, is too deeply buried below the Naknek formation to
be reached by the drill. In view of the expense of drilling in a. new
and the number of holes that would be necessary to test the
ﬁﬁqugxomughly, the prospects of obtaining oil are not good enough
to wamnt drilling. The geologic structure in the region north and
f Mount Peulik is not as well known as the structure in the
uf?‘:k ngley, as the bedrock is concealed by gravel and volcanic.
mtarln.l but some observations and the regional relations suggest
the presence of an anticline extending northeastward through Mount
Peulik, parallel to the trend of the other folds. The sedlment.n.ry
roaks that crop out around the old crater of Mount Peulik are on
the crest of this supposed anticline and are believed to be possibly
high in the Naknek formation. The oil-bearing Shelikof sandstones
may, . tharefore be buiied under several thousand feet of younger
sedments, and even if the formation contains oil on this; anticline it
may lie beyond reach of the drill.

The fature of the Cold Bay district depends very In.ngaly upon the
result of the drilling on the Pear]l Creek dome, as that is the most
promising structural feature in the region, and the success or failure
of the work there will probably govern the amount of later ex-

- ploratory work.

The country southwest of Wide Bay, especially the Aniakchak
L T %ovﬁr&l by large areas of igneous rocks, in which oil does
not otéir. ' The sedimentary rocks are mostly Tertiary and of a
character that makes the possibility of the occurrence of oil in com-
mercial quantities in them very slight. The anticlines are not as
pronounced as those in the Cold Bay district, and those that were
observed are small or possess unfavorable features,

COAL. P O §

The distribution and economic possibilities of the coal in the
Chignik Bay region are set forth by Atwood,** who gives detailed
sections and describes the developments up to and including 1908,
Since 1912 little coal has been mined, although some development
work has been done, especially at a mine on Thompson Creek, where

mine bhildings were erected and a small bunker built on the beach.
No* w&l howuver, has been sold from this mine. The fol.lomﬂg

“,Atwud. WrW. Ggology and mineral resources of parts of t.he Alaska Puln-dﬂ:
U. 8. Geol. Survey Bull. 467, pp. 104105, 100-116, 1911. i
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description of the coal near Chignik is compiled by G. C. Mm=
~ from the account by Atwood, with slight modification. - ,

mIDGIO AN’D AREAL oocmnmnar..

The' bituminous coal in the Chignik Bay region is of’ 'Upper Cre-
taceous’ age and belongs to the Chignik formation. The coal meas-
ures consist of sandstone, shale, and conglomerate that occur in the
middle portion of the formation and are underlain and overlain by
thin beds of sandstone and shale. The Upper Cretaceous (Chignik’
formation) in this region rests unconformubly upon the Upper
Jurassic (Naknek' formation), but it is overlain conformably by
rocks of Eocene age. - This section is shown along Chjknik 'Bivof '
and along the shores of Chignik Lagoon. £

The known extent of bituminous coal in this field does not exceed
15 square miles, but from the distributiod of the coal outcrops and
the general geologic structure in the field it is proba.blﬂ thn.t. mn],'
underlies an area of 40 to 50 square miles.

A few thin lignite seams occur in the Tertiary rocks on the south-
west side of Chignik Bay. The areal extent of these lignite’ mma
is probably between 10 and 20 square miles, but the quality of
material is not such as to make it of economic value.

The developed coals are at Chignik River, Whalers Creek, Thomp-
son River, and riorthwest of Hook Bay. Some detailed sections of
these coals are given in the following paragraphs.

COAL BEDS.

Ulugm'k River-~The coal bed that has been worked ontm‘oyu on.
tha,nwrbluﬁSmAleaabovetheheudnfChgmkIAgoonandhu
been traced inland for a little more than half a mile. At this,
locality it strikes N. 2° E. and dips 24° E. A section of the bed
measured in the drift is as follows:

Bection of Chignik River coal bed.

Dry bone, with thin coal streaks__ i ’?i
Ooal __ — — 8
Coal and dlrf s Kl 8
Coal 5 il d, : . . f_’l :
m ‘eoal | : T ———als ol Y 5
Coal o e : o 3:4
5,%:-

"The roof which is of shnle WJth thin layens of ooo,l overlam by-
sandstone, is very even. The floor, however, is not so regular, and
the roll or swelling in it reduces the thjckness of the béd it the end
of the-drift from 5 feet to 9 inches. Itis poss:lble that the roll, which



COLD BAY—CHIGNIK DISTRICT. 218

i$ known to be rather long, may be narrow, and that a short tunnel
driven through it would discover the full thickness of the coal bed
on the other side.
* The coal is solid and bright and comes out in good-sized pieces.
4 When used under a boiler it has to be stoked very frequently to keep
it.burning freely. It is a fairly satisfactory steaming coal when it
is properly handled, but it makes & large amount of ash, and the
fires have to be cleaned often. An analysis of this coal is given on
page 218,

The Chignik River mine was formerly worked throughout the year
by two men without machinery, the coal being undercut by hand and
shot down. Coal outerops appear at several other places on the
north bank of Chignik River east of the mine, but the beds do not
seem to be of as good grade as that at the mine and have notbeen
worked.

