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LETTER OF TRANSMITTAL,

Devaprsest or tie INTERIOR,
Uxrren Seares GRoLoGIear, SURVEY,
Washington, 1. €., May 5, 190].

Sme: T beg to submit herewith the manuseript and illustrations of
n report entitled = The Petrolemn Fields of the Pacific Coast of
Alaska, With an Aecount of the Bering River Coal Deposits,” by Mr.
George C. Martin, assistant geologist, and to recommend its publi-
ention ag a bnlletin

Thig report contains the result of a hasty examination of the strue-
tural and cconomic geology of the loealities where indications of pe.
troletm have boen foumd, Though only a few wells have been drilled
wied it ix too soon to prediet an important future for the region as g
petrolemm producer, Mr, Martin®s studies have shown that there s
ample justification for further prospecting am] that the region nmy
yet be an important sonree of illuminating oil.  Tu this connection it
is of interest to note that the Bering River voal is the best that has yet
been found on the Pacific eonst of North Ameriea,

These conl and petrolenm tields have been deemed of sufficiont
importanee to justify the further investigntion already begun, and it
i« hoped that this. together with the commereial development, will
soon permit of more definite statements regarding the cconomie im-
portanee of thi= ficld,

\'.I'P'\' r\m]nn'l fil"_\'.
Avrnen L Brooxs,
Ceolugist in Chirge Division Nlastow Miweval Resourees.,
Hon. Creasees 1 Waneorr,
Dircetor United States Geoloyical Sureey.
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THE PETROLEUM FIELDS OF THE PACIFIC COAST
OF ALASKA, WITH AN ACCOUNT OF THE BERING
RIVER COAL DEPOSITS.

By Georce C. Marris.

INTRODUCTION.

For several years indieations of petroleum have been observed at
Cape Yaktag,” near Controller Bay. on the western shore of Cook
Inlet, and at many points on the Alaska Peninsula: and high-grade
coal has been known on Bering River. A large amount of eapitfal
has been invested in these fields, several wells having been drilled,
many coal openings made, and other improvements undertaken and
projected. The verbal and newspaper reports from the region have
been varied and conflicting, while such statements as have been pub-
lished by geologists have not heen hased upon their own observations.
Some of the petrolenm and coal propertios have been carvefully exam-
ined by geologists or mining eugineers i the interests of the owners,
but their reports fiave not been wade public,

In response to a general densnd for information a reconmaissanee
of the petroleum and coal ficlds in the vicinity of Controller Bay and
Bering River and of the petrolenm fields on the west shore of Cook
Inlet and at Cold Bay was wade by the writer during the months
of June, July, and August. 1903, and during the smmer of 1904,
The following is a statement of the results of the former investigation
supplemented by some of the more important results of the latter,

These fields, though widely separated, are all on the southern const
of Alaska and. exeept the Bering River coal fields, on tide water,
The Controller Bay petrolenm fields are near the mouth of Copper
River, and the Cape Yaktag fields are 75 miles farther east. The
Cook Inlet fields are about 320 miles west of Controller Bay, in the

s Soe prellminary report, Petroleam lelds of Alnska and the Bering River coal fields :
Bull. U. 8. Geol. Burvey No, 225, 1904, pp. 3065-382,
b Commonly spelled Yakatag or Yakataga,



1o PETROLEUM OF PACIFIC COAST OF ALASKA.  wru. 250,

middle part of the western shore of Cook Tolet, and the Cold Bay field
i< about 160 miles to the southwest on the southern et of the Aluska
Peninsnla. The Bering River conl fields are frogi 20 fo 40 miles
frome the const, v the valley of Bering River, \\lm,‘h flows into Con-
troller Bay,  (See L 1) e

AN these y regions may be reached dirveetly by steamer from Seattle,
exeept the Cape Yaktag field, where there is no ufp‘ul:n stennier land-
ing.  Controller Bay is from seven to nine days! -:tlr from Seattle,
Cook Inlet is about three days farther, while Cold Bay i two days
Bevoud this. L order to reach the Cape Yaktag fieldd it is sometimes
necessiey to seeure o osmall boat for the trip, ﬂ:y to walk from Con-
troller Ihl\

The earliest reforence in llllllt to the ultllﬂ‘t'llt'l' of [n-h-nh-um in
Mk was by Tvan Petrolly who, o 1882, saids © Lo the vieinity of
ISt bothe conl nnd |nlm|vum have ln-vu totmd, but not abundant,
i quantity or exeelling in quality,” :

D WL Dall 7 i 1896 veferrad to the oce Illl‘t'lf('t' of petrolenm on
the portage from Katmai.  “ The petrolemn is said to be a dark [ubri-
cuting ofl wlhieh floats on the surface of ponds and Takes.™

In 1808 Mreo 10 1L Oliphant published a brief statement of the
indieations of petvolenm @ in the Cape Yaktag, Controller Bay, and
Cook Tulet regions. The charneter of the oil is deseribed and o few
weologie notes are given, and in 18091 these notes were vepublished.

Mo Go LL Eldeidge published o IS99 some observations on the
Beving coal feld amd on the Controller Bay and Cape Yaktag ol
fieldsy and in 1900 My, Jo o Spuaere 7 ealled attention to the oceur-
rence of conl and petrolenm in the vicinity of Controller and Tey
bays and published some facts, furnished by Mre. F. H. Shepherd,
concerning the geology of the vegion amd the composition of the
coul,

A heiel statement of the progress of development was made by
Mr, I, L Oliphant # in 1900, and vepublished * in 1901,

The same year Mre. John Kivsopp, jr,' published an acconnt of the
petrolenm and coal in the Controller Bay and Bering River fields,

* AMusbea, s popalation, Industeles, and pesourees: Tonth Census of the Unbied States,
vul. K, p. KT,

tomd) andd lgmite of Aaskn 0 Beventeenth Ann. Repl, U, 8, Geol, Survey, . 1L pe 799,

c eiroleam, o Mineral Hesources 175 B for 1807 ;0 Nipeteenth Ann. Rept. 17 5 Geal.
Survey, plLoG tcontinned ), 1595, p 110,

o Petroleass, In Mineral Resonrees 17, 8, for 1898 : Twentieth Ann. Rept. 17, S, Geol,
Rurvey, pt. 0 teontinmsl ), INIML, p 120

“1he const from Lynn Canal to Prines Willlanm Sound @ ln Maps and Deseriptions of
Romtes of Explorntlon In Aoskas in 18098 n specinl publieation of the U, 8 Geal. Survey,
TS89, e 1L M,

fRpurr, o E, A reconnnissance in o sonthiwestern Alaska in 1895 : Twentieth Ann.
tepd, UL B0 tlenl, Burvey, pt. T, PHML g, 2600264

= Peteoleitn, In Mineral Besonrees U 8, for 154099 Twenty dirst Ann. Rept. 17 8. Geol.
Hurvey, pt. G (eontinusd s, 1907, p. 167,

* Pretrolenm ;. Mineral Resourees 17, 8, for 1900, 17, 8, Geol, Sarvey, 1901, p, 587,

e eond flelils of Cook Inlel. Alaska, 1V, B Ao aml the Paclfie coast @ Trans. Inst.
Miu. Eng., vol. 21, pp. S3G-588, 5o,
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In 1901 My, I, CoSelieader and Dres Aethone Ce Speneer * published
in :lll:l'_\‘:-a'l_- ol 2 .‘\;llllllll‘ of conl fiornished them from Bt‘l‘illg River,
and a deseription of two samples of petrolemn from the Controller
Bay region.  The facts in regard to the coal were summarized in 1902
by Mr. Alfred HL Brooks" and hie also made veference to the veported
existenee of petroleum hetween Yakotat and Controller bays, and on
the west side of Cook Tnlet. .\ statement of the operations in the
Controller Bay and Cook Inlet petrolenm fields ¢ was made by Mr.
I*. H. Oliphant in 1902,

An account of the vecrrence of petrolenm ? at Cold Bay, with notes
on the geology of the region. was published anonymously in 1903, and
Mr. I, H. Oliphant also deseribed in considerable detail the progress
of aperations in the Controller Bay oil fieldss with references to the
Cook Tulet fields,  An abstraet £ of the following report. was pub-
lished in April, 1904, and the information therein contained was nsed
Ly Me. FuTL Oliphant ¢ as the basis for his statement of the progress
of operations in 1904,

CONTROLLER BAY REGION,
GEOGRAPHY.

Controller Bay, an indentation of the coust, about 100 miles west
of Mount. St. Elias, is sheltered on the =outheast by Cape Suckling
and on the sonthwest by a group of ishinds of which the lavgest is
Kayak (PL T, The arven hieve to be ddisenssed inelndes the shores
of Controller Bay and the adjucent vegion, with an irvegular group
of low peaks having no aniform elevation or trend, which form the
foothills of the Chugael Mountains to the north. These foothills
are highest near the mountains and fall away devegnlarly toward the
seat, where few points are more than 2000 feet high,  The castern
shore of Controller Bay ad of Dering River is low and almost flat,

Bering River. with its tributaries, denins the centeal part of (his
region and flow= throngh a ke of the saome nnme, which is about
10 miles from the =sca,  Ahove the Tnke it receives Canyon Creek and
Stillwater Creecke the laeer dhmining Lake Kushtaka,  Shephend

* Geology and Mineral Resources of o Portlon of the Copper ver Disteiel 3 nospeclad
pulitication of the U, 8 Geol, Soevey, 1000, pp 01102,

b rooks, A, 1L, Conl resonrees of Alaska @ Twently seeond Ann. Rept, U, 8 Geol, Bor-
vey, pt. 3, pp. SZ, 549, 501, and 571,

*The prodoction of pelrolewm fn 1900 Exiract from * Mineral Resources U, 8, for
1901, U, 8. Geol, Soevey, 1002, po 208, (Not In bonnd volnme, )

“The Cold Bay oil ficld: Fng. amd Min, Jour,, vol, T, pp, G18-010,

* The production of petrofenm in 1902 Minerol Resonpeees 170 B, for 1002, U, 8. tleol,
Suarvey, 1008, pp. 382-084 (pp. 207 200 of sepoarate),

f 'eteolenm Gields of Alaska and the Rering River conl lelds: Ball, U, 8, Geol, Burvey
No. 225, 1, pp. A05—82,

¢ The production of petrolewm fn VWEL: Minernl Resourees U, 8. for 1003, U 8, Geul,
Survey, 1904, pp. G00-6U2 (pp. 170181 of sepurate).
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Creek enters Bering Lake from the north at its northeast corner,
while Nitchawak River enters Bering River from the east between
the lower end of the lake and Controller Bay. Katalla River and
a number of small streams drain the peninsula between the lake and
Controller Bay. The region northwest of the valley of Katalla
River drains into the Copper River delta. (See Pl III.)

Most of the lowlands about Controller Bay are covered with a dense
forest. Spruce and hemlock predominate among the larger trees
and are of good size and fair quality. This heavy growth extends
up the hillsides to an elevation of about 1,000 feet, where it gives
way to less dense timber of the same species and grades into a zone
in which scrub alders are far in excess of the other trees. In the
lower part of the valley of Shepherd Creek and in the valley of
Katalla River there are meadows covered with a luxuriant growth
of grass.

The various companies interested in the development of this region
have built trails from cabin to cabin, and land travel is confined
to these and to a good wagon road which has been built for about 10
miles west from the mouth of Bering River to the wells 4 miles east
of Katalla, with branches up the valleys of Chilkat, Burls, Mary, and
Redwood creeks.

There are two short tram roads from the mouth of Redwood Creek
and from the head of Katalla Slough to neighboring oil wells, and
one tram road from the banks of Shepherd Creek to a neighboring
coal opening. The network of rivers, however, makes it very easy to
get about in small boats, so almost all travel is done in that way.

The most important settlements are Kayak, on Wingham Island,
which is the steamer landing for the entire region, and the town of
Katalla, at the mouth of Katalla River. There are no other settle-
ments except the camps of the various operating companies and
several small Indian villages. Iayak and Katalla are post-offices.

GEOLOGY.

The rocks include a complex series of semimetamorphosed beds,
some oil-bearing shales, a succession of coal measures, a series of Mio-
cene sandstones, conglomerates, and shales, a few igneous rocks, and a
large area of alluvial and glacial deposits. The map (PL.ITT) is based
on such facts as could be gathered during a hasty reconnaissance.

SEMIMETAMORPHOSED ROCKS.

Under this heading is placed a succession of slightly metamor-
phosed sandstone, limestone, and shale which vary in color from dark
gray to dull shades of red and green, frequently with a mottled
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appearance.  The degree of metamorphism is slight, the alteration
being appavently the effect of erushing and infilteation. None of the
minerals show the effect of extensive recrystallization,

The series is best exposed west of Katalla (see map, PL T1L) and
along the neighboring shore of the Pacifie, where the beds arve steeply
folded, dipping almost Y07, and are also somewhat erumpled.  There
are excellent exposures, too, on the Tox Islinds, which are made up
of this same series, and it was apparently again observed at the ex-
treme southwest point of Wingham Island.  Rocks of the same gen-
eral appearance were also seen abont 34 miles north of Kishtak Point,
in Lone Baldy Mountain, and in the valley north of that region. At
the latter place petrolenm was noticed in the joints.  The high ranges
to the north and northeast of this point are apparently composed of
this formation, or of one very similar in character dipping at a high
angle.

There is no evidence of the age of these rocks, or of their relation
to the others to be deseribed, except that they are apparently older
than all the latter. Tt is possible that they represent part of the Orea
or Valdes series of the Copper River region.

KATALLA FORMATION,

The Katalla formation is a series of dark argillaceous and carbon-
aceous shales, with occasional bands of sandstone, limestone, con-
glomerate, and voleanic ash. It is the series through which the petro-
leum of the region reaches the surfuce.  The formation is typically
exposed in the region to the northeast of Katalla, along the banks
of Katalla River. and in the range of hills to the southeast. From
this point it extends eastward. ocenpying the whole of the peninsula
hetween Bering Lake and Controller Bay and outeropping in most of
the hills south and east of Bering River.  Good exposures were seen
on the west shore of Bering Lake, and it is possible that some of the
shales and sandstones of Kayak and Wingham islands represent the
same formation. No estimate conld be made of the thickness of
the formation because of the complicated structure in all the districts
where it is exposed.

The few fossils that have heen obtained indieate that the Katalla
formation is of Tertiary age.  Several specimens of a crab and frag-
ments of a gastropod were eollected on the west <hore of Bering Lake.
and fragments of a pelecypod were seen at the mouth of Bering
River, and a fossiliferous limestone coneretion with many fragment-
ary pelecypods was collected in the bed of Chilkat Creek. These
were sabmitted for determination to Dr. T W. Stanton, who reports
as follows: * The very small lots from the neighborhood of Bering
Lake and Controller Bay are probably of Tertiary age.” The fol-

Bull. 250—05 M——2
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Jlowing lists give the preliminary determinations of fossils from each
locality.

- 2088, West emd of Bering Lake, in concretions.  Severnl specimens of n
erab apparently belonging to the group Catometopa and related to the modern
genus Pilumnopler of the family Gonioplacidie.  The Catometopa range back
ouly to the Bocene according to Zittel. It scews probable, therefore, that
these specimens are not older than Tertiary.

A feagment labeled * Coup of June 27 to 29, west end of Bering Lake,”
shows an imprint of o small costate gastropod not well enough preserved for
Identification,

2059, North end of Bering Lake, Alaska. Fragment of a gastropod that may
be a Turbu or a related form. Small indeterminate bivalve, possibly 2
venerid.

2040, Mouth of Bering River, Controller Bay. Fragments of an undeter-
mined bividve,

204G, Clillknt Creeh near Controller Bay.  Fossiliferous limestone nodule
with muny feagmentary bivalves, Nothing determinable,

Point ey, Controller Bay, Phacoides (2) sp.. Callista (?) sp., (‘onues sp.,
Musus sp. A (medivnm), Fusus 2 sp. (small)y, Twrritella sp.. Denfalivm sp.
*Troor mnterinl, but the Conns, Fusus, and Dentalivm look like Eocene forms.™

Botwoeen Point Hey and Strawberry Point.e Astrodapis (3) sp., Senete (7)
s Dendalinm sp.

The paleontologic evidence concerning the position of the forma-
tion is therefore rather indefinite, but indieates that the age is cer-
tainly Tertiary and probably Eocene. There is no stratigraphic
evidence on this question, for the exact age of neither of the adjacent
formations has been determined with certainty.  While the Katalla
shales are evidently younger than the semimetamorphosed rocks,
which may be the equivalent of the Paleozoic or Mesozoic Orea or
Valdes formation, they are probably older than the Kushtaka coal
measures, which are doubtful, but probably of Oligocene age.

KUSHTAKA FORMATION.

This name is here proposed for a coal-bearing series of strata,
exposed in the valley of Bering River and its tributaries and on the
shores of Lake Kushtaka, and consisting of an unknown thickness
(at least many hundred and probably several thousand feet) of
shale, arkosie sandstone, and coal seams. No detailed section of the
formation has been found. Tts areal extent, so far as now known,
has been indicated in a preceding paragraph and is shown on the
accompanying map (PL TII). Its lower boundary may be taken
at the base of the lowest coal in this region or at the first mappable
stratigraphic break below that. Its upper limit may be taken at
the top of the highest coal or at the next succeeding mappable strati-
graphic break.

