*

THE COLD BAY-CHIGNIK DISTRICT.

By W. R. Smrra and ARTHUR A. BAKER.

I NTRODUCTI ON.
LOCATI ON AND AREA

The area described in this report lies on the southeast side of
the Alaska Peninsula west of Kodiak Island and extends from a
point 15 miles northeast of Cold Bay for 160 miles southwest along
the -peninsula 10 the northeast side of Chignik Bay. This area lies
between meridians 155° and 158° west and parallels 56" and 58"
north. The northeastern portion of the area includes a part of the
Cold Bay district, which has aready been described by Capps.*
Bay lies on the southeast side of the Alaska Peninsula at
longitude 155° 30 west and latitude 57° 45 north. The mapping
by the Geological Survey in 1922 is a continuation of the mapping
begun by S R. Capps and R. K. Lynt in 1921. The geographic
beundaries of the area of which a geologic map has now been made
are, in the northeastern part, Becharof and Ugashik lakes on the
west, the Kejulik Mountains on the north, and the coastal mountains
from a point near Mount Katmai to Cold Bay on theeast. Between
Cold Bay and the southwest end of Wide Bay the mapping has been
carried to the shores of Shelikof Strait. Between Wide Bay and
Amber Bay the area mapped is about 18 miles wide and lies west of
the main crest of the Pecific coastal range and east of a broad ex-
panse Of low land bordering Bristol Bay. From Amber Bay to
Chignik Bay the mapping has been carried to the coast. The total
area mapped geblogically in 1922, lying between the head of the
Ke6u11k Valley. and the northeast end of Chignik Bay, includesabout

500 square miles.

PREVIOUS SURVEYS.

The first extensive charting of the coast line of the peninsula was
begun in 1827 by Capt. F. P. Lutke, who was sent out by the author-
ities at St. Petersburg to make a careful survey of the north coast.

* Capps, 8, B., The Cdd Bay district: U. 8. Geol, Survey Bull. 739, p. 77, 1922.
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Several years later the south coast was mapped by Ensign Vaslief.
Although numerous surveys of parts of the Alaska Peninsula have
been made since Alaska passed into the hand of the United States,
there remain stretches of many miles of coast line which have not
been charted sincethe work of Lutke and Vasilief and for all exist-
ing mapsof which their charts are still the basis.

The occurrence of petroleum in sedimentary rocks of the Alaska
Peninsula has been known for over half a century, but until the
present investigation only a small part of the peninsula had been
mapped either geologically or topographically. The earliest refer-
ences to the occurrence of petroleum were made in 1869 by David-
son? and Dall,® who reported the presencedf a seepage near Katmai
Bay, northeast of Cold Bay. A bibliography of publications refer-
ring to the occurrenceof petroleum in Alaska, compiled by Martin:
was published in 1921. The only additional publications that have
appeared since then are the report on the Cold Bay district by
Capps® and that on Iniskin Bay by Moffit.s

Previous surveys in the Cold Bay region have been confined
largely to hasty reconnaissance trips aong the coast and into the
more accessible parts of ‘the region. Severa expeditions visited
Cold Bay to study and report on the thick stratigraphic and struc-
tural sectionsexposed there, and the general geology of the country
adjacent to the shores of the bay has been khown fer many years.
During the oil excitement in 1903-4, when the wells were drilled
near Cold Bay, G. C. Martin visited the well sites, and a report of
his findings has appeared in severa publications. 1n 1921 S R.
Capps made a reconnaissance survey of the country between Wide
Bay and Cold Bay, which supplied more accurate information on
that area. Theterritory immediately north of Cold Bay and south-
west of Wide Bay had remained virtually unexplored, as they had
been visited only by a few trappers and prospectors. Within the
last twoyears many oil claims have been staked in the Kejulik River
valey and near Aniakchak Bay.