W halers Oreele—Whalers Creek is a small stream entering Chlgmk
Lagesn from the north a short distance below the mouth of Chignik
River.1',Coal is exposed for 600 feet along the northernmost of the:
three main branches of the creek, the exposure being along the strike
of the coal measures, which outcrop at the coal mine on Chignik
River. The strike of the coal is N. 5° E. and the dip is 22° E. The
seu:tlon of thecoal is as follows:

Section of Whalers Creek coal bed

Shaly sandstone roof, Ft. im,
1. Coaly shale iy 10
2. Bhale — 8
3. Coal - . s = 1
4 Coaly shale - 4
5. Bandy shale = 7
6. Coal with slate partings e g e
7. Coaly shale S S S o=y 8
8. Sandstone 5 1 6
9. Coal - st 5 —1 10
10. Shaly coal i 13
2 11. Coal- - 3 1
fandy shale floor.

The slope, which has been driven 130 feet on the coal, follows the
lower part of the bed and includes the strata numbered 8 to 11 in
the above section. The coal bed (Nos. 9 to 11) was sampled in the
~usual way and analyzed, with the result given on page 218 (labora-
tory Ne. 6955).

The goal is bright, black, and blocky, very much like that mined at
Chignik River, but at this locality the section of the coal is better in
that the partings are thin. A nea.rly vertical fault, about 500 feet

downstream from the mine opening, probably cuts off the coal bed.
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On the upstream side, about 40 feet. from the opening, a vertieal
fault throws the coal down 6 feet, and 115 feet upstream from the
mine another fault, which cuts off the coal, has been reported -

Although faults have disturbed the coal somewhat, there appears,
nevertheless, to be a very considerable body of good coal available.
The Jocation of:this coal favors shipment on small boats down
Chignik Lagoon or by rail. A railway might be built across Chig-
nik River a short distance above the mouth and thence across a
lowland area to the head of Kuiukta Bay, where excellent harbor
facilities are reported. The distance from Whalers Creek to the
head of Kuiukts Bay by the proposed railway route is about 5 miles,

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

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

Sections of coal beds in Thompson Valley, ' = -
, L © et
Sandy shale roof. - L _mmivh Co Pl
1. Coal - 3=,

in,

8

2, Shale parting_- ; 2
8. Coal A 2 6
5 4

5

1

2

4. Coaly shale__
5. Coal
'6. Bone o i
7. Coal
»+ Sandstone floor.

D Ad et Uml'hd. ' S
"~ Cross-bedded sandstone roor . L
< dlay -2 ’ ;

in.

2

2. Coal 3 4
3y 78, Coaly shale .. .. = - - = [ e o as ncged

8

B

- 4 Shale_____ ‘ 36,25
Q'K.Gualy shale.._.__._ -
;7. G!ﬁy m ,&1 e el . * i . L Tk 1
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i Ft. In.

2 T N A A R - b ol -+ i S 2 8

; O oalyabate oo e e P e 8
10. Coal - — — - —_— —
11. Bone = 8
12, Coal - e = e e 5
13. Shale ' — e 5
14. Bony coal S 8

_ The analysis of a sample taken from the beds numbered 6, 8, and
10 in the foregoing section of the upper coal is given on page 218
(Iaboratory No. 6956).

Alarge bodjr of good coal is available at this loeality. The con-
ditions for mining are favorable, and the space at the base of the
bluff is ample for mine buildings and mine bunkers. The chief
dlﬁculty in the way of exploiting this coal is in making arrange-
ments for shipping. The beach at the mouth of Thompson Valley
is exposed to the severe storms from the Pacific Ocean. A railway
from the valley to Chignik Lagoon could be easily built, for the
route would be over a lowland area and not more than 9 miles in
iengt.h The conditions in Chlgmk Lagoon, however, are not favor-
able for loading large ocean-going vessels. Hence it would probably
be necessary to continue the railway along the northwest shore of
the lagoon and then by the same route as that from Whalers Creek
to the head of Kuiukta Bay, as already described.

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

Section of Hook Bay coal bed.

£d
:
&
%’
4
3

FEEER

Q
]
lq

T
_ 64
pasting. . .. ..o = 2
. Bony coal ... P . B
]
1

Coal 1

CpNPappPR

©
EE.
@

e Shale floor,

L A.'béﬁm this bed is an 8-foot bed-of sandstone overlain by a thin
layer of coal, ‘Below the main bed of coal lies a 4-foot layer of
shaly aandstme, underlain by a 3-foot bed of coal, in the middle
of which is a 6-inch partmg of shale. The exposures in the tunnek
show the coal to be uniform in thickness and quality.
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In sampling this bed a cut was made across Nos. b to 8, inclusive,
in the above section. The analysis is given on page 218, (labomtory
No. 6952).

The strike, so far as the beds could be examined, is uniform
and appears to continue without notable break for at least half a
mile to the northeast. The tunnel opening is 50 feet above the
stream bottom, where there is space for mine bulldmgu. At present
there is a wagon road from Hook Bay to the coal croppmgs, along
a stream bottom where the general gradient and spsce would be
favorable to railway construction. Hook Bay is an axoellent small
harbor and is bordered by favorable sites for wharves and bunkers.
The distance fram the harbor to the coal is about 8 miles. Four
claims were staked in this field, and development work was being
done_in 1908 under the auspices of the Ala.aka Peninsula Mining &
Trading Co.

CHARACTER OF THE COAL.

The coal from the Chignik River mine is bright black and of
medium hardness, It was worked out in lumps as much as 10 or
12 inches in diameter. The seam, as exposed late in the season of
1908, showed some crushmg at the front wall and at the end of
the tunnel. 'The section in the mine shows sufficient ghale partings
and bony streaks to indicate the general bedded structure of the
coal, which corrésponds to the general dip of the formations in that
part of the field. - The coal, when taken from the mine, was dumped
upon ‘a barge near the entrance of the ‘tunnel and was unloaded
from the barge and dumped into the coal bins at the cannery, where
it-was used. Fi the processes of handling the coal usually became
broken into fragments, the largest 3 or 4.inches in diameter. This
coal does not appear to slack badly. The best exposures in Whalers
Creek are in a prospecting tunnel, where the coal seam is firm and
the bedded structure pronounced, the structure being emphasized
by certain shale partings. The coal is a dull black on the weathered
surfaces but is bright in fresh exposures. The Thompson Valley
exposures are only a little beneath the surface and not beyond
the zone of weathering. This coal, however, is in a heavy firm bed,
more resistant than the shale and sandstone associated with it, as
is indicated by the rapids or falls where streams cross the coal seam.