The formation i= distingnished from the Katalla formation, which

& Determined by Dr. W, L Dall and Dr. Ralph Aroold.
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lies in an adjacent belt to the south of it, by the presence of coal
seams, the predominance of sandstone over shale, and the coarseness
of the sediments. It evidently adjoins on the north a belt of erys-
talline formations, of which numerous fragments have been trans-
ported into this region by streams and glaciers. The stratigraphic
relation to the formations existing in the adjacent arcag is mot
known, except that the general structuwre of the region is such as to
indicate that it overlies the Katalla formation, which probably occu-
pies a low horizon in the Tertiary.

The formation has yiclded the following fossils (as determined by
Dr. F. H. Knowlton) : Selie sp. ef. N varians, Coryles macquarrii,
Betula prisca, and Betula grandifolioe. A1l of these occur also at Port
Graham in the Kenai formation, and are representative of the so-
called Avctic Miocene or Oligocene. TPoorly preserved fragments,
which probably represent species of Zizyphus and Laurus were also
found.

MIOUENE ROCKS.

The rocks exposed on the north shore of Kayak Island consist of
beds of conglomerate, sandstone, and shale, with a marine fauna in
which Dr. W. H. Dall and Dr. Ralph Arnold have identified the fol-
lowing species: Leda sp. A, (smooth), Yoldia aft. scissurata Dall,
Yoldia aft. thraciaformis Dall; Macoma of. calcarea Gmel., Callista
sp., Natica sp., Chrysodomus sp. A, Cheysodomus sp. B., Rostellites
cf. indurata Conrad. They are of the opinion that this fauna is upper
Oligocene or lower Miocene, and is the equivalent of the marine
faunas at Unga and Cape Yalktag,

TGNEOUS ROCKS.

Several igneous masses were seen on the west shore of Bering
River near its mouth. and inelude (dikes of a light-colored, fine-
grained rock. tentatively determined under the microscope to be a
micro-granite.  \hout one-half mile above this peint and just below
the Chilkat Indian village are numerons exposures of a fine-grained,
dark-green, igneous rock, which upon examination proves to be a
chloritized tuff.

A massive, light-colored, medium-grained rock i exposed in the
north bank of Bering River at the south end of Carbon Mountain,
and the island in the river at this point is perbaps of the same com-
position. It is possibly of igneous origin and may have furnished
the heat that produced the coke occurring in the vieinity. Speci-
mens of this massive rock were colleeted but were lost in shipment,
and no determination of either its name or its general character can he
made. Several large masses of a basie glassy roek have broken up
through the Miocene rocks on the north shore of Kayak Island.
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The extreme southern end of Kayak Tsland, known iz Cape St
Jlias, rises in a high peak. having the appearance of a voleanic plug.
The rock is of light color. has a cohmuar jointing, and is somewhat
exfoliated and has been identified microscopically as a trachyte.

PLEISTOCENE AND RECENT DEPMOSITS.

At the southern end of Wingham Tsland are good exposures of
horizontal or gently dipping unconsolidated sand, clays, and gravels.
These strata rest unconformably upon the upturned edges of the
shales, which make up the larger part of the island.  They are fos-
siliferons. containing Ostrea and a varviety of other pelecypods and
gastropods, which are surely not older than Pliocene. Tt is possible,
and from the structural relations of these beds as compared with
the other Tertiary and Quaternary deposits of the coast of Alaska,
it seems probable that these beds are, indeed, very late Tertiary
or post-Tertiary,  T'hey are exposed at an elevation of from 10 to 30
feet, and possibly date from the most recent elevation of the coast.
Gravels which are accompanied hy finer deposits and earry no fossils
are exposed inoa similar position along the blufls near and to the
west of Fox Tslands, and probably also represent the most recent
elevation.

The eastern shore of DBering River and Controller Bay. from a
point slightly below the mouth of Stillwater Crecek to the ocenn, is
a flat plain of sand and mnd, constantly growing by the addition of
sediment which the streams from the southwestern margin of the
Bering Glacier earrey and deposit along their courses and af their
mouths. . Mount Nitchawak, Mount Campbell, Monnt Gandil, and
other peaks rise like islands from this plain, and it seems certain
that a very short time ago they were islands in an older extension of
Controller Bay, then as now being filled by the sediment of these
glacial streams.  This vounger fluviatile Quaternary formation ex-
tends along the northern bank of Bering River from a point about 3
miles below the month of Stillwater Creek to Beving Lake. Tt also
extends up the valley of Shepherd Creek for a distance of about 4
miles above the lake, and apparently to the <outhern end of Lake
Kushtaka. The valley of Katalla River and of the stream which
heads near it and flows into Bering Lake is floored with the same
material, as are also the lower courses of mos=t other streams which
enter Controller Bay.  The deposits are known to have a thickness
of over 580 feet at one point on Bering River, and of over 240 feet in
the Katalla Valley.

Another series of deposits contemporaneons with the last. yet differ-
ent in origin, are the beaches. i=linds, and bars which the waves of
the ocean are building along these shores.  Okalee sand spit and the,
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long beach extending from Strawberey 1Tarbor to the mouth of
Katalla River are good examples, Others, which extend out of the
region here deseribed, are Softuk Bar and the line of bars and sand
hills extending in line with it across the margin of the Copper River
delta.

GLACIERS AND GLACIAL DEPOSITS,

The Bering Cilacier, previonsly mentioned as supplying Bering and
other rivers, is o lnrge glacier of the Piedmont type, and, if con-
sidered independently, is sccond in size, among glaciers of this type,
only to the Malaspina Glacier. It is a large field of stagnant ice,
which has overflooded the eastern extension of the zone of coastal
foothills deseribed above, and it is considered by many as merely the
western Tohe of the Malasping Glacier. Tt is, however, in all prob-
ability entirely separate from the latter. A great many valley gla-
ciers coming from the Chungach Range enter it as tributaries. It is
fringed along its southwestern border by a wide moraine, while the
ice itself is thickly covered with rock débris for a distance of several
miles from its front. and, as in the case of the Malaspina Glacier, this
covering is so thick that it is often impossible to determine the mar-
gin of the glacier itself.  During the warm summers large lakes are
formed on the surface of the ice, which later in the season break loose
and subjeet the valleys of the Bering, the Nitehawak, and other
streams draining the ice front fo severe floods. The entire region
from the lower tidal channel of Bering River eastward to the ice
front, a distance of over 10 miles, is n great flood plain formed of the
débris which these rivers ave depositing.

In the region north of Bering River there are a number of valley
glaciers not tribntary to the Deving Glacier. the best known of which
is the Martin River Glacier, whiel Hows northward Dehind the coal
field, and owe Tobe of whicl i< the Knshtaks Glacier. entering the
luke of the some numes There are others o the northwest which
have reccived no names and are nnmapped.

STRUCTURE,

DETAILS,

An anticline extends through the Katalla Valley in an average
direction of N. 387 E. Exposures on the western flank showed strikes
of N. 557 E. and N. §5° K., with dips varying from 18" to 65° NW.,
on the west shore of Bering Lake; and a strike of about N, 40 E.,
with a dip of 707 NW., near the mouth of Deep Creck. The strata
are almost continuously exposed along the eastern fAank in the high
ridge forming the eastern side of the valley.  The strike varies from
north to N, 40° E. and the dip from 32° to 60° SE. The onterop in
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the high southern peak of this ridge is an unexplained irregularity,
for the strike is N. 30° W, with a dip of 35° SW.  From this point a
ridge extends northeastward along the eastern side of the Katalla
Valley. The strike and dip last mentioned are apparently confined
to the southern peak of this ridge, for beyond the first saddle which
separates it from the continuation of the ridge the strike is along the
erest of the ridge, N, 40° E., with a dip of 35° SE. (See PL II1)
This ridge is, then, apparently monoclinal, with the exception of its
southwestern peak. where the strata have been abraptly flexed or
faulted, striking almost at right angles to those in the rest of the
ridge.

The exposures on the western shore of Bering Lake show greater
uniformity of strike than those hitherto deseribed,  The strike varies
from N. 557 F. to N. 85" E.. while the dip is from 187 to 65° NW.
This strike if continued southwestward would carry the same strata
amd the same steneture into the hills on the northwestern side of
the Katalla Valley, and would thus make Katalla River occupy an
anticlinal aren with a northeast-southwest direction.  This strike
does not seem to continne northeastward across Bering Lake, for
the strata on the north shore of the lake apparently belong to a dif-
ferent formation and have a different structure. Tt is possible. then,
that the northwestern arm of the lake occupies the position of a
fanlt which extends vorth and south parallel to the western <hore
of the lake. Tf this fault is continned southward into the region of
the hills on the western side of the Burls Creek Valley, it may
explain some of the apparently strong variations in the structure
within short distances, which have been alluded to above, .

In the valley of Burls Creek, however, a great complexity of strue-
tural relations exists, almost no two onterops agreeing, even in the
aeneral direction of the strike or dip. The onterops nearest the shore
of Bering Lake, on the western slope of the creck’s valley. have a
strike of N. 30° E. and a dip varving from 45° to 60° SE. This
corresponds in general direction and amonnt with the strike and dip
of the ridge forming the eastern slope of the Katalln Valley, and inas-
mieh as this hill is in a general way the most northeasterly ontlier of
this ridge it is possible that it is a part of the same anticlinal fold.
Iu a peak 1 mile to the south an approximate north-sonth strike
was observed, with a dip of 459 to the west.  This would seem to lie
npon the eastern Hank of a syncline whose axis corresponds in a gen-
eral way with the position of the gronp of hills occupying the area
hetween Redwood Creek and Mary Creek, This syneline might be
congidered the northern prolongation of the one shown in the erescent-
shaped ridge bordering the northern shore of Strawberry Harbor.

The peninsula from Point Hey to Cave Point consists of a erescent-
s—lmpwl ridge, its concave face toward the sea, and forming the north-
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ern shore of Strawberry Harbor (PL LIT). The dip is everywhere
toward this concavity, changing from southwest at Point Hey to
southeast at Cave Point, indicating the presence of a pitching syn-
cline, of wihch only the nose is on land.

An onterop at the lower edge of the abrupt slope rising from the
tidal flat about halfway between Durls Creek and Mary Creek has a
strike N. 55° E.and a dip of 52° NW. This would not seem to readily
fit into any of the general strueture hitherto deseribed, and ean only
be explained at present as a loeal variation in the eastern flank of the
above-mentioned syncline,  (See PLTTL)

Chilkat Creek, which oceupies the valley between Dering River and
Burls Creek, has exposed a great many excellent onterops. Tt is avi-
dent that a sharp anticline extends along the general line of this val-
ley from northeast to southwest, the dip of the flanks averaging about
45°. The center of the anticline is very steep and locally erumpled.
The ridge east of this valley. between it and Bering River, is appar-
ently synelinal, with a strike of about N. 40" E. This fold is very
sharp along its axis, for the rocks at the mouth of  Bering River stand
vertical, though farther np the viver the dip is 407 NW.

The strike of the coal formation is, in general, from northeast to
southwest; and the dip is to the northwest,  There are certain varia-
tions, but they appear to be due to loeal disturbances.  The struetnre
of the region as now known is chiefly monoclinal,  The continna-
tion of this feature o the sonthwest would carry the conl into the
hills on the west shore of Dering Lake and on the west bank of
Katalla River. No coal 15 known, however, in these hillg, and the
shales exposed on the west shore of the lake appear to bhe identieal
with those on the south shore. which have been deseribed in the pre-
ceding chapter as the Kutalln formation. Tt is evident, therefore,
that there is a line of fanlting through the north end of the Inke and
parallel to the west shore.  The conl is upparently absent to the west,
of this fault. Tt would appear from the dip that the Kushtaka forma-
tion overlies the Katalla formation: there is, however, no positive
proof that such is the ease. No contact of the two has heen observed,
and there is no reason why other explanations of the existing phe-
nomena may not he found.

The monoclinal dip, whichi lias heen observed as continuing for sev-
eral miles up the valley of Canyon Creck, wonld seem to indieate a
thickness of many thousand feet in the Kushtaka coal measures. Sey-
eral faults, however, were observed in the banks of Canyon Creek,
and it may be that these are nnmerons enongh or of suflicient displace-
ment to cause the thickness of the formation to appear greatly
increased.

This monoclinal dip is apparently modified by only twoe folds
within the region hitherto explored.  There is one fault which prob-
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ably has considerable Tengtly and displacement, and an undetermined
nuniher of smialler ones,

One of these folds is an ineline exposed near the headwaters of
Queen Creek on the divide between the Shepherd Creek and Lake
Knshtalka vallevs.  The rocks here have a strike of N, 64° to 66° E.,
with a dip of 427 NW. on the northwest flank of the fold, and 58°
SE. on the sontheast flank.  The latter is et by a fault of unknown
bt probably of considerable magnitude.  The other 1s a sharp syn-
cline, which apparently lied in the hills east of Lake Charlotte. Its
presence is indieated by the fact that the dip of the Charlotte seam at
the openings above the lake is southeast. Tt is not known how far in
cither direetion this southeast dip continnes,

A northeast strike and a northwest dip. corresponding to many of
those alluded to above, may be seen on Kayak and Wingham islands
and in the hills of the Nitchawak region. TFach of these areas con-
sidered ndependently 18 therefore monoclinal.  The intervening
areas, where the solid rock is concealed by water or lowland, are =o
broad that the general strneture ean not be made out.

The rocks on the shore of the mainland near Fox Tsland, and appar-
ently those of the islands themselves, have a strike of N, 70° W,
parallel to the shore, with a steep seaward dip.  The high ridge north-
enst of this point scemingly consists of rocks standing almost verti-
val, with a north-sonth strike parallel to the ridge. On Lone Daldy
Mountain, abont % wmiles north of Fox Tslands, the strike is N,
S07 T, and the dip 807 NW. The high ridge abont 2 miles north of
this point apparently has a strike parallel to this and a steep dip.
The relation of this dip to that observed at Fox Islands and on the
ridge northeast of them has not been determined.

GENERAL FEATURES.

It cun be seen from the statements given above that the structure of
this region is very complex, at least so far as the minor details are con-
cerned.  ‘The onterops are almost wholly confined to the higher ridges
and to the deep canyons. Many of the latter were almost inaccessible
to the author on account of the amount of gnow and ice at the time of
his visit.  The observations are, therefore, not numerens and are
widely seattered, Tt is probable that o lLarge proportion of these
observations do nol represent the major strocture of the region, but
rathier a minor erumpling which is attendant upon the dominant,
simpler, struetnre. This major struetnre can he made out only hy
platting so Targe a nimber of observations that the entire structure
will be evident, hoth in its broader features and in its less essential
and diverse details. or else by determining some charaeteristie strata
whose general position of outerop can he readily followed, and which
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can be made to thus give the key to the major stroceture. Unfor-
tunately the rocks of the Katalla formation are so homogencous
throughout that no strata have heen so far observed which are char-
acteristic enough to make the dominant structure evident, and the
observations which have been made ave not abundant enough to deter-
mine the complete structural relations as suggested for another
method.

There appears to be a larger folding, modified by a minor folding,
that often reveals itself merely as a erumpling in the softer shales but
which 1s loecally so strongly developed as to obscure the major folding.
There are thus two sets of structural features, one of which reveals
itself in an east-west and the other in a northeast-southwest strike.
The first is well shown in the great antieline which is deseribed below
as extending along the const ut Cape Yaktag: and it again appears in
some of the exposures of this region, especially along the coust near
Katalla.  Of the second series of folds, those extending in a direction
from northeast to southwest, one of the most illustrative is the anti-
cline which apparently extends along the center of the Iatalla Valley.
This is paralleled hy a number of other folds east of it in the penin-
sula between Bering Lake and Controller Bay, one of the most dis-
tinet being the anticline in the little valley nearest Bering River. The
central part of the peninsula appears to consist of a sueccession of
folds, several of which are exposed in the valley of Burls Creek.

The structure of this region appears at first sight to be extremely
complex, the strikes and dips heing of almost indeseribable irregular-
ity.  More eareful studies made during the summer of 1904, have,
however, shown that part of the iregolae onteraps arve of large blocks
which have heen displaced by gravity on the steep hillsides, while
part of them may he assigned 1o wminer crampling in the softer heds.
Others may be due to faulting. but the amount of influence of this
factor is not known,

After the irregularities due to the above-mentioned eause have been
eliminated, the following struetural features distinetly appear. The
prevailing strike is northeast and sonthwest and the prevailing dip i
from 85° to 607, The region hetween Bering Lake and Controller
Bay consists of an undetermined mnnber of parallel, elosely folded
anticlines and synelines, with pitehing axes of which the average
direction is N. 35° K. The most plainly developed of these folds are
the Katalla Valley anticline, the Strawberry Point syneline, and the
Chilkat Creek anticline.

The structure of that part of the coal area which was visited by the
writer is rather simple. The strike is fairly regular in direction
(northeast and southwest), mud the dip is chiefly northwestward. The
uncertain factor is the total amount of influence of the faults.
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ECONOMIC MATERIALS,
PETROLETM,

Petrolewm seepages—TPetrolenm seepages are very abundant in the
Controller Bay region. Those which are hest known are situated
about 4 miles east of Katalla. The flow of oil here is very large, and
good-sized pools have collected on the surface. Another gronp of seep-
ages is on the headwaters of Burls Creek, where the petrolenm may
be seen oozing from the joints and bedding planes of the carbonaceons
shales and voleanic ash beds which are exposed in the deep ravines.
The quantity of petrolenm here showing is not so large as at the ceep-
ages east of Katalla, but it is more widespread. The small stream
between Burls Creek and Bering River has several seepages along its
bank. Seepages oceur, too, in other parts of the peninsula hetween
Bering Lake and Controller Bay and in the region west of Katalla.
The so-ealled “ Nitchawak region.” which is situated on the banks of
the various branches of Nitchawak River and in the vieinity of Mount
Nitchawak, also presents a number of scepages. Some of these are
loeated on the banks of a small lake, which is reported to be at times
covered with petrolenm. The small erecks which enter Little Nitch-
awak River from the north have a number of seepages on their hanks,
in some of which oil issues directly from the rock, which is here a
shale. The canyon north of Lone Baldy Mountain and between it
and Ragged Mountain contains a number of seepages, in which the
oil may be seen oozing from the eracks of the rock.