The country near Mount Peulik has been somewhat better' known
than that north of Cold Bay and southwest of Wide Bay, but until
work wasdonethere by Cappsin1921 no authentic geologic knowledge
of it wasavailable. Many prospectors were attracted to the so-called
«west field," lying southeast of Mount Peulik, during the oil excite-
merit in 1908-4, but no systematic mapping was undertaken and no
accurate information was published. Private examinations have

2 Davidson, George, Coast Pilot of Alaska, 1869, p. 36.

¢ Dall, W. H.. idem, p. 199,

«Martin, G. C., Preliminary report on petroleum in Alaska: U. 8. Geol. SBurvey Bull.
719, pp. 75-80, 1921

5 Capps, 8. R., The Cdd Bay district: U. 8. Geol. 8urvey Bll. 739, pp. 77- 116, 1922,

¢ Moffit, F. H., The Iniskin Bay district: Idem, pp. 117-185,
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38N made at different times with theidea of developing the area if
1} held sufficient promisedf oil production. | n1918 a geologist made
an examination for a group of claimants, and in 1921-22 geologists
reported on this area for several different oil companies. Surveys
other than geologic have been carried on by the United States Gen-
eral Land Office, which had partiesin the field in 1920-21 and west
of Kujulik Bay in 1921-22, establishing land lines to which claim
surveys could be accurately tied. 1n 1921 a reconnaissance topo-
graphic map of the region between Cold Bay and Portage Bay was
made by membersof the United States Geologica Survey. Thesur-
vey of oil-claim boundaries has been carried on o energetically that
the vast network of claims has practically all been surveyed.

A geologic and topographic reconnaissance map of the country
hordering Chignik Bay as well as the Herendeen Bay and Unga
Island region wasmade by Atwood and Eakin in 1908, and areport
on the work was published the following yer; and a fuller report
containing geologic and topographic maps in 1911.8 The coa re-
sounsess of these districtshave been mentioned in severa other publi-
cations. The region lying between Wide and Chignik bays had not
been examined by members of the United States Geological Survey
before the summer of 1922. Someof the chief physiographic fea-
tares, such as Mount Chiginagak and the larger lakes and streams,
were named or indicated on the Russian maps, but. otherwise the
greater part of theinterior was unknown. The coast and the south
side of the mountain range between Wide Bay and Amber Bay has
not been mapped sincethe acquisitionof Alaskaby the Uited States.

PRESENT INVESTIGATION.

I n the spring of 1922 two combined geologic and topographic par-
ties —— organized, one in charge of R. H. Sargent with W. R.
Smith attached as geologist and the other in charge of R. K. Lynt
with A. A. Baker as geologist. Each party consisted of 6 men and
10 pack horses. The parties sailed from Seattle June 4 and landed
at Portage Bay June15. Mr. Sargent's party continued westward,
and Mr. Lynt's party madea circuit through the country surrounding
Mount Peulik and then tied on to previous work at Cold Bay and
carried the survey northeastward into the Kejulik Valley.

Mr. Sargent's party made a topographic and geologic reconnais-

.. sance survey for about 90 miles parallel to the west side of the coast

range southwest of Wide Bay and arrived at Chignik in September.
The season’s WOrk resulted in atopographic map of an area of about

7 Atwood, W. W, Mineral resources of southwestern Alaska: U. S. Geol, Survey Bull.
879, pp. 108152, 1909.

8 Atwood, W. V\V, Geology and mineral resources Of the Alaska Peninsula: U. 8. Geol.
Survey Bull. 467, 1922.
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3,000 square mileson a scale. of 1:180,000 and a geelogic examfha-
tion of an area of about 2,000square miles. Mz, Lynt’s party made
a topographic map covering an area of about 1,200 square miles on
ascaleof 1:180,000, largely by photo-topographic methods, and are-
connaissance geologic map of an area of about 500 squaremiles. The
work of the two partiesthus resulted in atopographic map of about
4,200 square milesand a geologic map of about 2600 sguare miles.
(See P1. VIIL)

The vicinity of Cold Bay was the scene of much activity during
the summer of 1922, as it had been in 1921. Besides the United
States Geological Survey parties, Several geologists, representing at
least three different 0il companies; were making examindtions of the
possible oil-pool locations. One of the companies, which later im-
ported drillingeqgaipment, had several men engaged in wor k prelimi-
nary to drilling, such as choosing a karbor, selecting one of several
possible mutes for a road, and decidingon a well site. Two different
surveyors had parties making boundary surveys of oit-elaims.