In the short tunnel in the coal northwest from the head of Hook
Bay the coal is in seams 18 inches or less in thickness, separgted
by thin beds of shale. These shale partings indicate the ,geneml
bedded condition of the sediments and correspond with the general
dip of the strata. The uppeér portion of the seam ‘i bright and
black and of médium hardness and appears to be a high grade of

a1
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bituminous coal. The lower portion of the seam has more bony
streaks but would average a fair grade of bituminous coal.

The following table gives the results of the analyses of some of the
coals from the Chignik field. The samples were obtained at the fol-
lowing localities:

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

6056, Chignik Bay, Thompson Valley, three-fourths of a mile above mouth of
gtream.

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

@953, Chignik River, north side, 2 miles below Chignik Lake.
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whom they can be obtained for a limited period free of charge (except certain maps)
on application.

2. Other copies are deposited with the Superintendent of Documents, Wnnkmgton
D. C., from whom they can be had at the prices indicated- No copies are available
of thm marked with an asterisk (*); they may be consulted at many public libraries.

3. Copies of all Government publications are furnished to the principal pub-
lic Yibraries throughout the United Btaies, where they can be consulted by those
interested.

The mape whose price is stated are sold by the Geological Burvey and not by the
Superintendent of Documents. On an order for maps amounting to $5 ar more at
the retail price a discount of 40 per cent is allowed.
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15 centa. |

Thanm:ingindum'ymlm by A. H, Brooks. In Bulletin 284, 1906, pp. 4-9. 25
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Alasks coal and its utilization, by A. H. Brooks. Bu]letm 442-&' , reprinted 1014
10 cents.
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The future of Alasks mining, by A. H. Brooks, Bulletin 714—A,,a~epnnwd 1921.
25 cents.
Preliminary report on petroleum in Alaska, by G. C. Martin. Bulletin 719, 192],
83 pp. 60 cents, _

Sedit

In preparation.

The Mesozoic stratigraphy of Alaska, by George C. Martin.
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Hapduuh (A); scale, 1: 5000000 1920, by A. H, Brooks. 10 cents retail or 6
* cents wholesale.

*Map of Alaska (B); scale, 1:1,500,000; 1915, by A. H. Brooks and R. H. Sargent.

Map of Alsska (C); scale, 1:12,000,000; 1916. 1 cent retail or five for 3 cents whole-
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Map of Alasks showing distribution of mineral deposits; scale, 1:5,000,000; by A. H.
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Index map of Aliska, including list of publications; scale, 1:5, 000 000; by A_ H.
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Economic developments in southeastern Alaska, by F. E. and C. W. Wright. In
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TheJuneau gold belt, Alaska, by A. C. Spencer, pp. 1-137, and A reconnaissance
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Lode mining in southeastern Alaska, by F. E. and C. W, Wright. - In Bulletin 284,
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Lode mining in southeastern Alaska, by C. W. Wright. In Bulletin 314, 1807, pp.
47-72. 30 cents, '
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Ppp. 50 cents.
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50 cents.
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144-146. 40 cents.
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Bulletin 442, 1910, pp. 147-157. 40 cents.
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58 pp. 20 cents.
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40 cents,
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mmmu?mm Bay, Alasks, in.Beptember, 1899, byR 8. T&n'n,nd
Lawrence Martin, with a preface by G. K. Gilbert. Professional Paper 69, 1912,
-135 pp. 60 centa.
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. W. Wright. Professional Puper 87, 1915, 110 pp. 40 cents. .
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Geology and ore deposite of the Juneau district, by H. M. E&Hn-
The Ketchikan district, by Theodore Chapin.
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Juneau gold belt, Alaska; scale, 1:250,000; compiled. In Bulletin 287, 75 cents.
Not issued separately.

Juneau special (No. 581A); scale, 1:62,500; by W. J. Peters. 10 cents retail or 6
cents wholesale.

Bernera Bay special (No. 581B); scale, 1:62,500; by R. B. Oliver. 10 cents retail or
6 cents wholesale. Also contained in Bulle’un 446, 20 cents,

Kassan Peninsuls, Prince of Wales Island (No. 5404); scale, 1:62, 500; by D, ¢
“Witherspoon, R. H. Sargent, and J. W. Bagley. 10 cents retail or 6 cents whole-
sale. Also contained in Professional Paper 87, 40 centa,

Copper Mountain and vicinity, Prince of Wales Ialand (No. 540B); scale, 1:62,500; by
R. H. Sargent. 10 cents retail or 6 cents wholesale. AImeonh&ned;mPtheulmﬂ
Paper 87, 40 cents.

Eagle River region (No. 581C); scale, 1:62,500; by J. W. Bagley, C. E. Giffin, nm'l
R. E. Johnson. In Bulletin 502, 25 cents. Not issued separately.