A strong flow of gas bubbles to the surface of the water at a num-
ber of places along the lower course of Katalla River. Tn places this
flow is so strong that it can be heard for a distance of several hundred
feet. The composition of the gas is not known. Several large sul-
phur springs issue from the northern bank of Bering River within a
mile on either side of the Indian village.

Most of the seepages hetween Katalla and Bering River fall approx-
imately on three straight lines, each having a general northeast-south-
west direction. These lines are nearly parallel to the strike in their
vieinity, and are undoubtedly influenced in position and direction by
the strueture.  They probably represent the ounterops of oil-bearing
strata. The easternmost of them is on the western flank, but very
close fo the erest of the Chilkat Creele anticline.  The westernmost is
on the eastern flank and about halfway down the Katalla anticline.
Those in the valley of Durls Creek are in a less certain structural
position,

The gas springs on the banks of Katalla River are probably located
on or near the crest of the Katalla anticline.
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Petrolewm wells—The first well in the Controller Bay region was
drilled in the swmmer of 1901 Work upon it was stopped owing
to the loss of tools. The same company drilled another well in the
<summer of 1902, which at a depth of about 250 feet yielded some
petrolenm. At a depth of 360 feet the tools appeared to break
throngh into a eavity of the rock and a large flow of oil began,
spouting, it is reported, many feet nbove the top of the derrick. No
estimate of the amount of the flow has been made,  This well was
immediately capped, to be reopened in July, 1903, and drilled
deeper, and it ix now reported to have a total depth of 550 feet.

The following is a record of the well as reported by the Alaska
Steam Conl and Petroleum Syndicate, and published by Mr. F, H.
Oliphant : @

Well vecord near Controller Ray.
Depth, In feet.

0 feat surtare Al cnat . s st e e i a b e e R e, B
10 foot decowposed shinleo_ & e s RS . |
140 feet lght-colored shale. . . - . _______ 156
18 feet fine-gralned  sandstone. . - S A R A e s e TR
One-half foot coal contained in the <andstone . __ 174%
190 feer dark shale, very bard________ Tt SIS (" .
One-half foot quartz containing iron pyrites, and contained in the shale___ 265
1 foot oll sand and flow of ofl.__ - . __ - 4 |

- | ||
Length of 12-ineh easing_ - . . ___ R el T T et . |
Lt of PE-INBR ORBIRE . e o v n S imisiimie st i s o o e i e g 340

Numerons smnll showings of petrolewin and natoral gas were encountered
as the drill procecdsd, and at 266 Geet o large tlow of oil was developed. The
well is said to bave continned 1o How antll eapped.

Another company began work in the spring of 1903 on a well
about 4,000 feet south of the first producing well mentioned above.
In July this well was abandoned at a depth of 1,700 feet, that being
as far as it was possible to drill with the light rig which was used.
No flow of oil was encountered. but a little was bronght up in the
bailer from time to time.

It should be noted, in comparing the results obtained in these two
wells, that the location of the second with reference to the first is in
the direction of the dip. The dip is very steep in the interval of
4,000 feet between the wells, and while the exact nmount is undeter-
mined it is surely enough to carry the oil sand that was tapped
in the first well to a depth considerably exceeding 3,000 feet at the
loeation of the second.

= The productlon of petroleum In 1902 : Minmal Resources U, 8. for 1902, U, 8, Geol
Burvey, 1003, p. 083,
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Another well on the north bank of Katalla River, about 2 wiles
above the town of Katalla, was begun by the same company during
July., 1903, The latest information which the anthor has received 1.
that it was drilled to a depth of 240 feet without reaching solid rock.
A third company began dreilling in July 1903, abont 7 miles above
the wouth of Dering River. AL last reports this well had attained
a depth of 580 feet and bed rock had not heen reached.

Fifteen wells had been drilled or were drilling in this region in
September, 1904 OF these, two  are in the Katalla Valley. one is
3 miles cast of Katalla near Cave Point. two arve on Strawberry
Iarbor. nine are between the head of Katalla Slongh and the mouth
of Bering River, and one is on Bering River about 4 miles above
its mouth,  Of these wells, three (one in the Katalla Valley, one
on Strawberry Harbor, and one on Bering River) were abandoned
before veaching bed rock.  Four of them (one in the Katalla Valley,
one at Strawhberry IMarbor, and two west of the mouth of Bering
River) are still drilling.  Of the remaining eight wells, three were
mentioned i an earlier report.” One of these is now furnishing oil
which is used as foel at the other wells of the same company.  No
statistiex regarding the present production of the well are at hand,
nor is 1t known how much greater the yield might be if the well were
pumped continuously.

The amount of authentic imforation which has been given out for
publication regarding these wells is extremely small.

It is reported that none of the remaining five wells has produced
oil in commiercial quantities. Bot it is furthermore said that none of
them has reached a depth exceeding 1,100 feet, in which case it may
he assumed that the possibilitites of the field have not yet heen con-
clusively tested.

Mr. F. H. Oliphant, in summarizing the developments during 1903,
said of this field :?

“ The developments in Alaska during 1903 have not resulted in any
commercial production of petroleum, notwithstanding the numerous
surface indications and the wells that have been completed in the
supposed  produetive territory.  The prospectors shonld not. how-
ever, be diseowrnged, although it may require patience and eareful
prospecting with the deill to tap the reservoirs. whose existence seems
fo be indieated by remarkable surface shows of both petrolenm and
natural gns”

Great dificulty has been experienced in all parts of the field in
keeping the holes ~straight and free from water. This has made
progress very slow and deep drilling sometimes impossible.  Perhaps

sl 17 8 Gool, Survey No, 295, 1T, pp. 68268,
e preadnetlon of peteodenm (e Pt s Mineral lesonrees . 20 for 1903, 1. 8. Geol.
Burvey, L, p tt,
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sotie of the wells wonld have heen more suecessful if they could have
heen continued to greater deptlis,

Three wells which were Tocated on mnd flats at some distancee from
high land or from exposure of solid rock had difficulty or did not
sieeeed in reaching bed rock,  In two cases the drivepipe was sunk
to depths of 240 and 530 feet throngh mud without reaching solid
rock,  These instances show concliusively the inadvisability, in the
present stage of development. of attempting o Joeate wells on the
fats,  After a feld i proven, then the wnd flats adjoining it longi-
tudinally may be considered to linve a specnlative value, At present
there is no indication that they are worth anvthing. '

Another instanee illustrating the folly of investing in the low
grounds, and also of investing without thorough investigation, is the
case of a tract whicl was stalked and sold for $1.700 during the past
winter, In the spring the supposed land floated and melted entirely
away, the stakes having been driven in the ice off the shore of Con-
troller Bay. It is generully Delieved in the region that there was no
intent to defrand.

Structural velutions of the peteolenn —The conditions believed by
the majority of observers to be necessury 1o the oveurrence of petro-
lenm in commercial quantities are, Hrst, the presence, orviginally, of a
large amount of organic matter i the sediments from which the oil
was derived ; second, the existence of 1 porous rock, in the aggregate
very considerable, in which the oil could accumulate, and, third, the
protection of this rock in snch o manner that the oil can not escape.
The condition geneeally regarvded as atfording the most efficient pro-
tection is the presence of an overlving stratinn of fine compact rock
which the oil ean not penetrate aud the flexure of the strata into a
gentle anticline, ~o that excape of the oil ix ent oftf both in an npward
direction and laterally—in the Iatter case, it may be, by the body of
water behind it.  Other conditions which govern the aceumulation
and distribution of oil are changes in the porosity of the containing
bed, either frow variation i the conrseness of sediment or from the
filling of the interstices with mineral deposits. sneh as carbonate of
lime,  Undergronmd water also doubtless plays a part in the acenmu-
lation and distribution of oil.

Trrom the size and distribution of the seepages it may be reason-
ubly inferred that a vast amount of organie matter which was sub-
sequently converted into petroleum was incorporated with the sedi-
ments now constituting the oil-bearing shales of the Controller Bay
region: the appearance of the rocks i< evidenee that there are nnmer-
ons liorizons in the series sufliciently porous to afford reservoirs for
the accumulation of oil, and the snecessful wells show that the condi-
tioms are favorable for at least one productive field.  Ceonditions
below the surface are, however, frequently very difficult even to
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surmise, and the aid ordinarily derived from well records is not yet
sufficient in this field to show conclusively the relation in depth
between the ocenrrence of the oil and the structure and streatigraphy
of the containing series. The structnre of the field is complex. but
il drillings are made after a careful consideration of all geologic
fletails the existence of valuable oil areas may perhaps soon be proved
and their definition safely suggested.
CAPE YARTAG IMETROLEUM FIELD.

Cape Yaktag js situated about 75 miles east of Controller Bay.
The shore line is here straight, and there is no harbor which affords
shelter for any kind of boat. (See fig. 1.) A strip of land from i to

tionlogien] sevtion
l‘i'l'l Jubinston Ureek

Cape Yaktag E
" Reef

Fri. 1.—8Bketeh map of Cape Yaktayg petroleam field,

10 miies in width lies between the coast and Bering Glacier.  The ice
front is marked by a line of hills which are parallel to the coast
and from which a steep slope descends to the sea. This slope is
drained by many short parallel streams, some of which head in the
we.  The Cape Yaktag oil field extends eastward for about 25 miles
from the mouth of Yaktag River, which is the easternmost of the
longer streams reaching the ocean near Cape Yaktag (fig. 1).
Geology.—The writer was not able to visit this region, so that the
following observations are based upon the statements of others: The
strueture, it is said, is anticlinal, with the axis parallel to and very
near the shore line.  The dip on the southern flank of the fold is very
steep, the rocks standing vertical along the beach. The dip on the
northern side in much gentler, seldom exceeding 20°, This continues
inland as far as the region has been explored.  The rocks consist of
shales with interbedded sandstone and limestone, the whole resem-
bling very closely in lithologic character some of the rocks of the Con-
troller Bay oil fiekl.  They here earry fossils which show them to be
of Miocene age. .\ list of these fossils was published by Mr. J. E.
Spurrs The stracture of the region is very nniform, and no marked
variations from the strike and dip recorded above were noticed.

Tdpure, J. B, A reconnaissanes inosouthwestern Alaska In 1808 Twentleth Anmn.

Rept. U, 8 Geol, Suevey, pr. 7, 1on, po 2664,
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COcenrrence of the petrolewm.—There ave said 1o be good seepages
in several of the creeks in this belt, and the petrolenm is regarded as
similar in character to that of the Controller Bay field. Tt oozes
from the rocks along the crest of the anticline.  No development
work has been done, due to the difficulty of transporting machinery,
which it would be necessary either to land through the surf on the
open coast or to transport overland for a distance of 75 miles from
Controller Bay. The latter will he an impossibility until roads are
constructed.

COAL,

BERING IVERL COML FIELD,

The field.—The Bering River conl field lies from 12 to 25 miles
inland from Controller DBay. The conl area, as far as known, is
restricted to the region north of Bering Lake and Bering River.
Tts southern boundary auppears to coincide approximately with the
position of Bering Lake and with Bering River above the lake. The
western boundary, although not definitely kunown, is assumed to lie
along a north-south line extending through the northwest arm of
Bering Lake parallel to its western shore.  The northern and ecast-
ern boundaries are also uncertain, hut are probably at a considerable
distance beyond the region as now kuown. The coal area as at
present recognized includes about 120 square miles.  (See PL TIL)

The coal is known to extend as far north as the Martin River
Glacier and as far east as the valley east of Carbon Mountain., It is
possible that further exploration will reveal the presence of coal
north of the Martin River Glacier in the foothills of the Chugach
Mountains or in the region to the east of Carbon Monntain,

The lowlands which border the northeast shore of Bering Lake
and extend up Shepherd Creek. Bering River, and other streams are
doubtless underlain by coal.  The covering of mud and other soft
deposits is probably very thick. and the uncertainties of deep mining
below it are so great that these lands are now of very doubtful value.
The same applies to the area covered by the Bering, Martin River,
and Kushtaka glaciers.  The above estimates of the conl area include
only the high land lying above and between the tidal flats and river
flats and the glaciers,

(Feologic occnrvence of the coal.—The conl is restrieted to the rocks
of the Kushtaka formation described above. The following local
sections have heen measured by the writer:

Neetion in loweer tunnel v eost bank of Carbon Crecl.
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coals in this locality are of extraordinary thickness, perhaps having
swollen into pockets near the evest of the field,  (See fig. 2.)

Section of coal v vortloeest ily af Queen Creck,
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Neetion of coal on southeast bank of Queen Creck.
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Fra, 2.—Bection on Queen Creek, shewine <trueture aml coal seams.  Neale, 1 ineh =
T feet.

Several pro=pect opening= and a well-construeted tunnel have been
driven into the banks of Carbon Creck.  The latter intersceted two
scams, the larger of which has a thickness of § feet of clean coal.
This is not the =ame as the Carbon Creek tunnel mentioned above.

The valley of Stillwater Creek and Lake Kushtaka has been shown
to contain a great deal of valuable coal. A teail vecently built north-
ward from the western shore of Lake Kushtaka exposes 15 or 16
zeams. The writer has seen one seam on the west side of Lake Kush-
taka which has a thickness of over 22 feet, and several others with
thicknesses of from 8 to 15 feet. It is reported that a thickness of
over 60 feet of coal was fonnd in a tunnel in one of the valleys on the
north side of Stillwater Creck.

The following section is exposed in the west hank of Trout Creelk,
2 miles above its juncture with Stillwater Creck and 6 miles above
the mouth of the latter:

Bull, 250—05 m——3
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Section on Trout Creek.
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The strike is N, 40° E, the dip 38° W,

Several valuable seams have recently been opened in the valley of
Canyon Creek and on the opposite (east) side of Carbon Mountain,
Tt is said that of fifteen openings in the same scam on Carbon Moun-
tain which showed a range of thickness from 9 to 26 feet, nine ve-
vealed a thickness of 14 feet or more.  About a dozen workable seams
have been veported from this region.  The writer has already pub-
lished the following sections of the conl und coke scen by him in
this vicinity,* which were all that were accessible when he was there
in 1903,

Four seams are exposed on the east bank of Canyon Creck.  Three
miles aubove the month the conl has n thickness of 2 feet 9 nches, is
overlain by sandstone, and has a shale floor.  The strike is N. 80° .,
the dip 357 W, The seetion was measured at the level of the valley
floor.  This seam is variable in thickness, pinching out somewhat
higher iu the bluff,

Four miles above the mouth of Canyvon Creek o coal has a thick-
ness of 4 feet 2 inches: it strikes N. 109 E.and dips 60° W, and has
a shale roof and floor.

At the south end of Carbon Mountain there is a high bluil where
Bering River has been pushed against the end of the monntain by the
Bering Glacier, and here the following seetion was measured :

Section at south end of Carbon Mountain,
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The strike at this point is N. 80 W., the dip from 207 to 25° N,

It is the opinion of the writer that the foregoing sections represent
distinet conls, and that, furthermore; from the smut observed by
hini, many additional ones will be discovered in the development of
the country which are now concealed beneath the soil and the dense
vegetation,

* Bull. U, 8, Geol, Burvey No, 225, 104, p, 372



MARTIN.] COAL TN CONTROLLER BAY REGION, A1

Owing to the general northerly dip thronghout the coal field, the
northern portion of it. a= at present recognized. is underlain by a far
greater number of seams than the southern, But the northward
extent of the field, the nature of its structure, and the manner of its
termination remain nuknown.

The features to be considered by the mining engineer embrace
faults and their attendant problems, steep dips, the proportion of
the seims above water level, aceessibility, and the physical properties
of the coal as affecting ite shipment and market value, a tendency to
crush being especinlly noticeable,

The lands within the region noted above as known to be coal henr-
ing have for the most part. if not entively. been located, and it i<
nnderstood that =ome of the holders ave abont to secure patents. Tt
seems probable that there sre mmloeated coal lands in the unexplored
avea to the enst and northeast,

The work which has been done in the development of this fiekd is
entively pioneer development work.  Land surveys have heen made
of most of the larger holdings.  Several railway voutes have been
surveyed.  Many miles of good teails have heen built, and a large
number of cabing erected. A large nmmber of prospect openings
lave been made and several niore extensive tunnels dug, There i= a
tramroad and a gravity plane from Shepherd Creek to a tunnel
on the hillside to the westward, .\ small amount of coal is heing
mined for loeal wse in stoves and as blacksmith coal at some of the
neighboring oil wells,

More extensive mining will e delayved until shipping facilities are
provided at Coutroller Bay or elsewhere, and a railvoad is built from
the harbor to the mines.