Thanks are due to R. H. Sargent and R. K. Lynt for firnishing-
base mapsin the field and for unfailing assistancein furthering the
writers' investigations. To Messrs. Adolf Van Hammel, Charles
Weideman, and C. W. Olsen acknowledgment is due for supplying
Mr. Sargent’s party with several essemtial articlesof food at Aniak:-
chak Bay. Obligation is aso acknowledged to the offieigls of the
Northwestern Canneries Co. for theuse of aboat at Chignik Bay.

GEOGRAPHY,
TOPOGRAPHY.

The general geographic festures of the Alaska Peninsula have
been so well described in at least two reports® that only abrief sum
mary will be given here. The peninsula is a wedge-shaped land
mass extending from northeast to southwest and tapering toward the
southwest end. It is about 550 miles long and at its northeast or
landward end 100 mileswide. The coast lineisvery irregular, hav-
ing many indentations and large bays which in a few places near
its southwest end almost cut through the peninsula. The Aleutian
Range runs practically the entire length of the peninsula, aad be-
tween Port Moller and the base of the peninsulait lies much closer
to the Pacificside, Thisasymmetric position of the mountain range
gives the south side of the peninsula a very bold, rugged appear-
ance, but the north side is bordered by a wide lowland. containing
many lakes and swamps.

® Atwood, , Geology and mineral resources of parts of Alaska Peninsula: U. S
Geol, Survey Bu 467, pp. 13- 15, 1911 Capps, 8. R The Cold Bay district: U. . Geol.
Survey Bull. 789, pp. 77-88, 1922.
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, T he streams flowing southeastward into Shelikof Strait and the
Pacific Qcean are mostly short, turbulent mountain streams with
many falls, flowingthrough steep-sided canyons. Thisis especialy
true of those that reach the coast southwest of Wide Bay, where the
mountains are rugged and closeto thebeach. Most of the creekscan
be waded at favorable places; the larger ones, those flowing into
Wide Bay, have eroded small valleys severa miles upstream from
their outlets and can be waded without danger except the one at the
southwest end of the bay, which is a swift glacial stream. Aniak-
chak:River is about 25 mileslong and is the largest stream on the
peninsula flowing toward the Pacific Ocean. It risesin Aniakchak
Crater and emptiesinto the northeast end of Aniakchak Bay. For
the greater part of its courseit flowsthrough a valley about 6 miles
wide,-which has been partly filled with cinders thrown out from
the crater. Near its mouth during the summer the river is about
100 feet wideand 4feet deep.  Oned thetributaries, Hidden Creek,
flows in a subterranean channel for 4 or 5 miles beneath the lava and
cinders east of the crater.

The rivers and creeksflowing west and northwest across the low-
land into Bristol Bay are sluggish, meandering streams, subject to
tidal changes for many milesupstream. They riseaongthenorthwest
flank of the main Aleutian Range, where they are typical mountain
streamsfor short distances before they enter broad valleysextending
from the lowland through wide gaps in the lower mountain range
toward the west. Both the valleys and the lowland contain many

“Iakes; and the outlets of the larger lakes are usualy rivers of mod-
eratesize. One of thelarger bodiesof fresh water in the area sur-
veyed is Mother Goose Lake, which lies 10 miles west of Mount
Chiginagak and receives the glacial streams flowing from the west
side of the mountain. This lake has an area of about 16 square
miles and contains eight small islands. The Ugashik Lakes, in the
Cold Bay district northwest of Wide Bay, are two of the largest
lakes on the peninsula, being surpassed in area only by Becharof
and Naknek lakes. Upper Ugashik Lake is 1/ miles long and has
an area of approximately 85 square miles. Lower Ugashik Lake is
irregularly circular in outline and has an area of about 100 square
miles. The two lakes are connected by a short, narrow channel.
On the banks of their common outlet, Ugashik River, several large

: galmon canneries have been in operation during the fishing season

“for, aﬁumber of years. Becharof Lake is the largest lake on the
Alaska Peninsula, as it is more than 40 miles long and has an area
of about 450 square miles.