Junean and vicinity (No. 581D); scale, 1:24,000; contour interval, 50 feet; by D. Q.
Witherspoon. 20 cents.
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REPORTS,
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sional Paper 41, 1905, 133 pp. 50 cents.
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Mining in the Kotsina-Chitina, Chistochina, and Valdez Creek regions, by F. H.
Moffit. In Bulletin 879, 1909, pp. 153-160. 50 cents.
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Mineral deposits of the Ellamar district, by 8. R. Oapps and B. L. Johnson. In
Bulletin 542, 1918, pp. 86-124. 25 cents.
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Mining on Prince William Soutid, by B. L. Johnson. In Bulletin 592, 1914, pp.
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Mining on Prince William Sound, by B. L. Johnson. In Bulletin 622, 1915, pp.
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Mining on Prince William Sound, by B. L. Johnson. In Bulletin 642, 1916, pp.
137-145. 35 centa.
Mining in the lower Copper River basin, by F. H. Moffit. In Bulletin 662, 1917, pp.
155-182. 75 cents.
*Retreat of Barry Glacier, Port Wells, Prince William Sound, Alaska, between 1910
and 1914, by B. L. Johnson. In Professional Paper 98, 1916, pp. 35-96, ',’
lﬁnmgonl’nnonwnham&nnd by B. L. Johneon. In Bulbetin 862, 1017, pp,
183-192. 75 cetits.
Copper deposits of the Latouche and Knight Island districts, Prince William Sound,
by B. L. Johnson. In Bulletin 862, 1917, pp. 193-220. 75 cents.
The Nelchina-Susitna region, by Theodore Chapin. Bulletin 668, 1918, 67 pp. 25
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The upper Chitina Valley, by F. H. Moffit, with & description of the igneous rocks,
by R. M. Overbeck. Bulletin 675, 1918, 82 pp. 25 centa.
*Platinum-bearing auriferous gravels of Chistochina River, by Theodore Chspin In
Bulletin 692, 1919, pp. 137-141.
*Mining on Prmce William Sound, by B. L. Johnson. ¥n Bulletin 692, 1919, pp.
143-161.
*The Jack Bay district and vicinity, by B. L. Johnson. 'In Bulleﬁn 692, 1919, pp.
153-178.
*Mining in central and northern Kenai Peninsula in 1917, by B. L. .Tohnaan. JIn
Bulletin 692, 1919, pp. 176-176. ’
*Nickel deposits'in the lower Copper River valley, by R. M. Overbeck. In Buﬂaﬁn
712, 1919, pp. 01-98.
*Mining in Chitihi Valley, by F. H. Moffit. In Bulletin 714, 1921, pp 189-196.
The Kotsina-Kuskulina district, Alasks, by F, H. Mofft. .'Banoﬁ.n 74b, 1923, 149 pp.
40 cante.
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Fhe metalliferous deposits of Chitina Valley, by Fred H. Moffit. In Bulletin 755,
1924, pp. 57-72. [Free on application.

‘Fhe octurrencs of copper on Prince William Sound, by Fred H. Moffit. In Bulletin
773, 1925, pp. ——. Free on application.

In preparation.
Gsulog_y of the Chitina quadrangle, by Fred H. Moffit
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Central Copper River region; scale, 1:250,000; by T. G. Gerdine. In Professional
Paper 41, 50 cents. Not issued separately.

Headwater regions of Copper, Nabesna, and Chisana rivers; scale, 1:250,000; by D. C.
Witherspoon, T. G. Gerdine, and W. J. Peters. InProiemonal Paper 41, 50 centa.
Not issued separately.

Controller Bay region (No. 6014); scale, 1:62,500; by E. G. Hamilton and W, R. Hill,
35 cents retail or 21 cents wholesale. Also published in Bulletin 335, 70 centa.

Chitina quadrangle (No. 601); scale, 1:250,000; by T. G. Gerdine, D. C. Wither-
spoon, and others. 50 cents retail or 30 cents wholesale. Also published in Bulle-
tin 576, 30 cents.

Hijgina district (No. 601B); scale, 1:62,500; by D. C. Witherspoon and R. M. La
Follette. In Bulletin 448, 40 cents. Not issued separately.

Hﬁ.dmmglonl of Gulkansa and Susitna rivers; scale, 1:250,000; by D 0. Wither-
spoon, J. W. Bagley, and C. E. Giffin. In Bulletin 498, 35 cents. Not issued

- separately.

Prince William Sound; ecale, 1:500,000; compiled. In Bulletin 526, 30 cents. Not
issued separately.

Port Valdez district (No. 602B); scale, 1:62,500; by J. W. Bagley. 20 cents retail or
12 cents wholesale.

The Bering River coal fields; scale, 1.62.500 by G. C. Martin. 25 cents retail or 15
cents wholesale.

The Edlamar district (No. 602D); scale, 1:62,500; by R. H. Sargent and C. E. Glﬁn
Published in Bulletin 605, 25 cents. Notmued separately.

Nelchina-Susitna region; scale, 1:250,000; by J. W. Bagley, T. G. Gerdine, and others,
In Bulletin 668, 25 cents. Not issued separately.

Upper Chitina Valley; scale, 1:250,000; by International Boundary (ommission,
F. H. Moffit, D. C. Witherspoon, and T. G. Gerdine. In Bulletin 675, 25 cents.

. Not issued separately.

The Kotsina-Kuskulana disirict (No. 601C); scale, 1:62,500; by D. 0. Witherspoon.
10 cents. Also published in Bulletin 745, 40 cents.

In preparation.
Prince William Sound region; scale, 1:180,000; by J. W. Bagley.

COOK INLET AND SBUSITNA REGION.
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- Gold:placers of the Mulchatns, by F. J. Katz. In Bulletin 442, 1910, pp. 201-202.
40 cents. -

Geologie teconmaissance in the Matanuska and Talkeetna basins, Alaska, by Sidney
Paige and Adolph Knopf. Bulletin 327, 1907, 71 pp. 25 cents.