Character of the voal —"The physical properties of the coal are very
much alike in all the sears and o all paets of the field vigited by the
writer. The coal resembles the hiarder bitnmminous conls of the East
more than it does anthracite. 1t is doubtful, too, if much of the coal
could be sized o us to compete with anthreacite conl for domestic use;
and again, under ordinary handling it will probably crush to almost
the same extent as the harder grades of semibituminous coal, which
will not. of course, impair its value for steam purposes, but will
necessitate cavefnl handling if it is (o at all compete with Pennsyl-
ania or Welsh anthracite as o domestic fuel,

The following table inchides all the analyses and calorimetrie
tests which have been made of the Bering River coal.  The first
nine samiples were collected by the nuthor and represent the composi-
tion of the entire seam: that is, coal was cut evenly from the seam,
from roof to floor.
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Anulyses and tests of Reving Ricer ooals,
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@ Bumple collected by 00 Martin,  Apalysis and ealocimetor test by Pennfmun and
Birowne,

b Ramphe eolleete] by G0 0 Martin, Anolysis by E. C. Sallivan,

“Analysis by Willlam 11, Foller, Falrbaven, Wash. 'ublished by John Kirsopp, jun.,
The conl Nelds of Cook Inlet, Alaska, U, 8. A, uod the acltic coast: Trans. Inst,
Min. Eng, vol. 21, 1901, p. G770,

4 Annlysis by W. F. Robertson, Vietorla, B, . Published hy John Kirsopp., jun., as
abhove, -

* Anulysls furnished by K. H. Shepherd. 1ublished by J. 1. Spurr, A reconnaissance
in southwest Alaska: Twentleth Ann. Rept. U, 8. Geol, Survey, pt. 7. p. 263. (No. 13
Is not from Iey Bay ns hitherto reported.)

fSample collected by W, M. Carless. Analysis by W. I, Ilillebrand. Tublished hy
Schrader and Spencer, Geology nnd Mineral Resources of a portion of the Copper River
District, Alaska, p. 01,

Norg—The ealordes of Nos. 6 to 14 are computed from the analysis by the author,

The above coals vary greatly in composition and in heating power,
and it seems likely that this field, as elsewhere, each seam will be
found to have a characteristic composition. The source of Nos. 10-14
is not known, but possibly some of them are from the opening on
Carbon Creek from which No. 1 was obtained. The difference be-
tween the amount of moisture in these samples and that in sample
Nos. 1-5 is probably due to the fact that the latter were placed in
sealed cans as soon as taken wid no opportunity was given for the
conl to dry out. The very high percentage of sulphur in No=. 13 and
14 is probably dne to their having been taken, not from the eutire
thickness of the scam, bt from pieces of conl which were picked for
their hardness and appavent eleanness. The one who took the sam-
ples evidently overlooked the fact that their exceptional hardness
was not due to the coal being nearer anthracite, but to its containing
a large amount of pyrite (sulphide of iron).
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Auerlyses of olher conls for compmrison.
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# Ashbarner, C. A.. Ann. Rept, Gool. Survey Penusylvanda, 18960, p. 413,

b Lozé, Ed., Les Charbons Britannipnes ot lenr Epuisement, vol. 1, a6,

v Ashburner, C. A, Ann. Rept. Goeol survey PennsyIvinba. 1s<h, poodls

# White, I, O, Geol, Survey West Vievinke vol s e 6, i, 5in

¢ These are furnished by D, W. B Clurk, stute geolowist of Maryland, amd will bo published
in a forthcoming report of the Marylnnd Cievdogend Survey on the vond of that state,

S White, 1. C., Geol. Suarvey West Vieginin, vol @ po 60

uPittman, E. F., Mineral Resonrees of New Sonth Wales, 0L pp, S48,

A Poole, H., The Caloriflc Powoer of Fuels, 1888, p, 251

{Dawson, G. M. Mineral Wealth of British Columbin: Goeol, Nat, Hist, Survey Cannda, new
sor., vol. 3, pt. 2, p. 8 R,

J Pittman, E, F., Mincral Resonrees of Now South Walos, 1001, pp. R4-H8.

The seams now exposed in the valley of Shepherd Creek are the
most promising coals seen by the writer.  They not only possess the
greatest thickness and arve largely free from bands of shale and
other impurities, but, as the above table shows, are the purest coals
and have the highest heating power.  Its composition shows it to be
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nearly sewianthracite, of somewhat the composition of (he coal of
the Bernice basin (Loyalsock) in Pennsylvania, althongh it is purer
and has a higher heating power than that coal. It differs from the
suthracite of Pennsylvania and Wales in having more volatile mat-
ter in proportion to the amount of fixed earbon. Tn the vatio of
fixed carbon to volatile watter it is nearver to the Bernice hasin coal
than to any other coal that reaches the general market. Tt ix almost
identical in heating power, as well us in the low amount of hmpuri-
ties, with the TPocaliontas steam coal of West Virginia, but excels
this coul Ly having a higher proportion of fixed carbon. There is
no other conl with which it is likely to come into general competi-
tion with which it is to be compared, for it is far higher in heating
power and in purity than any coal that is mined on the Pacific
coast, whether in the United States, in Canada, or in Australia.

The seams opened 1 mile northwest of Canoce Landing on Shepherd
Creek, and also vear the headwaters of Trout (‘ru-k. are probably
1epresentative of the thinner seams of this region. These coals
differ from the coal of the 20-foot seam in having a less amount of
fixed carbon in proportion to the volatile matter and in having a
Ligher percentage of ash and sulphur. The heating power is con-
sequently less.  They resemble coals of the semibituminous type
that enter the market as high-grade steam coals. They correspornd
in texture, composition. and heating power to the high-grade Poca-
hontas (West Virginia) and Georges Creel (Mavyland) steam coals,
and also to some of the semibitiminous coals of Wales.

The coke exposed i the southern end of Carbon Mountain is an
interesting deposit, which may prove of considerable value. The
analysis shows it to be of great purity and high heating power, It
will be seen from the section given on page 30 that it is broken up
by partings into a nnmber of thin sewns, which vary considerably
in thickness within short distances, It may be that some of these
will be found sufficiently thick and persistent to be of economic im-
portance.  Part of the coke ig dense and hard and shows a well-
marked columnar stroeture. The latter will break into fine frag-
ments ot handling, and will thus be at a dizadvantage from the
market standpoint.  The product should be carefully sereened and
then the lump will make a domestie fuel of high grade.

Methods of shipment—There s now no loe n] market for the eoal
of this field, which therefore necessitates shipping for long dis-
tances. Tt is ont of the qnestion to thing of building railroads to
o market, because of their length, the difficulties and expense of
railway construction, and the ease of water transportation. The
availuble harbors are Controller Bay and Katalla Bay, and each
of these has its disadvantages.  The water of Katalla Bay is appar-
ently very deep to a short distance from the shore, though it
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~aid 1o be obztiueted by an uncharted bar, and it is at present not
known how finn the anchorage wauld be. The bay is, however,
exposed to winds from the =outh. It is said Chat even the Jargest
~hips can rnn in close o the castern shore of ox Tslands, where they
would be sheltered fram all winds except those coming from a little
easl. of south.

Cantroller Buy has (he disadvantage of being shailow over a large
part of its area and of heing lled, at certain seasoms of (he year.
with drift iee brought down Bering and other rivers from the Bering
Glacier. The present teainer landing is ab the village of Kayalk,
on the castern shore mil near the southern end of Wingham Island.
The ships enter through a navrow pas<age betwean Kavak and Wing-
L Island, over a bar only to he erossed at half or full tide. There
is another anchorage off the northern end of Winghum Islund;
thongh accessible ac all times, it is farther from shore and directly
i the traek of the dreift ive.

There ave several pos-ible roites of transportation from the mines
to the harbors. The most direct ronte from Katalla Bay to the
conl fialds would be in a ~teaight line up the western side of Katalla
Valley, over Katalln Pass {only n few scores of feet above tide), along
the west shore and northern cul of Bering Lake, nad np the western
side of the valley of Shepherd Creek.  From the conl openings in the
headwaters of Shepherd Creek the road could be extended, around the
vdge of the flat Iand which forms the peninsula between Shepherd
Creelt and Bering River, intu the valley of Lake Kushiaka; thence
down the vallex of Stillwater Creek, np Trout Creck, and fimnly up
Bering River and Canyon Creek. Such o road, with branches to
reaeh all the existing canl openings. wanld be nbout 44 miles in length,
divided as follows:

Routes of trausportation hetireen apines and horboy. Kaolalla Boy.

Mlles
Trox Islands tn memitle of Xheplrd Creeck oo 20
Mouth of Shepherd Creek to coaf vpenig on Carbon Greek__ .- .. ... 4
Mouth of Shepherd Ceeek Ta month o Stlllwater Ceeel o 8
Mouch of Stlllwater Creek to eonl openings on "Trout Creek. .o . _______ q
AMouth of Stilhvater Creek w conl openings o Canyon Cresde .. ____ I |

This ronte wonld have the wlvantage of a deep {though not very
sectire) lrbor free from glacial driti ice, of distance, of u low grade
rom the harbor to the mines, and of the absence of bridges ovar large
streams wldch are Ttable to sovere floods.

Another route would Lo from a long pier extending into Con-
troller By from Point Iley over Kanak Island. This route would
extend fron Point. Hey northwestward {o RKatalla Rivoer; thence
up the east side of that viver to Bering Lake. where it would join the
route awtlined above. Tt woull be 1 to 2 miles longer than the ficst
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route. A third ronte wonld extend from a long pier on the eastern
side of Controller Bay up the tidal flats cast of Bering River, past
the east end of Bering Lake and across Bering River above its en-
trance into the lake: from here bhranches conld e huilt up the east
side of Shepherd Creek and up the northern bauk of Bering River
on the extension of the first route. The length of thix rond would
be 15 miles from the pier to the junction on the north bank of
Bering River. The distances from this point to the coal openings
on Carbon Creek, mnd to the mouth of Stillwater Creek, are 17
miles.  This route would have the advantage of a more secure harbor
than the first one, and also the advantage of a saving in distance.
It would have the disadvantage of crossing Dering, Nitchawak, and
other rivers, which are liable to severe floods every year, and the
further disadvantage of having its harbor liable to be blocked with
1ce during some of the winter months.

Another possible ronte would extend from the eastern shore of
Coutroller Bay northeastward until it reached the dead moraine of
the Bering Glacier: thenee northward along the moraine to the
shore of Bering River at or near the mouth of Stillwater Creck.
From this point branches could be built up Bering River to Canyon
Creek, np Stillwater Creek to the coal openings on Trout Creek and
Lake Kushtaka, and either from the lake to Carbon Creek or by an
independent route down Bering River and np Shepherd Creek to
Carbon Creek, This route would have the advantage of easy and
cheap grading over the dead gravel moraine and of ecrossing the
vivers nearer their sources by a larger number of small bridges
vather than by a few large ones, Tt would have the disadvantage
of being somewhat longer than the last route, The petroleum could
be shipped from the same harbor as the coal, and as the petrolenm
belt is neaver the coast the problem of transportation prior to water
shipment would not be a serious one. The wells which have been
drilled nup to the present time, and probably those which will be
drilled in the immediate future, are near the coast, so that transporta-
tiou to the piers could be effected by very short pipe lines. The pros-
pective railroad to the coal mines would not at all be needed for the
petroleun.

If a field should be developed on Nitchawak River or to the east-
ward in the Yaktag region a long pipe line would be necessary. and
shipments would luve to be effeeted either from the eastern shore of
Controller Bay or the pipe line could be carried across Bering River.
It is said a company owning claims in this region has made surveys
for a pipe line from Controller Bay to Cape Yaktag, a distauce of
about 75 miles.
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COOK INLET METROLEUM FTELIDMS,
GEOGRAPHY.

'The region nnder discussion oceupies the western chore of Cook
Inlet from the foreland on the north side of the entrance of Chinitna
Bay, sonthwestward for about 40 miles; to the mounths of Enochkin®
and Tliamna bays, and extends inland, with a maximun width of
about 10 miles, to the ervstalline rocks at the eastern front of the
Chigmit Monutains. Tts coust includes the deep indentations of
Chinitna, Enochkin, and Thamma bays, and the lesser ones of Oil and
Dry bays (PL IV).

The vegion ineludes a high mountain range, a range of lower
hills, and an intervening valley region. The rugged Chigmit Moun-
tains have an average elevation of about 3,500 feet, and are parallel
to the general shore of the inlet.  The Tilted [Tills from the mouth
of Enochkin Bay northeastward to Snug Harbor run parallel to
the coast at the distanee of a mile; and have a general elevation of
about 2,200 feet (PL V). An area of depreszion occupies the posi-
tion between these two ranges, and eonsists of many valleys drained
by streams flowing into the bays named above, and of irregular, low,
rounded hills. The divides hetween the drainage systems are low
and permit casy portages. The streams are all small, for the most
part unnamed, and entirely nunnavigable.

The lowlands arve covered with dense vegetation and consist of
about half meadow and half forest. The meadows are deeply
grassed and are dotted with groves of cottonwood and thickets of
alder and willow.  The forests consist of a fair growth of spruce and
hemlock, and though trees wre not large, they are straight and sound.

A wagon road has heen built from the lower landing point of
Enochkin Bay to the head of Oil Bay, and there are cleared trails
from the hiead of O1l Bay to Dry Bay, to the head of the eastern arm
of Enochkin Bay, and to a point on the shore of Enochkin Bay 2
miles above the lower landing. There are also two trails from Dry
Bay to the shores of Chinitua Bay. and a portage trail from the head
of Eno~hkin Bay to the head of Chinitna Bay.  (See PL TV.)

GEOLOGY.

The rocks of this region consist of a zone of massive crystallines,
exposed i the Chigmit Mountains: a sedimentary formation of
Jurassie age in a belt cast of them, and u series of overlying agolom-
erates, shales, and bedded voleanie flows, which are exposed in the

“This bas been variously spelled as Inersking Loueesking (niehen, and Innisken, but
that here glven is sald to be the correct spelling of the Wnssian name.
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Tilted Tills. The formations lie iu helts parallel to the const.  The
relation of the sedimentaries to the erystallines is complex and
obseure, but the remainder of the series is conformable thironghout
(except for an unconformity between the Jurassic and the Tertiary)
and is gently and simply folded.  The general section is as follows:

General sectiovn of (e Coolz Inlet peteoleim fields.

Tertinry : Feet.

Sidstone, shale, amd conglomerate with fossil trees and leaves__ o
Upper Jurassic:

Nikuek formation: Interbedded sediments and voleanic rocks (ny-

kose, andesite, tuff, sandstone, and shale) D, (0

Agzlomerate (best developed on nochlkio Bay) - . ... 3N
Middle JTorassie:

Enochkin formation (shale and sandstone with some conglomerate) o 8, (007
're-Jurnssic:

Costrse erystalline rocks.

PRE-TTRASSIC CRYSTALLINES AND INTRUSIVES.

The erystalline rocks of the Chigmit Mountains extend along the
entire western shore of Enochkin Bay and both shores of the northern
arm of that bay. There is considerable variety in the series, but
granite and rocks similar in texture and general appearance pre-
dominate.

The exposures along the eastern margin of this belt consist of
basalts varying considerably in appearance. The eastern side of the
point between the arms of Enochkin Bay contains good exposures of
a reddish porphyritic rock. A greenish rock is exposed east of this
on the northern shore of the eastern arm of the bay, and a rock of
similar color and appearance is exposed on the north shore of Chi-
nitna Bay. These rocks were shown by mieroscopic stndy to be of
identical mineralogic composition, and were determined to be basalt.

The basalt may be either a member of the pre-Jurassic erystalline
complex which forms the main mass of the Chigmit Mountains and
the baclbone of the Alaska Peninsula, or n post-Jurassic intrusive.
The writer is inclined toward the former view.

MIDDLE JURABSIC ROCKS.

Enoclkin formation—The rocks overlying the erystallines consist
of a thin conglomerate at the base, followed by more than 3,000 feet
of dark sandy shales with ocensional bands of sandstone, conglomer-
ate, and limestone and many fossil beds: they arve well exposed in the
cliffs on the east shore of Enochkin Bay. Rocks of the same litho-
logie character extend along the strike northward from these expo-
stires, passing the heads of Ol and Dry bays to Chinitna Bay.  They
have not been followed by the writer beyond the north shore of
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Chinitna Bavo bt from the great thickness exposed it is evident that
they must estend thenee o considerable distance,  Rocks of similar
lithologie character bave been reported from the vieinity of Snuug
Harbor.s  Fossils are diseributed thronghont the entire thickness of
the formation, and show the age 1o he middle Jurassic,

A generalized section of the Enochkin formation is as follows:

Generalized sectiog U of Eaochlin formation.

N
Thirke-Areab shiale with abuondant Howestone coneretions and with namer- ek
ous fossils (zone Dy 1,283
Coneealed . ____________ e NI I L e 25
Sandy shale with many tossils (gone Cy__ o a0
Comeealed - 20
Bt Wit siiaue bl consasersrer commrmme o s o L 150
CRIBEIIEEIE e e e mee e 10
Coneealed o _ . . ___ i Eene  Somieneres SLEED E EENbomSmsamivver
Shale with several Fossil tebwds opone By I11]
Coneealed . __ e
Stule with one or more Tossil band=s (gone NY - a0
Concealed __._
fhde oo s o e G e e S T e B S e 12
CHIRE caDEINBERIEE o s Ta s e e 20
1, G504

The lowest bed is a basal conglomerate abont 20 feet thick. The
pebbles are large (averaging several inches in diameter) and were
derived from crystalline rocks, principally granite. The shales at
their very contact with the conglomerate are fossiliferous.