The Cold Bay district lies aimost entirely within the limits of the
mountainous area.  The lower half of the Kejulik River valley and



156 MINERAL RESOURCES OF ALASKA, 1922.

the country north and west of Mount Peulik should be considered
as merging into the lowland. In the immediate vicinity of Cold
Bay the mountains rise abruptly from the shore line and attain a
maximum elevation of about 2,500 feet. Between Cold Bay and the

head of Kejulik River the mountainous belt narrows. Extending
north and west from the coastal mountainsis a broad valley contain-
ing a complicated network of meandering streams, large and small
lakes and swamps, and here and there low hills standing out promi-
nently in contrast to the low terrane about them. The trunk stream
in this drainage network, Kejulik River, a tributary of Becharof
Lake, lies nearest the northwestern wall of the valley and isa large
sluggish stream whose water has a milky color due to its glacial
origin. This stream in its lower reaches is deep enough for horses
toswim. The Kgjulik River valley is bounded on the northwest by
a rugged sawtooth range, the Kegjulik Mountains. This range ex-
tends northeastward from the northeastern shore of Becharof Lake
and joinsthecoastal rangein the vicinity of Mount Katmai. Mount
Peulik, a volcanic peak nearly 5000 feet high, lies across Becharof
Lake about in line with the axis of the Kejulik Mountains. From
Cold Bay to Portage Bay the coastal range-is not so rugged, occu-
pying a belt extending about 10 milesinland, with mountains 2,900
feet or more high. On the cape between Portage and Wide bays
the mountains differ in character from those' immediately to the
northeast and are impassable by pack train, so that a three days’
detour is necessary in traveling by land from one bay to the other.
Southwest of Wide Bay -there are many mountains some of whose
peaks attain a height of 4,000 to 5,000 feet. The crest line between
Wide and Amber baysis unbroken by any known low passesfor 80
miles, s0 that the inland country behind these mountains is less
accessible than the area west of the coast in the Cold Bay district.
Along the upper dopes there are many permanent snow fields, and
at several places vigorous apine glaciers descend almost to sea level.

The most conspicuoustopographic feature in the region southwest
of Wide Bay isMount Chiginagak, an active volcano at the head of
Chiginagak Bay which rises 2,000 feet above its neighboring moun-
tains and reaches an altitude of nearly 7,000 feet. It isregularly
conical in shape; the summit is depressed, apparently by an extinct
crater Whosesides, as viewed from the north, appear in the form of
two symmetrical cusplike peaks, which aid in giving the mountain
an unusual scenic beauty. The upper 4,000 feet is almost entirely
covered with snow fields and glaciers. A thousand feet from the

top, on the north side, a whiteplumeof vapors and sulphurous fumes
rises from asmall fumarole in thecenter of asnow fiddd. Thisfea

ture can rarely be seen from the coast, although it is nearer the
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Psacific Ocean than most of the active and extinct volcanoes that
oTcur at irregular intervals along the axial line of the Alaska Penin-
Sula.