*The Mount McKinley region, Alaska, by A. H. Brooks, with description of the
igneous rocks and of the Bonnifield and Kantishna districts, by L. M. Prindle.
.-:Professional Paper 70, 1911, 284 pp.
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A geologic reconnaissance of the Iliamna region, Alsska, by G. C. lkmnmdk,.l.
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Geology and coal fields of the loml{lhnthﬂley,Ahah, by G. C. llutnﬂ
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Mineral resources of the upper Matanuska and Nelchina valleys, by G. C. Martin and
J. B. Mertie, jr. In Bulletin 592, 1914, pp, 273-300. 60 cents.
Mining in the Valdez Creek placer district, by F. H. Moffit. In Bulletin 59% 1914
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Johnson, and U. 8.'Grant.” Bulletin 587, 1915, 248 pp. 70 cents.
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centa
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662, 1919, pp. 233-204.
*Chromite deposits of Alaska, by J. B. Hame, jr. InBulletin 692, 1919, pp. 265-267.
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The Alaska Railroad route, by 8. R. Cappe.
Geology of the Iniskin-Chinitna Peninsuls, by F. H. Moffit.
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Kenai Peninsuls, southern portion; scale, 1:500,000; compiled. In Bulletin 526,
30 cents. Not issued separately.

Matanusks and Talkeetas region; scale, 1:250,000; by T. G. Gerdine and R. H. Sar-
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Lom ‘Matanusks Valley; scale, 1:62,500; by R. H. Sargent. In Bulletin 500, 30
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Yentnadmh:ct scale, 1:250,000; by R. W. Porter. Revised adstmn In Bulletin
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*Mount McKinley region; scale, 1:625,000; by D. L. Reaburn. In Professional Paper
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Kenai Peninsula; scale, 1:250,000; by R. H. Sargent, J. W. Bagley, and others. In
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The Willow Creek district; scale, 1:62,500; by C. E. Giffin. In Bulletin 607, 25
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The Broad Pass region; scale, 1:250,000; by J. W. Bagley. In Bulletin 608, 25 centa.
- Not issued separately.

Lower Matanuska Valley (No. 602A); scale, 1:62,500; by R. H. Sargent. 10 cents.

Neldhina-Busiina region; scale, 1:250,000; by J. W. Bagley. In Bulletin 668, 25
cents. Not issued separately.

Iniskin-Chinitna Peninsula, Cook Inlet region; scale, 1:62,500; by C. P. McKinley,
D. C. Witherspoon, and Gerald Fitz Gerdld (preliminary edition). Free on applica-
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The Alaska Railroad route: Seward to Matanuska coal field; scale, 1:250,000; by
J. W. Bagley, T. G. Gerdine, R. H. Sargent, and others. 50 cents retail or 30
cents wholesale. _

The Alasks Railtoad toute: Matanusks coal field to Yanert Fork; scale, 1: 250,000;
by J. W. Bagley, T. G. Gerdine, R. H. Sargent, and others. 50 cents retail or 30
cents wholesale.

The Alaska Railroad route: Yanert Fork to Fairbanks; scale, 1:250,000; by J. W.
Bigley, T. G. Gerdine, R. H. Sargent, and others. ﬁocentaretailorsocanta
wholesale.

Iniskin Bay-Snug Harbor district, Cook Inlet region, A.la.slm scale, 1:250,000; by
C. P, McKinley and Gerald Fitz Gerald (preliminary edition). Free on applica-
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SOUTHWESTERN ALASKA.

_ REPORTS.
A reconnaissance in southwestern Alaska, by J. E. Spurr. In Twentieth Annual

Report, pt. 7, 1900, pp. 81-264. $1.80.
Gnld;xon Unslan]n Island, by A. J. Collier. In Bulletin 259, 1905, pp. 102-103.

#Geology @ud: mineral resources of parts of Alaska Peninsuls, by W. W. Atwood.
Bulletin 467, 1911, 137 pp.
Agmhﬁcm&ﬁhhﬁmofﬁeﬂmm%byGCMﬁrﬂnmdFJ.
Katz, Bulletin 485, 1912, 138 pp. 35 centa.
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Mineral deposits of Kodiak and the neighboring islands, byG C. Martin. In Bulletin
542, 1013, pp. 125-136. 25 cents.

The Lake Clark-central Kuskokwim region, by P, S. Smith. Bulletin 655, 1918,
162 pp. 30 cents.

*Beach placers of Kodiak Island, Alaska, by A, G. Maddren. In Bulletin 692, 1919,

Pp. 299-319.

*Sulphur on Unalssks and Akun islands and near’ Smpovlk Bay, Ahsh, by A. G.
Maddren. In Bulletin 692, 1919, pp. 283-298.

The Cold Bay district, by S. R. Cappe. In Bulletin 739, 1922, pp. 775116, 25 cents.

The Cold Bay-Chignik district, by W. R. SBmith and A. A, Baker. In’ Bnnotin 755,
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The outlook for petroleum near Chignik, by G. C. Martin. In Bulletin 778, 1925,
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*HemdaenBayand Unga Island region; scale 1:250,000; by H. M, Eakin. In
Bulletin 467. Not issued separately.

*Chignik Bay region; scale, 1:250,000; by H. M. Eakin. In‘Bul!oth ‘Not
issued separately.