The point at the somh =ide of the entrance to the eastern arm of
Enoehkin Bay ¢ shows ~everal outerops of shale, with several heds
abindantly filled with fossils. each bed being from 10 to 25 inches
thick.  About 30 feet of <hale is exposel.  The strata immediately
above and below are coneealed. and there are no good exposures between
this point mud the contact 1 wmile northeast, deseribed above, nor for a
distanee of L mile below 1. At the latter point good exposures again
begin and are continned along the shore for a distance of about 3
miles, the strata exposed i this interval being dark, sandy, fossilifer-
ous shales.  Tossils were eolleeted from these zones, but were mixed in
(ransportation, and it is consequently not possible to give the faunal
lists separately.  The speenmens of the combined fannas have been
srbmitted to Dy, TOW. Stanton, who determined the following speeies
and assigned the faunas to the middle Jurassic.

4 Mhese Teds were iraced as far north as Snug IMarbor durlog the summer of 1004,

e concealed intervals in thls section are very large,  The total thickness probably
exeesdy 3,000 feet.

*On this point are also large masses (not In place) of brown sandy shale; there arve
numerous bowlders of this rock, Tl no expostres in place. The howlders are always
near the Dasal contact of the Enochkin fornetion aud eap not have bheen transported far,
Thee sandstones feom which these probably vome were seen during the sommer of 1904 in
the region o the northward.
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Specimens feonr candy fossiliferons shalee, Enochkin Bag.

2910 —lnst shore of FKuoochkln Bay. Cook Iulet, above lewer cahin. zones A
gnd 1% In lower part of EnochKln formation.
Relviunites sp. Fragments.,
Tl ®pu.
Trigonin doroschinl Fichwald.  Abundant,
Trigonia sp.  Lelongx o Clavellntye group.
Gransilodon? sy, st
I’setndonmnint g% s,
Pecten <p. A single very small, smooth foruw.
Oxipen spe Fapauentary specimens of a sanll Irregulne speceles.

A wwtal thickuess of the foregoing beds of probably 150 feet is
exposed. and then the continuity is broken by n fault having a dis-
plicement of at least 25 feet, beyond which the following section is

exposed : ’
Neetion of parl of Enoclikin formation,

Feel.
Solli Rl e ey e e pee e, e A e ——— 20
Drark-denh 2hale with sesitteved fossils o o L . ___ 43
Hnrd enleareons shale o)l of rossils, prineipnlly peleeypods. . oo ___ 2
Mhek =amde o .. ES e R L T 1
Tmrk sbale TR S e el PO i S - I ]
Dack samdao o __-_ = i TN 1
Drark shale wlth many fossils s S 12

Reddixh limestone o __________ SRR X

Trork stnde with many fossils _ . 14
Dark shade with geatterinl fossits P |/
Rt dark scrodstone with streaks of conglomerte. - oL o omom o L

160k

A conceided intersal of aboul 20 feet in Lhickness suceeeds (hix
cection. Then there is an exposure of about 50 fect of Tossilifvrous
shale, followed by another concenled interval of about 20 feer. A
vichly fossiliferans zoua is exposed here, from which i represcntative
collection wus made.  The following forms have been identitivd hy
Dy, T. W, Stanteu, who considers the fauna to be of middle Jurassice
agre.

Specimenr from viehly fassiliferaug shale. Bnochl:in Buyy.

2006 —Taxt shore Ennclikin Bay, below and near lower cabin, zone C, ahout K09
et wbove base of Foochikin forution
Stephanacerng sp.
Bolemnites sp. a.
Relemnitex sp. he - Abundint.
Relomnites gp. c.
Gramnutodon? xp. a.
Granmmatodon? sp. b
Lhiocerampx exhinine Fichwalde  Abundaat,
Pecten spe Small form, same as in lot 2019,
Pecten sp. Large individoal that may be adolt of lagr noned.

e forms Aeseribedd sy Riehwald sig £ celmdua, Lowinbgrces, and 1 poeeeclax pay all
belobg 1o one specles,
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Good exposnres continne from this point to the mouth of the bay.
This shows not only the upper part of the Enochkin shales hut also
much of the overlying <trata.  The npper part of the Enochkin
formation as here exposed is as follows:

Section uf upper pavt of Ewochlin furaation.

Dark-drab shale, with numerous s of limestone coneretions flled with e
well-preserved specimens of Cadoceras, Delewmnites, ote, and with oeea-
sionnl sticks of fossilized wool o oo oo oo I (]

Conecealed by talus at * Moshroom Rocks ™ (eomputed ) - e 4 T

Dinrk shales, ag above, with sane coneretionsg, wood, and fossils. 100

Dark slinles, as sthove, with Cadoeer oo oe oo ... i

Limestone . _____ i g e S i gy e 1

Diark shales, ax above, with fosseils o oo oo o 058

Shales, a8 above.. . ___ .. L A R S S NP PIE I SERC SR - | 1

Conecaled by talus Ceomputed ) . A Hon

Shales, as above, with Crldociras. . cc e e ceeccecmecmimcame e cmme = 200

1.283

Fossils were colleeted from the entire thickness of these heds,  Dr.
T. W. Stanton has identified the following forms, which show rela-
tionship with the Callovian fauna occurring in Europe near the top
of the middle Jurassic.

Fossils from wpper part of Enochlin formation, Envchkin Bay.

2021, —East shore of Enochkin Bay for a mile below lower eabin, gone D, upper-

most 1,200 feet of * Enochkin shales:™

Cadoceras doroschind (Eichwald).  Abundant.

Cadoceras wosnessenskil (Grewingk ).

Cadoceras sehmbilni Pompeck .

Cadoceras cato=toma Pompeck) s

Cadoceras sp.

Macroceplinlites* s

Phylloceras subobtusiforme ompeckj?

Stephanoceras spe Form figured by Elchwald as Amm. astierianus
d'Orh,  aff.

Belemnites sp. o, One specimen.

Goniomya sp. One swall specimen.

Lima sp.

Pecten sp. Small, smooth forn.

Dleuromya? sp. One spevimen,

Serpulat sp. Small discoidal form abandant in one rock fragment.

Several undetermined bivalves represented by imperfect waterial
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Compiled detailed seetion of the Euochlin furmalion.
Zoue 10 Feel,
Dark-deale shale, with numerous hands of Yinestone coneretions 11l
with well-preserved specimens of varions cephalopods and helem-

nites and with veensional sticks of fossilized wood B
Coneealed by talus (all slale as above), thickness computed. ..~ 77
Sluthe= nx above, with samwe coneretions and woodd . 16
Limestome ____ N~ S 1
Shales as above ) SR e RSES AR B4
Shialex (partly mun-nlwl !u) hllu-u. tlul: kllve-:h mmpulul .......... - 300
Shales s gbove B T e EEE— | (]
Conecealed oo R i e e R e T e s TR

Zone t
Butuly sluiles swith jmany fossfls_______ . . _ . _ .. oo
[STIITUTH [T E— R - | |
T Y T S R Rl Bt b S e i R e T e et et A
Trivk-deab shale with se m!mod Ilmrllla T . .
Thd enlearoons shoale full of fosslls, prineipally ;wja\mdn _________ 2
| 1 T RO ETTTT D— L 1
Ivirk shulo. . ! e . b
PR M orimaesmsivencsens swerin s e SR ik 1
rrk shade with many l‘unnlls S e e ] i w18
Ieilishe Thnestone. o R |- M -S1-~ -3, )
Ik shade with wany fossils. . TSRS B SR e 14
Drack shisde with seattered l’nnrlilu _________ S |
Invirk soft samdstone with streaks of conglome I‘iltl‘ _________________ 10
Coweondid .o eeeeeaea T e

Zone 14
Shade with several fossll bands___ - . e~
LB

Zone \:
Shile with one or more hands packed with fossils, each fossil bed 10

o 25 ineches thilek . oo a s DT oo meim s s S0
Coneenlesd  ___ s i . e i S i S i
Shale R AU -
ot s ﬂumhmwmln e e e T e e v e 20
Uneonformity - ... S e S i m
Greenish lssalt. G ¢- = Y- s Pk aame

The following section was measured at Oil Bay. It is the opinion
of the writer that the lower 1,204 feet represent the upper part
(zone D) of the Enochkin furmatlon°
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Meefivn wp ot sloee af O By,
Naknele forngition:

Arvkose, smdesite, sandstorne cotlmnerate, sl slerhe < N5
Sandy shole with Aveelln neare ase__ [
Shale with fossils. e eTran e SR e 2380
Coarse sadstone_ - . 3
Whnle with fossile __ . . o ______ = A 165
Coneealed o e )
Sundstone aid sandy sh l|l.‘ \\I“l |1L| 11 impressions__ 310
3,408
Nukunek Eormation?:

Agglomerate with o abundanes of smsdl pebbles one-twelfth to

one fwenty-ilh inel in teoethn el with munevous poorly  pre-
seryviedl pland fugpiressions e e '}
Saudy shale and sddtone o - - . .. 8§
Agrlomerate with pelliles as .|ln=\v__. o 3
. (T [ D e I e S B e T 1
Fine agelomerate of sanwe pehhiles gs 'Ilnu\l' . e e T

1Mine agelomwerate of smne pebhles e above, bt 1]I[l‘llrl'il(|l't] with
Sl e e e s e e e e 14
Olive shale o with an |l||u.uL|nu ol siadl pebbles as above. . 30
147

Fuochkin formation:
Tnirk slade with eoneredlons- .- - (i
Tlavd dark sandstone__ i =4

Drark-deab shale with nonerous coner Nllm»« D3

Caleareous shale with Cadoceras selunidtl TPompeck), Cadoceras,
sp. ¢f. stenolobolde Pompeck o gl Phylloeeras 1

Dok shetle_ oo o . Gt
Holt gcrecn simdstone_ = R P SR 3
Darvk-dvab shole___._ . 12

[, 204

Thé elifi< an the norty =hore of Chinitna Bay expose a thickness of
many lmdred feet of the npper part of the Enochlkin shales,  Exact
measurements were not made here. so it is impossible to tell what pro-
portion of the formation remains below water level.  The eliffs south
of the bay. on the landward escarpment of the coast range, also show
a thickness of many Innudred feet of the same rocks.  Neither section
has been studied m detail,

Fossils are distributed throughout the entive thickness of the
Enochkin formation, and show the age to be Jurassie. Tt consists of

“at least two well-marked paleontologie subdivisions,  The Tower 800
or 1,000 feet contain several faunnles, inwhich the peleeypods pre-
dominate (zones A, B.and ), and which Dr. T.W, Stanton considers
middle Jurassic. The upper 1.300 feet (zone D) are clla.raatm‘ized

“ Indeterminate fragments of o cprnsiacean, evidently not related to the one from
Dering Lake (see p. 14}, were collected 5 feet above the base of this.
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by the abundance of lavge cephalopods, especially several species of
('adoceras, which, with the Belemnites, predominate over all other
forms.  Dr. Stanton places this fauna near the top of the middle
Jurassic, it possibly being the equivalent of the Callovian. Tt is to
be comparved with the Jurassic rocks from Cold Bay deseribed by D,
W. IL. Dall and also in this report, and with those described by Doc-
tor Dall from Tuxedni Harbor (Snug Harbor), Kamishak DBay, and
other localities on the Alaska Peninsula.

TI'PER JURANSIC ROCKS,

The Enochkin shales are overlain by a series of voleanie flows of
andesite and basalt, and by coarse aggelomerate, with mueh inter-
hedded tuff, arkose, and shale.  While the agelomerate seems to be
confined to the shore of Enochkin Bay, the series as a whole forms the
high coastal ridge which extends from Enochlin Bay to and bevond
Chinitna Bay, the total thickness being probably more than 5,000 feet.

Agolowerate—The Enochkin shales as exposed in the type section
ave overlain with appavent couformity hy o bed of agelomerate hay-
ing a computed thickness of 290 feet.  The pehbles vary in size from
less than au ineh to 6 or 8 inehes o diameters ave well rounded,
and composed principally of granite. thongh oceasional pebbles of
some other crystalline or of schistose rocks are seen. The cement 12
evidently a voleanie ash of andesitic character.

The thick heds of coarse agglomerate have been seen by the writer
only in the seetion deseribed above, and it is probable that they are
a loenl facies of the series of igneons flows which outerop at the
monuth of Chinitna Bay and along the shore of Coolk Inlet, both north
and south of that point. If such be the case, then the very fine tuffu-
ceons aggelomerate deseribed in the Oil Bay section (see p. 43) is
probably the equivalent of the coarser agglomerate exposed a few
miles sonthwestward on Enoehkin Bay.

Nakwele formation—In the seetion on the east shore of Enochkin
Bay the hed of agglomerate is overlain by a series of very homoge-
neons, dark. sandy shales; with a computed thickness of 583 feet. No
fossils were seen in these shales at their exposure on the shore of
Enochkin Day.

The shales ave overlain by an alternating series of andesite lows
and beds of agelomerate. the thickness exposed on the shore of Enoeh-
kin Bay heing computed at 270 feet. Beyond the mouth of Fooelikin
Bay. in the eliffs on the <hore of Cook Tnlet, higher heds are exposed.
The entire thickness is not known,

The Enochkin shale exposed on the shoves of Chinitna Bay and in
the Dry Bay aud portions of the Oil Bay regions s overlain con-
formably by a series of arkose and other sediments interbedded with
andesitic lows (fig. 3). These with their relation to the underlying
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shales are well exposed on the sonthern shore and near the mouth
of Chinitna Bay. TFrom this point, along Cook Inlet to Oil Bay, a
continuous section of the sevies of flows is to be seen, the total thick-
ness of which has not been measuved, but is probably about 3.500
feet. The igneous wtk is oceasionally interbedded with shales, which
in the cliffs between Oil Bay and Dry Bay contained Belemnites.
They are thus shown to be of Mesozoie age. Probably the igneous
rocks with their interbedded shales are to be referred to the upper
Jurassic.e  This series is certainly allied in age and is the equivalent
of the Naknek formation which Spurr ” deseribed from the shores of
Naknek Lake. It would appear from Spurr's description of this for-
mation, as well as from the writer’s observations, that it contains
more arkosic material and less fine, well-nsgorted sediments than the
shales of the Enochkin formation. Enough fossils have been col-
lected from the Naknek formation to determine from paleontologic

Fio. 3.—Enochkin formation. eapped iy Noknek formation, 0il Bay.

evidence the exact faunal equivaleney. It seems best, therefore, in
view of the lithologic similarity and the velations of the faunas, to
vse the same for the rocks expo=ed on the western shore of Cook Inlet.

POST-J URASSIC ROCIKH,

North of the mouth of Chinitna Bay is a belt of lowland which
extends eastward for several miles.  The shore consists of alternate
bluffs and beaches, the latter thrown across the ends of swamps and
one or two forming lagoons behind them. A number of the bluffs are

eAbundant fossils, Ineluding Aveella and other characteristic upper Turnssic forms,
were eollected from these beds during the summer of 1904,  Doctor Stanton considers
the evidenee of theso fossils sofficient both for the refevence of these heds to the upper
Jirasste and for correlation with the Nakoek formation of the Alaski Peninsula reglon,

b Epurr, J. F, A reconnnissance of southwestern Aluskn : Twentleth Ann, Rept. 10, S.
Goeal, Surver, pt. 7, 1000, pp. 169-171.

Bull., 250—05 m——4
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rock cliffs (igneous rock, bedded, as on south shore of the bay), while
the others are composed of angular fragments of the same rock. The
more easterly ones are all of the latter kind.

The most easterly of the rock elifts shows the following section:

Section on north shore of Chinitne Bay.

Teedt,

Conglomerate with interbedded shale and sandstone, the last two carrying
fossil sticks and feagmentary leaf impressions 15
Dark-gray shale, with upright tree romks_____________________. _______ 20

The strata here are almost or quite horizontal. The trees are
between 1 and 2 feet in dinmeter, ave stlicified, and show the structure
of the wood very distinetly, while numerons small sticks lie in the
bedding of the shale. The leaves are Tertiary species,

STRUCTURE.

The strueture of this region consists of a broad. low, somewhat
undulating anticline parallel to the shore of Cook Inlet and to the
general line of the eastern front of the Chigmit Mountains, followed
on the west by a narrow syneline, beyond which is a second very
closely folded and probably faulted anticline.  The dip in the broad
easternmost anticline is moderate in amount aud very regular, except
on the erest of the fold. where it is undulating. but not in excess of
10°. On the eastern limb the dip varvies from 207 to 287, diminishing
as the shore i< approached, and on some of the long points and islands
becoming almost or quite horizontal. The steepest dip in the south-
western part of the field was observed on the shore of Enochkin Bay,
where the rocks are inelined southeastward at an angle of 28°, The
greatest dip at the northern end of the field is between half a mile and
a mile southeast of the entrance to Chinitna Bay, where it varies from
95° to 45° SE. On the western flank of this anticline the dip is
about 17¢.

The nature of the undulations at the erest can be seen in the cliffs
on the eastern side of Enochkin Bay. The dip is southeastward for
the first 4 miles above the mouth of the bay, measured along the shore,
and averages about 20°.  There is then a low anticline at the mouth
of a small creek, 4 miles above the entrance to the bay and half a mile
below the lower cabin, which is sitnated at the end of the wagon road
to 01l Bay. A small syneline is erossed at the lower cabin or just
below it. The dip is southeastward for about 2,000 feet along the
shore above the cabin, where the rocks bend over the top of another
low anticline and dip to the northwest.  Just below this point a fault,
with a displacement of at least 25 feet, extends into the cliff at right
angles to the shore.  The fault plane is perpendicular to the bedding,
which dips 10° SE. A erevice 6 feet wide is opened along the fault



sanriN. | COOK INLET REGION, 47

plane.  For about 3 miles north from this fanlt the strata undnlate
somewhat, but have a gencral dip to the northwest. which finally
hecomes very pronounced and i= constant at an angle of from 157 to
17° for a distance of over a mile, thus forming the general western
flank of the greater anticline.