Tliamna region; scale, 1:250,000; by D, C. Witherspoon and (. E. Giffin. Ianlhﬁ.n
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The coal resources of the Yukon, Alaska, by A, J. Collier, Btllh'bnzla, 1908, 71 pp.
15 cents.

The Fortymile quadrangle, Yukon-Tanana region, Alaska, by L. M, Prindle. Bul-
letin 375, 1909, 52 pp. 30 cents.

Water-supply investigations in Yukon-Tapans region, Alaska, 1907-8 (Fairbanks,
Circle, and Rampart districts), by C. C. Covert and C. E. Ellsworth, Water-
Supply Paper 228, 1909, 108 pp. 20 cents.

The Innoko gold-placer district, Alaska, with accounts of the centmal Kuskokwim
?’nllsyandtheRubyCmekdeOIdHJllphwu by A. G. Maddren. Bulletin
410, 1910, 87 pp. 40 cents.

Mineral resources of the Nabesna-White River district, Alaska, by F. H. Moffit and
Adolph Knopif, with a section on the Quaternary by 8. R. Capps. Bulletin 417,
1010, 64 pp. 25 cents.

PheermxmngmthaYukon-Tmmmgwn, by C. E. Ellsworth. In Bulletin 442,
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Birch Creek district, by B. L. Johoson. In Bulletin 442, 1910, pp. 246-280. 40
cents.

mmngmtbeYuknn-Tlmregmn,byCEEunng};. GL.Plrkar
ulletin 480, 1911, pp. 158-172. 40 cents. ‘Pd

Gddplmmnmgdwalopmumthe Tnnoko-Iditarod region, by A. G. Maddren.
In Bulletin 480, 1811, pp. 236-270. 40 cents.
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Placer mining in the Fortymile and Seventymile river districts, by E. A. Porter.
In Bulletin 520, 1912, pp. 211-218. 50 cents.

Placer mining in the Fairbanks and Circle districts, by C. E. Ellsworth. In Bulletin
520, 1912, pp. 240-245. 50 centa.

Gold placers between Woodchopper and Fourth of July creeks, upper Yukon River,
by L. M. Prindle and J. B. Mertie, jr. In Bulletin 520, 1912, pp. 201-210. 50
centa.

The Bonnifield region, Alasks, by S. R. Capps. Bulletin 501, 1912, 162 pp. 20
cents.
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Eakin. Bulletin 535, 1913, 38 pp. 20 cents.

A igeologic reconnaissance of the Fairbanks quadrangle, Alasks, by L. M. Prindle,
with a detailed description of the Fairbanks district, by L. M. Prindle and F. J.
Katz, and an account of lode mining near Fairbanks, by P. 8. Smith. Bulletin
525, 1918, 220 pp. 55 cents.

The Koyukuk-Chandalar region, Alaska, by A. G. Maddren. Bulletin 532, 1913,

. 119 pp. 25 cents.

A geologic reconnaissance of the Circle quadrangle, Alaska, by L. M, Prindle. Bulle-
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. port. In Bulletin 542, 1913, pp. 203-222. 25 centa.
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863-869. 60 cents.

Placer mining in the Yukon-Tanana region, by Theodore Chapin. In Bulletin 592,
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Lode developments near Fairbanks, by Theodore Chapin. In Bulletin 592, 1914,
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Mineral resources of the Yukon-Koyukuk region, by H. M. Eakin. In Bulletin
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Surface water supply of the Yukon-Tanana region, Alaska, by C. E. Ell-worth and
R. W. Davenport. Water-Supply Paper 342, 1915, 343 pp. 45 cents.

Mining in the Fairbanks district, by H. M. Eakin. In Bulletin 622, 1915, pp. 229-238.
80 cents,

Mining in the Hot Springs district, by H. M. Eakin. In Bulletin 622, 1915, pp.
239-245. 30 cents.

Quicksilver deposita of the Kuskokwim region, by P. 8. Smith and A. G. Maddren.
In Bulletin 622, 1915, pp. 272-291. 30 centas.

Gold placers of the lower Kuskokwim, by A. G. Maddren. In Bulletin 622, 1915,
Pp- 292-360. 30 cents.

An ancient volcanic eruption in the upper Yukon basin, by 8. R. Capps. Professional
* Paper 95-D, 1915, pp. 56-64. 20 cents.

Mineral resources of the Ruby-Kuskokwim region, by J. B. Mertie, jr., and G. L.
Harrington. In Bulletin 642, 1916, pp. 228-266. 35 cents,

The Chisana-White River district, Alaska, by 8. R. Capps. Bulletin 630, 1916,

... 130 pp. 20 cents.

'The Yukon-Koyukuk region, Alaska, by H. M. Eakin. Bulletin 631, 1916, 88 pp.
20 cents.

The gold placers of the Tolovana district, by J. B. Mertie, jr. In Bulletin 662, 1917,
Pp. 221-277. 75 cents.

Gold placers near the Nenana coal field, by A. G. lhddran InBuJ.lahnﬁ&S 1017.
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Pp- 403-424. 75 cents.
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Mimng in the Hot Bpnnga district, by Theodore Chapin. In Bulletin 682, 19189,
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‘Bulletin 602, 1919, pp. 338-351.
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pp. 140-161. 25 cents.
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Geology of Fairbanks and Rampart quadrangles, by J. B. Mertie, jr.
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Oucleqnadnnglo (No 641); scale, 1:250,000; by T. G. Gerdine, D. . Witherspoon,
and others. mcq;taretlﬂqrmeentswhohnh Also in Bulletin 538, 20 cents.

Fairbanks quadrangle (No. 642); scale, 1:250,000; by T. G. Gerdine, D. C. Wither-
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in Bulletin 337, 25 cents, and Bulletin 525, 55 centa.

Fortymile quadrangle (No. 640); scale, 1:250,000; by E. C. Barnard. 10 cents :e;ni:l
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Bnniﬁaldmgmn, scale, 1:250,000; by J. W. Bagley, D. C. “ﬁthmpoon and C. E,
Giffin. In Bulletin 501, 20 cents. Not issued separately.

Fditurod-Ruby region; scale, 1:250,000; by C. G. Anderson; 'W. B. Past tndothu:l
In Bulletin 578, 35 cents. Not issued separately.

Middle Kuskokwim and lower Yukon region; scale, 1:500,000; by C. G. Anderson,
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Chisans-White River region; scale, 1:250,000; by C. E. Giffin and D. . Witherspoon.
In Bulletin 630, 20.cents. Not issued separately.

2 Yukon-Koyukuk region; scale, 1:500,000; by H. M. Eakin. In Bulletin 631, 20 cents.
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Cosna-Nowitna region; scale, 1:250,000; by H. M. Eakin, ¢. E. Giffin, and R. B.
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Lakp Clark-central Kuskokwim region; scale, 1:250,000; by R. H. Sargent, D. C.
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Anvik-Andreafeki region; acale, 1:250,000; by R. H. Sargent. In Bulletin 683, 30
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Marshiall district; scale, 1:125,000; by R. H. Bargent. InBulletmGSS 30 cents.
Not issued separately.

Upper Tanana Valley region; scale, 1:125,000; by D. C. Withenpommdi W.
Bagley (preliminary edition). Free on application.

Lower Euskokwim region; scale, 1:500,000; by A. G. Maddren and R. H. Bargent
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Buby district; scale, 1:250,000; by C. E. Giffin and R. H. Sargent. In Bulletin 754,
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Innoko-Iditarod region; scale, 1:250,000; by R. H, Sargantnndc G. Ande:mn.
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SBEWARD PENINSULA.
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The Fairhaven gold placers of Seward Peninsula, Alaska, by F. H. Moffit. Buﬂﬁi.n
'247; 1905, 85 pp. 40 cents.
Guold ‘minipg on Seward Peninsula, by F. H. Moffit. InBu]lsnn :'34 1906, PP- 132-
141, 25 cents.
The gold placers of parts of Seward Peninsula, Alaska, m.cludmg tha Nome, Council,
Kougarok, Port Clarence, and Goodhope precinets, by A. J. Collier, F. L. Hess,
P. 8. Bmith, and A. H. Brooks, Bulletin 328, 1908, 343 pp. 70 cents.
Investigation of the mineral deposits of Seward Peninsula, by P. 8. Smith. In
Bulletin 345, 1908, pp. 206-250. 45 centa.
Geology of the Seward Peninsula tin deposits, by Adolph Knopf. Bulletin 358, 1908,
72 pp. 15 gents.
Recent developments in southern Seward Peniusula, by P. 8. Smith. In Bulletin
. 879, 1909, pp. 267-30L. 50 cents.
The Iron Creek region, by P. 8. Smith. In Bulletin 379, 1909, pp. 302-354, 50 cents.
Mining in the Fairbaven district, by F. F. Henshaw. In Bulletia 379, 11808, pp.
865-369, b50.cents.
Geology andmmanhmmcesoftheﬂnlmonmd Casadepaga quadrangles, Seward
" Peninsula, Alaska, by P. 8. Smith. Bulletin 433, 1910, 227 pp. 40 cents.
g1 %;&ﬂewd Peninsuls, by F. F. Henshaw. In Bulletin 442, 1910, pp. 853-371.

A reconnaissance in southeastern Seward Peninsuls and the Norton Bay-
Nulatp region, Alasks, by P, S. Smith and H. M. Eakin. Bulletin 449, 1911, 146
Pp. 30 cents, . _



X MINERAL RESQURCES OF ALASEA, 1922,

Notes on mining in Seward Pen.msuk, by P. 8. 8mith, In Bnﬂembm, 1012, pp,
339-344. 50 cents.

Geology of the Nome and GnndGoninlqmdmglm,Alaah,byF.H.MnﬁL Bu.lh-
tin 538, 1913, 140 pp. 60 cents. - -

Smheantarmpplyd&w&rd?emmh Alaska, by F. F. Henshaw and G. L.
Parker, with a sketch of the geography and. geology by P. B. Bmith and a descrip-
tion of methods of placer mining by A.-H. Brooks; including topographic recon-
naissance map. Water-Supply Paper 314, 1918, 317 pp. 45 cents.

Placer mining on Seward Peninsuls, by Theodore Chapin. In Bulletin 592, 1914,
pp. 885-386. 60 cents.

Lode developments on Seward Peninsula, by Theodore Chapin. In Bulletin 582,
1914, pp. 897—407. 60 cents.

Iron-ore deposits near Nome, by H. M. En.’n:n. In Bulletin 622, 1915 pPp. 861-865.
30 cents.

Placer mining in Beward Peninsuls, by H. M. Eakin. In Bulletin 622, 1915, pp.
366-373. 30 centa.

Lode mining and prospecting on Seward Peninsula, by J. B. Mertie, jr. In Bulletin
662, 1917, pp. 425449, 75 cents.

Phcerlﬁim.ngonw Peninsula, by J. B. Mertis, jr. InBulﬁnm 1917, pp.
451-468. 75 cents.

“hnmmngmﬁswwd?eninmh by G. L. Harrington. Ian.lld:mm 1419, pp-
353-361.

*Graphite mining in Seward Peninsula, by G. L. Harrington. In Bulletin 692, 1919,
pp. 363-367.