The syncline which adjoins this anticline on the west is a much nar-
rower and simpler fold. It is characterized by a stecper dip on the
western than on the eastern flauk. It appears to die out toward the
northeast and was not recognized on Chinitna Bay. West of this
syneline is an anticline in which the rocks are badly erompled and
fanlted. The crystalline vocks are exposed on its western side and
at places within it.  The contact of the westernmost outerops of the
shales with the erystalline rocks appears to be along the line of a

~great fault.

The amount of pitch of the axes of these folds is not known.

The contact of the Enochkin formation with the underlying erys-
tallines has been seen only on the east side of Enochkin Bay. The
locality on the south shore of the northeast fork of the bay would seem
to show that the formation rests unconformably upon the green
porphyritie rock, though, on the other hand, the locality across the
bay, on its northern shore, suggests that the green rock may be
younger and intruded.  Another hypothesis may also be considered,
uamely, that the Enochkin formation is wneonformable upon the
green rock and that the western line of outerop of the former is along
a zone of faulting which has thrown a block of the green rock into
the dike-like position seen o the north shore.  The crushed zone
west of this locality favors this hypothesis, as does also the fact that
on Chinitna Bay, some distance northeast of this poeint, the contact
of the Enochkin formation with the green rock has transgressed east-
ward across the series of folds in the former, so that there is only
one anticline instead of two. as on Enochkin Bay. This hypoth
esis is favored also by the oceurrence of abundant fragments of
brown, sandy. <hale or <haly ~andstone along the western border of
the belt occupied by the Enochkin formation.

OCCURRENCE OF PETROLEUM.

Surface iwdications —The <urfaee nuahieations of  petrolenm  in
this region consist of seepuges or oil springs amd the so-called * gas
springs.”  In the fest. the petroleum may be seen oozing from the
eracks i the rock or coming ont of the soil.  On the cast shore of
Enochkin Bay a good seepuge was seen about 1,000 feet below the
lower cabin, although the spring is covered at high tide. The flow is
often so strong that the petrolenm colleets in large blotehes on the
pool, or even covers its entire surface. At one point it issues from a
crevice in the shale of the Knochkin formation.
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In the vicinity of the cabin at Oil Bay are a number of large
springs.  IFrom the bottom of one the petroleum is almost continually
rising, the flow varying, however, from time to time, now almost
ceasing, now becoming very strong. Tt is frequently possible to skim
several quarts of petroleum from the surface of the pool.

About 2 miles west of the beach at Dry Bay is a so-called © gas
spring,” gas of unknown composition rising in a continuous stream
of bubbles to the surface of the water. IFrom the north shore of
Chinitna Bay both oil and gas springs have been reported, hut they
were not seen by the writer.

The geologic structure of this region has already been outlined. Tt
consists of a long anticline bending from an east-west direction
at the southern end to a northeast-southwest direction at the north-
ern end, and so keeping pavallel to the coast. The dip on each
flank is regular and comparatively moderate, seldom excending 20°,
Although in the actual region of the fold the strata are faintly undu-
lating, the crown of the are is almost flat.  Other things being cqual,
the fold is such, indeed, as should yield a good flow over a considera-
ble arca, granting the existence below of a porous reservoir capped
by impervious beds and filled with oil.  The center of the zone, which
at the present seems to be the most promising, lies on a line extending
from a point about a mile above the lower cabin on the <hore of
Enochkin Bay to a point a half mile northwest of the beach at Oil
Bay, thence through a third point 2 miles above the beach at Dry Bay
to the center of the high clifl on the north shore of Chinitna Bay.
The oil sand would probably be found nearer the surface along this
line than cither to the southeast or the northwest.

As in all cases, however, drilling is necessary to obtain a knowl-
edge of the undergronnd conditions, as well as to estimate the eco-
nomie and commercial value of the field. Thus far this has been
insuflicient.  As regards the entire Enochkin Bay region, it is alinost
certain that the oil will be confined to the easternmost anticline,

Development—Indications of petroleam were discovered in this
region about fifty years ago. The first was taken out in 1882 by u
Russian named Paveloff. A Mr., Edelman staked gronnd in 1892,
His location was near the divide at the head of the erecks entering
Oil and Dry bays, but the claims were subsequently abandoned.  In
1806 Pomeroy and Griffen also staked property at Oil Bay. and
during the next year organized the Alaska Petrolenm Company.
Work was begun in 1898, The Alaska Oil Company was organized
in 1901, and in 1902 began drilling at Dry Bay.

The first well at Oil Bay was begun in 1898 and has heen drilled
to a depth of somewhat over 1,000 feef.  No log of thix well or any
very athentie information ean be obtained. as the property has
changed management several times, It is reported that gas was en-
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conntered all the way below 190 feet, and that considerable oil was
foned at a depth of 700 feet, The Now of oil is veported as Laving
Deen estimated at 50 barvels. On drilling deeper a strong water pres-
sire was enconntered, which shut off the tlow of oil. The well is now
over 1,000 feet in depth and affords a continuous flow of gas, which
at times becomes very strong.  Attempts have been made to shat off
the flow of water and either recover the lost oil or drill deeper, but
without snecess.

A second well, located about a quarter of a mile west of the older
one at Oil Bay, was drilled during the summer of 1904,

Recard of well at Ol Bay, ax vepoarted by Wr. August Bowser.

Feet,

|andstone ... A A e e e & L e e D
Shale _ . - e 120
Ol iamd sdime g - oo an L o e e S e e R e A 1
B RV o e D
POl oo o eanca . e e A N S 400

The well was abandoned at a th'plh of 450 feet because the shale
caved so badly.

A third well located about 250 feet south of the last was also drilled
during the summer of 1904,

The general sequence of strata was the same as in the last well, the
shale continuing to the bottom of the hiole.  The well was eased to a
depth of 630 feet. Ol and gas were encountered at a depth of 770
feet, there being three small oil sands, each 6 to 8 inches thick and 4
or 5 feet apart. The well was estimated ut 10 barvels,  The eaving
rock was enconntered at s30 feet. Work was stopped at a depth of
900 feet at the end of the <enson.  Considerable gas was enconntered
at various depths, at times the pressure heing strong enough to blow
the water up in the derrick to a height of 20 feet.

\ well at Dry Bay was drilled to a depth of 320 feet in the surmmer
of 1902 without encountering vil.  The tools were then lost and the
hole was abandoned. In August, 1903, a new well was started in close
proximity to the first. but not much was accomplished, and work was
diseontinued a few months later because of an aceident to the machin-
ery. Nothing has been done during the past senson.

The shipment of petrolenm from this field would probably be from
Enochkin and Chinitma bays, which are harbors affording safe
anchorage 1o lurge vessels in all weather, as well as good wharf sites,
Ships can, however, anchor in the mouth of Oil Bay and off Dry Bay
except during very bad weather.  If the docks should be built either
at Enochkin or Chinitna, it would be necessary to build pipe lines
and pumping stations to transfer the product from the field to the
shipping point. This would not, however, be a serious matter, as
divides are low and coustruction amd operation would be easy.
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COLD BAY PETROLEUM FIELD.
GEOGRAPHY.

Cold Bay is sitnated on the south shore of the Alaska Peninsula
at the sonthwest end of Shelikof Strait and opposite the west ewd of
Kodiak Island.  (See map. PL L) It may be reached by steamer
from Seattle either direct or by transfer at Valdes or Kodiak, or
from Dutelh Harbor.  From Seattle the time is about fifteen days:
from Valdes, four. It may also be reached from DBristol Bay by a
canoe sl portage ronte across the peninsula.

The sonthern shore of the Alaska Peninsula is very sinuons, with
deep indentations and Tong rgged forelands,  Cold Bay, one of the
hest of the harbors, is ronghly triangnlar in shape, about 10 miles long
Ly T miles wide at the month, and contains a very large arvea of deep
water,  (See map, Pl VL) The surrounding country consists of an
clevated upland with gently rounded or flat-topped hills rising above
it, and its general level is about 750 feet above tide.  The higher peaks
rise to an elevation of about 1,500 feet, but farther back from the
coust, in the central part of the peminsula, are mountains 5,000 feet or
mwore in height, Among these is the voleano Peulik (about 5,000
feet ). situated on the western shore of the sonthern arm of Becharof
Lake, abont 35 miles west of Cold Bay. This is one of the chain of
voleanoes which extends the entire length of the Alaska Peninsula
and the Aleutian Islands,

The streams emptying into Cold Bay and into the other bays in the
vicinity are short and swift, enrrying no very large amount of water.
It is a striking fact that in this part of the peninsula the divide be-
tween the Pacifie drainage and the Bering Sea drainage is situated in
close proximity to the southern shore, For example, near Cold Bay,
where the peninsula has a total width of about 90 miles, the divide is
nowhere more than 10 miles from the southern shore, and 1s, in some
cases, within a mile or two of the heads of the bays. These zhort,
swift =tremis are characteristic of the entire southern slope of the
peninsula.

The northern slope of the peninsula, on the other hand, is drained
by a comparatively small number of fairly large rivers, which empty
cither into shallow bays or directly into the sea,  All of these rivers
have lakes at their headwaters or along their courses, Lake Becharof,
the head of which is situated about 15 miles from the landing at Cold
Day, is one of the lurgest. The presence of such lakes and rivers
throughout almost the entire area of the peninsula makes navigation
in eanoes or other small boats very easy, and almost all travel is
accomplished in this way.

Tiuber is entively lheking in this region. the only trees being a few
small cottonwoods, willows, and serub alders along the bunks of the
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~treams. The flat lowlands along the shores of Cold Bay are covered
with deep grass, but the hillsides and npland rvegion have no vegeta-
tiom except scattered tnfts of grass and mos< (PL VII). This vege-
tation is characteristic of the greater part of the Alaska Peninsula.

There are no natives in the innedinte vieinity of Cold Bay. The
two oil companies which are operating in the region have brought
their native employees from settlements at varions points along the
shores of Shelikof Strait.

GEOLOGY.

The region in the vieinity of Cold Bay has heen visited by many
geologists from time to time and a good deal of seattered information
is published.

On one end of the promontory at the eastern entrance to Cold Bay
Pinart obtained a number of specimens of Wonotis salinaria, which
was subsequently identified and figured by Fischer, and which is
a characteristic Triassic form.

The promontory at the sonthwestern entrance to Cold Bay, which
has been called by many names, but is now known as Cape Aklek,
was visited by Doroseliin, who collected Belemnpites. Plant impres-
sions which resemble and have heen considered Calamites, but which
Liave heen shown to he veeds of 2 more modern type, oceurved in sand-
stones just above,

The region was visited in 1503 by Dr. W, H. Dall, who says of it :

Though no strata evidently of Kenad age were fowod In this bay, vet there
were i severil pliees Possil wornd sid vegerable remains,  Near the northeast
part of the Larbor, east of a <tream which comes I here, the roeks consist chiety
of caleareous ssndstones. o sinly mestones, contaloing namerons  couere-
tionary nodules sud some pebbles, To this pearly horizootal limestone, whieh is
very massive ol weathers Into tost bizavee shapes near the shore, we found a
smadl se:in of cavbomerons sletle with oceasional thin i of elear coal,
This shale i< only a few inches thick,  In shaly streaks of the limestone were
vegetable hnpressions vescibling those noted at Cape Douglas, On the other
side of the strea. above the anehorage, these steatn were arehed and dipped
207 NW.  on the opposite sbile o the mndn bay, well ap oon the 4L e, was
fonnd o ealearvons shale with fngeessions of pine neslles, above which was
i heavy bed of conglomwerate voversd by o hard, perhaps andesitie, rock of
igneons origin, Frow feaguenrs fallop feony above it seemed that this rock is
more coarse grained soud feinhle Righer up. It is aneonformable with the other
rocks.  In the fTmestones near the south point of entrance impressions of reed-
like plants and oeh fossth wood were observidl. No coal sesins were observed
in this vieinity

Well up on the northeastern gide of the bay is a valley which a stream drains,
off the mouth of which is anchorage.  Westward of the stremm s o rather high
(2,000-2,500 feet) ridge, recalling the Mesozole mounntains about Tuxedni
LIarbor, eroded in benches amd having o singularly artificial aspect.  Prom
the first bench on this ridge Mr. Purington obtained o few Mesozole fossils,

* Dall, W, 1L, Report on coal and lizultes of Alaskas @ Seyenteenth Anne Rept. U, 8,
Gool, Burvey, pt. 1, p, NOL
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the most noticeable of which was a Rhyncehonelln, and a few others were
obtained ot high-water ark where the snne ridge came down to the beach,
The mwnteix was coarse gl frinble and the specimens were few, but il seemed
cortain that the two lots belonged to the snme fanna, which most range throngh
at least 1,000 feet of strafa,  The rock is chiefly a ealenrcous shale, barren of
fossils, which disintegrates Into small angular fragments, forming enormous
amd extremely regular talus slopes, Where o semn of sand and gravel or
conrse sandstones I8 interleaved with the shales, there the fossils are found.
hut these seams are rreo

The rocks seen by the writer in the vicinity of Cold Bay consist
of dark-brown arkosie sandstone alternating with conglomerates. and
a few thin limestones and dark shales which break on the weathered
surface with a conchoidal fracture.

[Fossils were collected at several localities. The low sandstone
cliffs extending for about 1 mile above the store at the lower
lnnding carry abundant specimens of Belemuites, Dr. T W. Stanton
has examined the speeimens and is of the opinion that three species,
indicating a horizon in the middle Jurassic, are present. Ile com-
pares them with the faunas of the middle and npper zones of the
Enochkin formation of the Cook Inlet region. Fragments of a small
belemmnite were collected at the base of the eliffs 2 miles northwest
of Cape Aklek.  Doctor Stanton considers that the horizon of this is
Jurassie, but the fossils are too scanty and fragmentary for precise
reference of the strata, The rocks at this point consist of arkosic
sundstones well exposed in high cliffs,.  An ammonite was seen in
the fuce of the cliff near the top, showing that the entire series is
Mesozoie.  FFour miles southwest of this point, where Oil Creek flows
into Dry Bay. specimens of  Cadoceras schmidti Pompeckj were
abtained,  Doctor Stanton believes these fossils belong at the same
horizon as those already referred to from the shores of Cold Bay.

General section in the Cold Bay-Becharof Lalke region.

|
Nm"ti:fn‘ i Age. | Lithologic character. Thickness,

Post-Tnrassic. _.._., Voleanic rock, prob-
ably andesite or
basalt. |

Naknek forma- | Upper Jurassic ... | Arkose, conglomer- | 3,000 to 5,000 feet.
tion. ate, sandstone, and
| shale.

Enochkin for- Middle Jurassic _| Shale, sandstone, and = 2,000 feet.
mation. © alittle limestone.

Triussic........... Shale limestone,and |
chert.

Pre-Jurassic. ...... Granite, syenite,
et

@ Op. cit, p. 870,
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The coarse crystalline roeks (granite, syenite, and rocks of similar
texture) occur inoa helt parallel to the length of the Alaska Pen-
insnla.  They cross the lower end of Decharof and Naknek lakes
and possibly underlie the Cold Bay region.

The Triassic rocks occur on Cape Kekurnoi at the eastern entrance
to Cold Bay, and on some of the capes and islands to the northeast-
ward. They doubtless underlie the Jurassic throughout the Cold
Bay region.

The Enochkin formation oceupies both shares of Cold Bay, except
at the northeastern promontory (Cape Kekurnoi) and at the head of
the bay. It also extends in a belt along the shore of Shelikof Strait
from Cold Bay to Dry Bay and probably as far beyond as Portage
Bay.

The Naknek formation forms the shore of the head of Cold Bay
and occupies the entive interior region as far west as Becharof Lake
and as far north as Katmai.

The following section was measured on the east side of Rex Creek
about 1 mile above the head of Dry Bay:

Section on Rex Creek, Cold Bay region.

Naknek formation : Feot,
Arkose, sandstone, and shale ____________________ __ _____________ GO0+
Enochkin formation ;
Shale anid gindstonee. oo oo oo memer e g e 500
Sandstone __________ - . e 90
Argillaceous shale . __. e et a s S Bt - 40
Suanddstoue, <hale, aod comglomerate . __ I} ]

The post-Jurassie voleanie rocks ocenr in a disecontinunous belt
near the center of the peninsula. This belt neludes several vol-
eanoes which have been active i comparatively recent time. The
lavas are pl'ul)ulllj‘ all either andesite or hasalt.

It may thus be seen both from the previous observations quoted
above and from the work of the writer that the rocks exposed in
the immediate vieinity of Cold Bay are entirely Mesozoic. They
carry Jurassie fossils evervwhere except at the promontory on the
east side of the bay, where Triassic fossils have been found.

Mount Peulik, the high peak on the southern shore of Becharof
Lake, 12 a voleano that has probably been active in comparatively
recent times. It is one of the many voleanic mountains which extend
along the centrul axis of the Alaska Peninsula, and has apparently
broken through the Jurassic sediments. Other similar mountains
extend in a northeasterly divection from the north shorve of Becharof
Lake to and beyoud the head of Naknek Lake.