*The gold and platinum placers of the Kiwalik-Koyuk region, by G. L. Hamrington.
In Bulletin 692, 1919, pp. 368-400.

*Mining in northwestern Alaska, by 8. H. Catheart. InBuIlet.mm 1919,pp.

185-198.

*Mining on Seward Peninsula, by G. L. Harrington. In Bulletin 714, 1921, pp.
229-237.

Metalliferous lodes of southern Seward Peninsula, by 8. H. Cathcart. In Bulletin
722, 1922, pp. 168-261. 25 cents.

The geology of the York tin deposits, Mbymmsmmmsm.“’

Oatheart. Btl.lletln 733, 1922, 125 pp. 80 cents.
TOPOGRAPHIC MAPS.

Seward Peninsula; scale, 1:500,000; compiled from work of D. C. Witherspoon, T. G.
Gerdine, and others, of the Geological Survey, and all available sources. In Water-
Supply Paper 314, 45 cents. Not issued separately.

Beward Peninsula, northeastern portion, reconnaissance map (No. 655); scale,
1:250,000; by D. C. Witherspoon and C. E. Hill. 50 cents retail or'30 cents whole-
sale.  Also in Bulletin 247, 40 cents.

Semrd Peninsula, northwestern portion, reconnaissance map (No. 657); scale,

,000; by T. G. Gerdine and D. . Witherspoon. wcanumdarwcsnh
wh 6. Also it Bulletin 328, 70 cents.

Seward Peninsula, muthempwhon,ramnnﬂmmmp(ﬂo.ew),uh,l 250,000
by E. C. Bmud‘T G. Gerdine, andotbeml EOoenﬁmtdlorwmtawholeuh.
Also in Bulletip ;m 70 cents. .

Seward Peninsula, southeastern portion, reconnaissance map (Nos. 655-656); -uﬂ,
1:260,000; b}'E O. Barnard, D. L. Reaburn, H. M. Eakin, and others. !anﬂo-
tin 449, 80 cents, 'Not iauuedaepmtely

Nulato-Norton Bay region; scale, 15000!'!] by P. S. Smith, H. M, Enki.n and
others. In Bulletin 449, 30 cents. Not issued separately.
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RECENT BURVEY PUBLICATIONS ON ALASEA. Xv

Grand Central quadrangle (No. 646A); scale, 1:62,500; by T. G. Gerdine, R. B.
Oliyver, and W. R. Hill. 10 cents retail or 6 cents wholesale. Also in Bulletin 533,
60 centa.

Nome quadrangle (No. 646B); scale, 1:62,500; by T. G. Gerdine, R. B. Oliver, and
W. R. Hill, 10 cents retail or 6 cents wholesale. Also in Bulletin 533, 60 cents.
Casadepaga quadrangle (No. 646C); scale, 1:62,500; by T. G. Gezdine, W. B. Corse,
and B. A. Yoder. 10 cents retail or 6 cents wholesale. Also in Bulletin 433,

40 cente.

Solomon quadrangle (No. 646D); scale, 1:62,500; by T. G. Gerdine, W. B. Corse,
and B. A. Yoder. 10 cents retail or 6 cents wholesale. Also in Bulletin 433,
40 cents, -

NORTHERN ALASKA.

REPORTS.

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, by F. C. Schrader, with notes by W. J. Peters. Professional Paper 20, 1904,
139 pp. 40 cents.

Geology and coal resources of the Cape Lisburne region, Alaska, by A. J. Collier.
Bulletin 278, 1906, 54 pp. 15 cents.

Geologic investigations along the Canada-Alaska boundary, by A. G. Maddren. In
Bulletin 520, 1912, pp. 207-314. 50 cents.

The Noatak-Kobuk region, Alaska, by P. S. Smith. Bulletin 536, 1913, 16 pp. 40
cents.

The Koyukuk-Chandalar region, Alaska, by A. G. Maddren. Bulletin 532, 1918,
119pp. 25cents.

The Canning River region of northern Alaska, by E. de K. Leffingwell. Professional
Paper 109, 1919, 251 pp. 75 cents.

A reconnaissance of the Point Barrow region, Alaska, by Sidney Paige and others.
Bulletin 772. Free on application.

TOPOGRAPHIO MAPS.

Koyukuk River to mouth of Colville River, including John River; scale, 1:1,250,000;
by W. J. Peters. In Professional Paper 20, 40 cents. Not issued separately.

Koyukuk and Chandalar region, reconnaissance map; scale, 1:500,000; by T. G.
Gerdine, D. L. Reaburn, D. C. Witherspoon, and A. G, Maddren. In Bulletin 532,
25 cents. Not issued separately.

Noatak-Kobuk region; scale, 1:500,000; by C. E. Giffin, D. L. Reaburn, H, M, Eskin,
and others. In Bulletin 536, 40 cents. Not issued separately.

Canning River region; scale, 1:250,000; by E. de K. Leffingwell. In Professional
Paper 109, 75 cents. Not issued separately. s

North Arctic coast; scale, 1:1,000,000; by E. de K. Leffingwell. In Professional
Paper 109, 76 cents. Not issued separately.

Martin Point to Thetis Jaland; scale, 1:125,000; by E. de K. Leffingwell. In Pro-
fessional Paper 109, 756 cents. Not issued separately.

Northwestern part of Naval Petroleum Reserve No. 4, Alaska; scale, 1:500,000;
by E. C. Guerin, Gerald Fitz Gerald, and J. E. Whitaker (preliminary edition).

.. Free on application. Surveyed for Department of the Navy.
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