Glacial deposits are probably entirely lacking in this region, exeept
as they are reported in the moraines of small living glaciers on the
higher mountains,
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STRUCTURE.

The rocks in the viemity of Cold Bay ave very gently folded. The
dips are low over wide areas and the zones of steep dip are narrow
and infrequent.

It has heen stated that there is a great anticline seaward, parallel
to the southern coast, that has its axis near the ends of the forelands.
This view ix sustained by the fact that on at least one of these promon-
tories rocks older than the Jurassic are exposed, but the writer has not
seen any evidence which would show how far seaward the <outheast
dip may extend.  This fold extends from Katmai to the eape at the
cast entranee to Cold DBay.  No Jand extends far enough seaward
below Cold Bay to reach the axis of this fold. The strike and the
direetion of the axis average about N, 45 K. The northwest dip sel-
dom exceeds 6% on the forelands, Tt is considerably steeper on the
east shore of Cold Bay.

There is a syneline parallel to this and northwest of it which ex-
tends from near the mouth of Dry Bay along the west shore of Cold
Bay to the high bluffs above the month of Teresa Creek. At this
point it is cut off by a fanlt which erosses the hend of the hay and
extends vup the valley of Dry Creck.

Along antieline is exposed in the hills sonthwest of the bay. the axis
reaching the shore a short distanee from Portage Dayv and extending
thenee inlad in a general northeast direetion.  The maximom dips
observed on the southern flank of this fold were about 2° to 107: on
the northern, 12° to 16°. Strikes of N. 2° I, and N. 10° E., respec-
tively, were noted.  The steeper dips were apparently confined to a
narrow zone, beyond which a dip of 89 continned for a considerable
distance,  These observations of the writer show a structure corre-
sponding to that which has been reported frow the region of Portage
Bay, where an anticline with a northeast axis is said to parallel the
sonth arm of the lake in such a position that, if continued to the loea-
tion of the oil derricks west of the shore of Cold Bay, it would coin-
cidle with the antieline seen by the writer and deseribed above,  The
rocks exposed in the immediate vieinity of the oil derricks Tie almost
or quite horizontal. The dip in the hills south of the derricks is
sonthwest at a low angle; while in the hills north of the devricks it is
northerly at an average angle of 8%, According te report, the north-
west dip is reversed near the center of the peninsula, so that part of
Becharofl Lake lies in o syneline, while near its northwestern shore a
sharp anticline is said to rise, which brings to the surface not only the
entire sedimentary sevies, but also a mass of erystalline rocks that
form the core of the peninsula thronghout most of its length.

It may be seen from the deseviptions given above that the most strik-
g steaetural features e ananticline with a northeast-southwest axis



ARt COLD BAY REGION. hh

extending from a point 3 miles above the mouth of Oil Creck to
Kanata, and w syoeline extending frons near the mouth of Oil Creek
northeastward into Cold Bay. The northern end of this syneline is
ent off by a fault which extends up the valley of Dry Creek. The
anticline tevminates by flattening out.

The dips are quite uniformly northwestward on the north shore of
Cold Bay and on the north <ide of Dry Creek.  Along the southeast-
ern side of Bechavof Lalke it is northwestward and westward.  On
the western shore of Cold Bay it is northwestwardl or horizontal.
On Dry Bay it is southeastward.,  The dips seldom exceed 157 except
toward the mouth of the bay, and are quite low and regular over
wide areas.  The region between Becharof Lalke and the Declirof-
Cold Bay divide has a uniform westward and northwestward dip.

INDICATIONS OF FETROLEUM,

Neepages.—There are several seepages at the north end of the anti-
cline near the oil wells.  Inoall of these the flow of petrolenm is large
und coustant. One of then Furnishes lubricating oil for use at the
wells,  There is also a conzuderable flow of gas at one of these seep-
ages.  Other seopages not =cen by the weiter ave reported  from
various places along the crest of this same fold, near the head of Dry
Bay and clsewhere between that point and Kanata.  There is said to
be even more important seepages on the west shore of the south arm
of Becharof Luke.

Developments—Three wells were begun in the summer of 1903,
They are located about 5 miles from the landing on the west shore of
Cold Bay, at au clevation of about 750 feet above tide, and are dis-
tant about ¢ miles 10 an aiv line from Becharof Lake.  (PL VIL)

One of the wells bogun during the siumimer of 1903 was abandoned
in the antumn at a depth of several hundred feet, and the derrick
was moved to a new site o few hndred feet digtant,  Very Little drill-
ing had heen done at this poine up to the time the sweiter left Aluska.

The sccond well, mentioned in an earlier publication,® was drilled to
a depth of about 1400 feet,  The drill is said to have penetrated
several strata filled with thick vesidual oil having about the cousistency
of warm pitel. This well was finally abandoned during the simmer
of 1904 because of the strong continual How of fresh water. Tt is
now certuin that this well is situated near a fault, whieh fact would
seemt to explain the presence of a large amonnt of fresh water at all
depths and also the absence of the more volatile and fluid constituents
in the oil. The machinery from this well has now been moved to a
new location about 2! miles sontheastward on Trail Creek. At last
reports it had reached a deptl of 1,500 feet.

Sl T #, tieol, Burvey No, 225, 1004, p, 851,
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Reeord of acell at Colid By,

Foet.
Sandstone S 06
Hard samd with creviees_ ___ i e e B o 39
Sand with Ised streaks 0 _ i B NG
CFF pand.- 1ol bard- o e s ETSTTEESRE
Sandstone with hard streaks ISP . |
VUTHIBE-S 1Tt FIET 1 | et e o e e ) eeeREE o N
Bundstoue with hnrd sl e e e o B2
CHE S 25
S[olt argillhecons ssodstone - smmeos ptonE e uneae = o 15
Soft blue samdstone with b ____ __ &

435

It petrolemn is stored within the series of rocks abont Cold Bay.,
othier things being equal, the very gentle folding whieh the strata
have wdergone should be favorable to the formation of large pools.
It is impossible, however, to tell at present how far the influence of
the voleanie belt and faults may extend.

The petroleum from this field has a paraffin base and is probably
stmilar to the Controller Bay petrolenm.  (See p. 58.) Il petrolenm
should be discovered in commercial quantities in this region it can
be piped from the wells to Cold Bay by gravity and shipped thence
to Sun 'ranciseo or to Puget Sound ports,

PETROLEUM RESIDUE,

On some of the hillsides near the oil derricks 5 miles inland from
Cold Bay are seepages of petrolenm that are in some cases continu-
ous, tn others intermittent.  The petrolenm runs down the hillsides
in the watercourses, collecting at the bottom in peat bogs. Losing
enough of its volatile constituents by evaporation to render it immo-
bile, it remains there, impregnating the peat and forming over its
surface a thick coating of black paraffin wax.

These deposits have already been of considerable importance in
the development of the region, for the peat, impregnated with the
paraflin wax, has proved a fuel of the greatest value, replacing even
the coal from the mines of Puget Sound, which is imported in large
awmount for use nnder the boilers in drilling operations. The deposit
which has furnished this fuel for the past season has an area of about
14 acres.  The material has been dug to a depth of about 3 feet with-
out, in some cases, reaching bottom. This deposit alone contains
enough of the residue to supply all local needs for fuel for some vime
to come. Another deposit has, however, been discovered in the
vicinity, which has an area of 3 acres and a thickness of at least 10
feet.  Many more also will doubtless be brought to light.

Chemieal and ealorimetrie tests of petrolenm residue have been
made by Penniman & Browne, of Baltimore.  The result of their tests
15 a8 follows:
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Chemdcal and calwrimctric tosts of petrolcum residue.

1'% cont.

Moistare - .. None
Nolafife: matter: ____ _ _ __  astrsissmseonsoslmssressone e s - 8h.40
B CRPBOT - o o s e s S e o o e R S T.7G
Ash i, 84
i 1o A S T __ 160, 00
Bulphul e v —— _ .an
Boloble Imgagolipe.- oo - oo o n s . BRCRD
Calories __ S, 192

The table shows a material that compares favorably with most of
the coals sold on the Pacific coast. Tt is, indeed, their superior as
regards calorifie power, ash, and amount of sulphur. The amount
indicated in the table as soluble in gasoline represents the petrolenm
residue present, the remaining 31.80 per cent consisting of peat and
earthy material.

PROPERTIES OF THE ALASKA PETROLEUM.

Controller Bay petrolewm.—A sample of the petroleum from the
well near Katalla has been tested by Penniman & Browne, of Bal-
timore, with the following results:

Test of petrolewm from Katallo.

Specific gravity_________ (0.828at15.5° () 89.1° B
Digtillation by Eugler's method ;
Bengine (S0°—150° ¢ 219, 54.9° B. (0L.7573)
Burning oil (150°=300° Co - ___ 5§19,40.6° B. (0,8204)
Residimm (parvaffin basey . 280 23.9° B. (0.9096)
Sulpbor - e Trace

The burning oil was puritied hy concentrated sulphurie acid and soda, the vol-
ume of acid nsed up being too =mall to measnre.  The puritied burning oil was
put into w smadl Loap, wheve it borned dey without inerusting the wick or cor-
roding the burner, aud withont aoy marked diminution of flame.  The burning
oil compares very fuvorably in these respects with Penusylvania oil prepared in
the same way.

The following analysis of thi= petrolenm was published by Mu.
Oliphant : ¢
Analyis op petrolewn from Katalle Bay well.

Specific gravity at GO° FoLOT058, equal to 45.9° Bawmd.

Cold fest did not chill at 37 1% helow zgero. I'er cent.
Distillation below 150° ¢, naphta_____ 385
10% 1 283% 1., Hlnmingting pehredensa . o000 o a1
Above 285° (., lubrieating petrolevea- 21.5
Restdue, coke and Tosgo oo o L L )
B 1660

& The production of pretrolenm in 1002 0 Mineral Resonrees 11 8. for 1902, T, &, Geol.
survey, 1903, p. 583,
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The results of the tests may be compared with those of other petro-
leums in the following table:

Tests of petvolenm from Alaska and ofher fields,

Alaskno Alnskah | POV i 0 | Colo- - ypoyie, g !E:E:?r;
Benzine (80°-150" C.) I 21 48.5 16.5 10 16 | 10 2.5
Burning oil (1507~ |
M0y ssmaaasns | ol sl 54 a0 40 60 40
Residuum. .. N 28 | 480,56 24 40 ER 30 ]
Salphur_. | Trace. | ... AR | (——— ‘ B L7
Graviby ... 80.1'B.45.9°B.| . .| | 4B 2B,

“ Pennimin & Browne for this report,

b Oliphant, 10 11, The production of petroleum in 1902 : Mineral Resources T, 8, for
1002, UL B Geol. Survey, 19413, p. 583,

* 'eekhnmm, 8. F., Heport on 'etroleam, p. 3635,

f Woodman, Durand, Jour. Am. Chem. SBoe., vol. 108, po 108,

*Odiphant, I 11, Tetrolenm : Mineral Resources 11, 8. for 1901, U. 8. Geol. Survey,
102, p 560,

8o, T, B, Enginesring Chemiziry, p. G364,

#1ayes and RKennedy, Oil fields of Texas-Louisinng constal plain: DBull. U. 8. Geol.
survey No, 212, 1903, pp. 146151,

A Bee above (p. 5T

The petrolenm is clearly a refining oil of the same general nature
as the Pennsylvania petroleum. Tt resembles the latter in having a
high proportion of the more volatile compounds and a paraflin base
and in containing almost no sulphur.  The proportions of the several
constitnents given in the table above do not necessarily represent the
full amounts that could be obtained in practice by different treatment.

Oil Bay and Cold Bay secpages—Samples of the seepage petro-
lenm from Oil Bay and Cold Bay have been collected by the writer.
They were obtained by skimming the petroleum from the surface of
the pools of water where it was continually rising from the hottom
of the pool.  An effort was made to obtain as much of the fresher oil
as poszible.  Vegetable and earthy impurities were removed by strain-
ing through coarse cloth.  Water could not be entirely removed.  Oil
for lubricating purposes at the neighboring wells is obtained from
these pools in this manner,

The fresher oil is dark green. That which has remained on the
surface of the pool for some time ix dark bhrown.

The oil has doubtless lost u Jarge part of its volatile constituents.
The analyses therefore do not represent the composition which conld
be expected of the live oil from wells in this region. Such oil would
have a lower specifie gravity. higher pereentage of the more volatile
constituents, and lower percentage of the less volatile constituents,
residue and sulphur. It would certainly be better than these samples
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in all respects. and would reserible them in having a parvafliin base, T¢
might not be of so high quality a= the Controller Bay petrolenni, but
nevertheless it wonld be a refining oil.

The samples were submitted to Penniman & DBrowne, of Balti-
more, who return the following report on their tests,

Tests of sumples of scopuge potralcim from Ol Bay and Cold Bay.

01l Bay. Cold Bay.
Specifie gravityat60" F . . 00857 (10.5" B) . 0,957 (16.6° B)
Distillation by Engler’s methml
Initial hoiling point .~ e WO O ..., 2257 CL
Burning oil (distillation ap t:n mn 6 48
under atmospheric pressure) .. ___ 13.2% (20.5" B) ___ 13.3% (29.6° B)
Lubricating oils (spindle oilg) (120 mm.
pressure. np to 300" Coy ... . 39.2% (22.6°B)____ 28.3% (23.8° B)
Lubricating oils {120 mm. pressure, 300°
C.-350" C) C 6% (17.9°B) ... 18.3% (18° B)
Paraffin oils (hy dv-atrul tn " |l1mllalmn
mnder atmosplieric pressure) 2244 (204 B)--.. 32.0% (20.4° B)
Coke and loss " 8% - - 81%
Total sulphur - e e NS 0416%

The distillation o the lubricating oils wder diminished  pressure, corre-
sponding to refinery proetive, wis corricd on nntil <ims of decomposition get in,
The resulting residoe was unsuitable for making eylinder stock, and was there-
fore distilled tor puraflin oils.  These paradlin oils contain o considerable quan-
tity of solid paratlin, It was nod practieable to determine the amount of the
mutterial with the small amonnt of oil ot our disposal

The fodine phsorption of the oils and distillates has been defermined by
Hanus's method (=olution sciuding fone hoursy, and is here tabulated :

Ofl Bay, Cold Bay.
Burning oil A T B KN —oooo 10 iodine - 17.2% iodine
Labricating oil e R ~o2 e dodine .. 27.2% iodine
Heavy labricating oil. Siaec S dodine L0 85,2% iodine

These jodine nmubers npon the Inbricating olls wore obtained upon the snm-
ples. For comparison, ssunples of similoe ofls wore obtained frow the Standard
Ol Compuny, aud the indine vunbers determined as follows ;

Light distilled Tubricating oil (spindle oil) x S oeeo- 32% iodine
Dark Inbricating oil (engine oil) . ... 4549 iodine

The burning oils were tested ina =l Boope sond fomnd to give a0 good faie,
Al the ofl was conspuwed withour fnerasting the wick or corroading the burner,

The saaple of crade ofl from Colil Bay was distilled In suel o way as to give
the maximum Field of burning oil s under these conditions 5222 per cent of faire
quality burning oil was oltainoel,

The oils are entirely shinilae: boath lave parailin hases, amd the prodnets of dis-
tillation are * sweet,™  We dre informed that these samples are © seepage oils,””
It a sufficient yield can he obtalned by deiling a very saitable oil for refinery
purposes may be expected, contadning a very mueh larger guantity of the more
desirable lighter products.






Amlomoerate, veetierenee ol oo oo
Aklek, Cape, fossdlleowt L . .
Alnska, Poaelile const of, mnp of __ .

Alnska O o, organization sl
WK o e e e e

Aluska Vetrolemn Co,, organlzation
wd work of

Aluska Bteam Coal and Petrolenm
Ryndiewte, well of, vee-

il ol TP

Analyses of Beving Ityver e
af uther vonly e B e

Arnnld,  Walph,  Tosslls deil-rmilml
| - e .

J\shhnrnvr. l‘. Aoy dnanlysis l'rum.. o
Asteodapls (2 sph, ocenevence of o L

Aneelln, ocemrreones of . __ ..

Becharof Lake, Tocatlon of e
ull seepages neay _ .. ... ..
seetion near ... - -

Belemnites, oveurrenee of -

Bering Glacier, location amd charne-
ter of .

DPering Take, coal near
geologic structure on oo o

rocks on ___ e i ok
Bering River. vha rrl:-lvr nl' ______
coal field om _ . ... ... __.
oeatbon of  _____ .
Boodg o .o
loeation of e
oll wells on aml near e
rocks on ———maa - -

sulphur springs on_______
timber on B .
Retula grandifolia, ocenrrenve of
prisea, ocenrretes of
Bowser, August, Information froan
Brooks, Alfred 1, letter of Transmit-
[ 111 L — i
on Alaska conl . i
Burls Creek, gealogie strovtare wn_.
petraleum o
Cadoveras  catosiomnn

"‘ll"“nn"ﬁj_l [

viarrenes of . L
doroschini  iElehwaldy,  ocenr-
rence of SO
schmidtl  Pompeck], occurrence
(1 N 41,
wosnessenskil u.n-n ingk), oe-
enrrence of
., ocenreence of e o oee .
sp. of. stenolobolde  ompeck),

oecnrrenee of o
Calllsta sp, ocenerence of ... .
Cullovian fauna, equivalent of .. ..

Bull, 26005

INDENX.

e,
b

- al=h2

1
48

18

N
n-uz
€

14,15
A
(]
18,45
Pl
b

=
A

LI ]

a2

CCiark, W, B,
L Canl, analyses of _o ...

l'-l

“aat
-—

41
1

43, 52

Cunoe Luopding, coal near -
section near
Canyon Creck, conlon.__
sections on R
Carbon Creck, condl o L
woologic sectbomon_
Carbon Monntain, vokeat . ___
soction ug _ __
Carless, W, M., coals collected by ..
Catomelopa, occarrence of
Cave Point, well near
Clnrlotte, Lake, conl on___ .
section ot
Chitkat Creck, fossils on. oo oo
rocks on
Chinitna Bay, ol and gas alo ..
port In. ... o
rocks on
wection at
oW Ml v in ane s e
Chrvsadoins spe. ovenreene of oo .-
annlysis peported hy

chinrneler of

geographile ocenerenee of .. 10,

geologle oeenrrence of

shlpment of, methods of ...
Conl wines, roules to sea from ..o
oke, chinracter of oo .. o -

oeenerenes of oo L i

Cold Bay, lovation and eharaeter of
oll dereleks nt, view of o0
reconnnlssanee nlo. o
routes too oo e
Bertion NP _ o ees i saseea
wells e o —————

L L L BT

ol Ty velon, fosstis of
gengraphy ol
geolagy of o
prebEaberim ol .

nonliniy of oo ...

character of
decelopients of . oo

resldue of i

annlysis of

wevhiage of

points of shipment from. . o __
wirowtore of _ ..

Colorade, petroleam from, nrnl,rulunf

Comox conl, analysis of - _

Controfler Boy, character of ____
fousils from__

S .rl!

f 11

location of - __ _______ T
reconnalssance near

Hbar a¥. . e e
wrll near, record of ...

61

-1 §
7
a4
30
14
oy

-}
1314
190

4%

49

43

46

a8

15

a8
31-n2
n1-34
27-04
2731
HEE ]
a0
hil

i, 34
o

ha

0

oo

o2

0

oo
A1, n2
=01
B1-On
anh-hf
an
AR=00
Ba-ni

. B0

-12, 35

11-12
9

12

23



62

Controller Bay reglon, conl of ____ . 2

fosails of___ ___ __ . 11156
geography of . . ... - __ ... 1112
geology of . SRR
geology, economlie, uf e
glaclers of . . ... 17
wap of_______ e mnas 12

petrolenm of . .- . .. 0
apalysis of - ______._ .. HKT-0N
character of ____ .. _ .. bY-hN
ocesurrence of 22-27

rocks of s . 12-17

structure of _____ .. .ee 17 ®]

Conns spo. ovenrrence of 1
Cook Inlet, loentlon of . - N an
reconnaissunee mear - oo . ]
Cook Inlet region, Tossils of o B TH
gengraphy of - aT
geology of . ——— e HTAT

petroleun eld of, 1l|'w1n|m||'u|

of s o o 154N
11 ETE (X (] e Py S s
petrolenm of, character of 5854
oveurrence of _____ 0, 47-49

sivtion of ___ S &
slrnetore of ___ -—- 48 48
points of shipment from ___ 49
Carylug mueguareli, ocearrence of 15
Dall, W. 11, fossils determined by___ 14,15

on Alusks petroleam - m

on Cold Bay geolozy . __ 5G1-52

on Jurns=sie pocks__ o “
awson, (1. AL, analysis reporied hy_ a
Pentatinm sp., vecurrence of ___ 1
Derrivks. oll, vlewof ___ 52

Twsrosehin, 1% 1. fossils eollevtesd 1 i) |
woyle camp. conl ot ___ __ 28
Iy Bay. esmd - _ . . . __ 4%
woll al . - I
Fdelman, coll elalin of . _ 48
Eiehwald, Fdusrd, an Adasha fossils_ 40
Eldridge, (3 10, on Aliskn petrolenm. 10
Enochkin Ray, fossils from___ 4041, 4344
rovks on ..o .. oo .. 384
port on e - 49
Enochkin formation, vimrm-l or nl'___ as—44
fossils of = SO, 4044
ocvurrenve of NS4, G2-RY
relations of .. o __ . . a7
woetlons of ____ ... . .E!l—-!"l..n.i
viewofl __ _____ ____ —— - U8, 4h
Fisehor, Paul, foesil ldumlllr'd Iy a1
Fioods, canse of B 17
Folding, ocenFrenes ul" . b |
Fosslls, oceurrenve of S

i, 27, a0, 40, S1-5

Fox lelonds, pockw of - . L 11

Fuller, W. i1, analysls by ... b -

Fusus sp, oeearrenes of . : 4

Gastropods, ocenerenee of . =10 04

Geology of reglon, aceount ol 12-
Goeology of reglon, economie, gecount

L S =P QU=

Georges Creek conl, analyses u-l' . an

Glaclers, occurrence of coeae e - - AT

INDEX.

. | 'nge.
G | Goniomya sp., ncenrrence of _____ a1
Grammatodon ¥ sp., oceurrence of - A0
Grnss, oecurrence of o i o 14T
Qriffen, — , all elalmy iled by. - 45
Llayes and Kenoedy, on petrolemm ns
Hemloek, ovenrrence of - 1247
Hillebrand, W, 1., nunlysis by .. $2

lgneous rocks, oveurrence aod ehur
weler of . _______ 1510

ITnocoramns extmiug Blehwald, oceur
oo of o .- L o - 40

durngsie rocks, vecurrence and eline
neter of e HNS, G2 53
Katalla, location : 12
petralenm wearo oo 22
rovks pear - 14
woell near, ol from, pnaylbes n'l‘ R iy
Kotally Bay, character of__ _— ]
Kautalln formation, fossils of _ 15-14

ocenrrence and charncter of
Kntnlla River, mas on
gealogic stricture _
location of __ :
oil wells on and pear __

[ T ——
Katmal, eoal and Pl'tmmxm near
Koyak, locatlon of ____
Kayak Island, fossils on
rocks of. ——
Kirsop, .lul:ll. jr on Alaskin el
teaam - . 1mn
on ering River eomis 4
Kishtak 1'nint, rovks near - (K1
Knowlton, F. 1L, fissils llvh'rmluwl
by . 15
Eushiaka. Loke, conl om_. - __ =0
o B R R RO TP RIS 11
IKushtaka formation, conl In. o - v f
wevarerence amd charaeter of . =15
Kushtaka Glacier, loeation amd ¢hine-
neter of 17
Laurns, acenreenee of 1)
Leda spe. oceirrenes of 15
Lims spe. octnrrence of = 4
Lone Baldy Mountalo, rocks ul' 1%
Loyalsock conl, analyses of - i
Loze, ¥d.. analysis from =87 an
Muacoma of. enlearsa Gmel, ocear
rene of 15
Marroesphalltes? gp., Gecirrenee ..r 1
Mulasgpina Gloeler, loention aml ¢har
acler of i 5
Map of Cold Bay fietd . ™
of Pacific roast of Maska 1

of petroleam Belds ___ B 12, 206, 36, G

Map, zeologie, of Controller ll;n,- e

giom _ ____ s 12

of ook Tolet ficld___ Kl

Martin, (i, O eoals collected by__ il
AMartin River Glacier. loeation and

character of _ e 17

Mexhen, peteolenm from, analysis nf_ 1.
AMlocene rocks, vecurrence aml ebar-

aeter of 15

Muonotis salinaria, vevorrence of ___ 51



INDEX. (i

i,
Nikuek formntion, charneter of [ B
fomslls of = S D 4
ovearrenen of  __ L b VA0, 2S00
woctlons of - (3
views of — A
Nanabmo coal, annlysis of HH}
Natlen sp., ovenrvence of 15
New South Wales conl, analyses of HH
Nitelmwak Rtiver, loods on_ 17
locationn of ______  ______ __ 12
ol ekl on, vorite Lo sen P Kl
petrolenm on SRS au
Ohlo, petrolenm from, nnuw LT - I8
Oil Bay, formations al, Huiees shiow
Ing - . [ I3
peteolvmm st ool yals uf o il
clinractor of . prt, S|
peteolenm sprims neneo . L L]
weetlon nl oo Lo o ... 42—
TN B e s i e 15
wollg mbo e L ==
rovord of S "

Olphant, 1% U wnnlyvels veported by o 55, 6%
o Alnska petradenm - 1oL, LGS

Oren Merbes, ecoerelation of _ o 10
Ol e, owen e o 10, I
Pientling veenreenve of o . an
uvelol, — 0l dueyslopment !n. . Ix
ety oweneremer of - . o an
Powteham, B 1, o pediodeni s
Poeten sp. ovenerenee of oo 4, 41
Pedoeypod, ovenrrenes of . 18, 16

Pennloun & DBrowne, nanlyses by 52, 5650

Pennsylvaming conl from, sl yeis of =
et Fronn, sl vsis af IS
Potwall, Ivan, ont Naska gt eabiiim 1
Potvolemm, stemetoueal eelinfbans of T | |

Penlik, Mount, locatbon sl ateitinde
ol S, Sit

Thaeobdes § ) sge, snasirrenee of 11

PhyNocerns soludilisife S T
el e e o n
Wb, eenrerenee ol "
Pittman, 12, 1, annlysis hy 2]

Melstovene depeestts, oeeimrenes gml
whia Lor ol {EH
lenromym ¥ sp, o ureeoe o) "
Pocalintas conl, atilysis of it
Pomeray, codl clnbms Blsl 1a i~
Tawle, L, sl <i= Traan b

ot Jurussle  pocks, oeciftviee gml
vharmeter of IS J5 G S32-50

Proe-dorassie  poecks,  oieneretios pinl
vhigrneler of T
Psendomonunt s % ap, invorroties of _ I
Parfmgton, €5 W, fussils Bt by ) e

ualernary  formntbons,  sevarreine
and character of in
Queen Creek, conl on - R
gealogic structnre on “n
sectlons on . . . <
diagram of . ___ . o

Recent deposits, ocenreence sinl vhar
acter of ___ . __ 16

iz,
Ies Creck, peologie seetion an_ an
Rivers, Iravel by . . cmen 12, 548
fomds, Wocatbon of raams=w AT
Rolwertson, W. F., analy=is by _ . a2
Rostellites el Indurain Conral, o
vitrrones of . 14
Routes Crom coal openings to hacbors,
Toeatlow of ___ . __ 45
Rynchonelln, acevrrenee of ___ o o2
Bt Kllas, Copes, rocks of - 16
Bulix sp. of, varinns, ocearrence od. . 15

Sehieader, T L amd Spencer AL (0
o Alaska eoul nod pe-
LT — 11

o Bering River conl ae
Seetlon, gealogle, at Carbon Moun-

tnin . — n

MELIEETE e— e 4

near Camee el - o

of Chnclolte conl senm - uUN

of Cold By vegion_ . n2

of Cook Todel pedoleim lil‘llln__ K13

ol Enochkin Gwmntjon___ . __ 942

of Nuknek fornuiion S 4

of well at Colil Bay R e on

af well gt odl Bay .. B

of well near Controldler Bay .o __ ol

on Carban ek I Lr g

on Chinitua Bay e "

um Ueen Ureek i ]

on lex Crevk e e o

on Tront ek s 0
Seepoees of  petroleum,  enrrenes

of 22 2T 4718, 550G 58S

Semele ¥ s oecareetiee of = 11

Serpiln ? sp, oeenrrenee of -s n

Shephenl. ¥ 11, aunlysis given by __ Fi v

o Muaskn pedenlenm _ o T

Sheplwrd Croack, ol an N+

s b o - — = - §

Khilgment. et lals of - £ [ 1 T

Somz Hartew. ke ot . - _ an

Mpeterer, A0 sl Selwader, ¥, 00,

i AMaska conl and pe-

Prsbeimn__ = 1"
ot Derbe Wiver conl i e nu
Bprney, owenerepee of nr
sprer. Jo K Fosstls puotind Ly - i H
vt A<Ra petealenm — Em- "
vt Noaknelk formntlon . 45
Btantow, T W, Desils deternilmed
Iy . 15, 41,

o Muska fossile e - 4
Ntephinmw eras <gu, ovei e I,
ST T 18, o petroleum L
REiwnter Crock, ool on
Kirawherry Hortor, woells s ___ .
Stenetinee of Cobl Bay rogion.

uf Coulroller Tay Recion _

of vak Inlel region __
Tertlary rovks, peouerenes and
aeler of . 115, 38, 4640
Toxas, petroleam from, annlysuls of - N
Thracka sp., vecurrenee of ____ 40




G4 INDEX.

Page. Tage,
W 1T, Toention amnd eleviation Wells, oll. in Cold Bay reglon. .~ __ 5606
L1 o Hig in Contpaller Bay region - 2305
view ol . o o s ‘ in Cook Inlet region . 4849
hther, ovenrevnee of - W 00-3) | twupsh conl, analyses i __ s
Prehy e avenrrenee of - 14 . . it
Testhl Creek, well on. . e S “_m"" . C. mmalygls from . A
Prelossde rocks, oeenrrenee anl cline ‘ Winglinm Island, location of ____ 12
aeter ofo o ooo.. AL ] LT LT S—_—_————
Trigontn dorosehing Elehwald, vecors Womdman, Durand, on petrolemm o8
rencw “f_- - - W Yaktag, Cape, petrolemm at 0
up., eeureenee of ks 40 | petrolenm field at, loeation aml
Tront Creek, vonl oo - o M| character of _________ 26-27
seethan o oo - =l { map of______________ - s
Turlas, seeurrence of . _ S 1| route to__ . __ B g T |1 11 )
rurritella sp., orcirrenico of .- .. M| wop, o elestiratabatt 18
Valdes serles, correlation of . 15, 14 aff. thraclaformis Dall 15
Well records at Cold Bay s ot “ it i T
at Controlter Bay - - ... wq | Alttel, K. AL on Catometopn - 14
at Ol BRY e occna e 44 Zlgyphus, occurrence of __________ 15

O



PUBLICATIONS OF UNITED STATES GEOLOGICAL SURVEY.
Bt hetin Ny, 2]

The serial publications of the United States Geologienl Survey ronsistof (1) Annual
Reports, (2) Monographs, 1031 Professional Papers, (4 Bulleting, (6) Mineral
Resources, (6) Water-Snpply wel Trrigation Papers, (7)) Topographic Atlas of
United States—folios and separate sheets thereof, (8) Geologie Atlas of tho United
States —ioling thereof,  The classes nmmberad 2, 7, aned 8 aree sold at cost of publiea-
tion; the others are distributed free. A civenlar giving complete Hists may be liad on
application.

The Professional Papers, Bulleting, and Water-Supply Tapers treat of o variety of
snbjects, and the total number i=sned = laree,  They have therefore heen elassiled
in the following series: A, Feonomic geology; By Deseriptive geology; O) Systen-
atie geology mnd paleontology; D, Petrogeaphy and mineralogy; 19, Chemistry and
physies; F, Geography; G, Miscellancoug; H, Forestry; 1, Trrigantion; J, Wafer stor-
age; K, Prumping water; L, Quality of water; M, General hiydrographic investiga-
tions; N, Water power; O Undergronnd waters; P, ydrographic progress reporf<
This bulletin i the forty-thind i Series A aod the Gilty-loneth in Series 13, the
complete lists of which follow,  (PP=Professional Paper; B=Bulleting Wi= Water-
Supply Paper. )

SERIES A, BUOXOMTC GEOLOGY,

B 21, Lignites of Great Bionx Reservation: Report om pegion betwoeen Orand and Moreau vivers,
Dukota, by Balley Willls, 1885, 10 ppo, O opls. (Ol of sioek. )

BAG, Nabure and origin of deposits of phosphate of Time, by R AL FL Penrose, jr., with introdaction
by N, 8, shaler, st 148 pp. (Ot of stoek.)

B 65, Btrutigraphy of the bitnminons cond Hell of Penosylvania, Ohio, sl West Viegioda, by 1o,
White, 1891, 212 pp., 11 ple. (Out of stock. )

B 11, Geology of Big Stone Gap eonl Beld of Vieginin and Kentueky, by M. R Conplaell, 188, 100
P pls,

182, The dissemimited lead opes of sonthenstern Missonri, by Arthar Winslow, 1806, 81 pp,

B8 Arteslan-well prospeets in Atlentie Constal Fladn region, by N TL Durton, 1806 228 g, 19
ple.  (omt of <toek,

1% 1849, Geolowy of Castle Monntain mininge disteiet, Montann, by W, H, Weod aml LoV, Pirsson, 1890,
H pp.. 17 pls

11 Bibliography of chivs and the sermmiae atte, by Jo ) Branuer. 806 100 pp.

B 1. Keeonmaissaneo oo the Lo cortode coal Gields of Texas, by T W, Vaoghan, ineloding o roport
on dgiennrs roeks frome the =an Carlos eond Geld, by B, (L K Lond. 1900, 100 pp,, 11 pls,

1178, K Paso rin deposits, T W L Woed, 19, 106 ppc, 1 pls

B 180, Oceneremee aind dd=teiinntion of corpandom in United States, by 3000 Pratt, 19010 98 pp., 14 pls,

HsL A peport on e eeomomie seeloey af the Slverton guairngle, Colomdo, by F. L Bansonwe,
191, M6 pp., 16 pls,

118 O il ggas Gebds of e western imerior s aorthern Texas eon] messares ol of D Upper
Cretaevnns and Tertlary of the westerty Gall eost, by G L Adams 1900 61 pp,, 10 pls,
(ot of stk )
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