An extinct volcano that is less conspicuous but of considerably
morescientificinterest than Mount Chiginagak wasdiscovered at the
head of Aniakchak River, about 28 miles west of Aniakchak Bay.
The crater is somewhat similar in size and shape to Crater Lake,
Oreg., but differsin having a comparatively small body of water on
its floor. Therim is amost circular in outline and has a diameter
of 6 miles. The mountain summits that form the rim are from 700
to 1,500 feet above the crater floor and are unbroken except in the
gorge or "gates" through which Aniakchak River flows Within
the large crater, near the east side, a cinder cone rises 1,000 feet.
above the general level of the floor and can be seen from the moun-
tain tops northeast of the river. Three smaller cones also occur in
the crater. The lake, on the northwest side, has an area of about 2
square miles; it is bluish green in color and does not appear to be
deep. Theareaof thecrater, including the cinder cones, i s approxi-
mately 25 square miles. I n places the walls are nearly vertical;
wherethey are not 0 precipitous they are covered with small glaciers
and snow fidds. At the places where the walls were examined they
were found to be composed chiefly of slightly folded sedimentary
rocks The bottom of the crater is filled with rather coarse black,
gray, and red cinderswhich form ridgesaround the base of thelarge
cone.  Thecrater can be entered through the gorge on the southwest
side.of theriver. The stream istoo turbulent to be waded near the
gorge but can beerossed within thecrater just below the lake.

Thisremarkably large crater has been named Aniakchak, after the
river whosesourceiswithin itswalls. Unfortunately, little timewas
available for the investigation of this interesting crater. It was
visited a short time August 26 and a few hours August 30. On the
latter date W. R. Smith and Sidney Old went into the crater and
attempted to reach the inner cone, but walking over the cindersis
dow and difficult, and the summit of the conewas not reached, partly
on account of darkness. The patty’s nearest camp was 6 miles from
the “ gates."

The mountains along the coast in the vicinity of Aniakehak and
Kujulik baysareonly 2500 feet in altitude, but they are very rugged

. and sculptured by deep gulches.

‘West of and paralleling themain Aleutian Range alower range of
mountains extends from Lake Ugashik to Aniakchak Crater. This
lower range is dissected by streams flowing west into Bering Sea
from thedopesd the main range.
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CLIMATE.

The Alaska Peninsula has an unusual climate, owing to its ggo-
graphic position. The most notable features of the climate are the
prevalent high winds and fogs, in explanation of which Capps
says:

Any differences in barometric pressure that may exist between the north
Pacific Ocean and Bering Sea result in winds that blow across the peninsula
either from the northwest or from the southeast, and a complete reversal in the
direction of the wind often takes place suddenly. Furthermore, any wind that
blows is a sea wind, and the air, having a high moisture content, #s chilled
on passing over the mountain barrier and forms fog or clouds. Thus: windy
days are generally cloudy or foggy, and as windy weather is the rule, the
mountain topsare generally in clouds. Thefew clear daystiat eccurred in the
summer of 1921 wer e relatively calm.

The Alaska Peninsula and the islands to the south are conmdered
by Cleveland Abbe, jr.,** after studying the meteorologic records up
to and including the year 1902, a distinct climatic province. It
ischaracterized by lessextremesof climate than many other parts of
Alaska. The nearest meteorologic stations to the Cold Bay district
and the country to the southwest are at Unga, on Unga Island; at
Ugashik, at the mouth of Ugashik River; and at Kodiak, on Kodiak
Island. Theclimatic records are not complete, but they serveto show
that the precipitation is much less here than in southeastern Alaska
or on the Aleutian Islands and that the extreme annual range of
temperature is not so great asin theinterior. Ugashik, on the west
coadt, has an annual rainfall of only 24.41 inches, and a range of
temperature 6f 124°; Unga Island, off the east coast, receives abont
twice as much rain—48.78 inches—and has a temperature range of
only 80° or 90"

Rains are frequent in the summer, but the actual precipitation
is not great, astherains are usually in the form of a driving mist,
with occasional heavy downpours. The summer iS usually cool—
so codl, in fact, that on rainy days a tent without some sort of a
heating device is uncomfortable. There are exceptiona days, how-
ever, as a temperature of 95° F. was recorded in June, 1922. The
nights were uniformly cool, and the temperature dropped below
freezing several nights during the later part of August. A few
inches of snow fell during the night of August 2 in the vicinity of
Mother Goose Lake, and early in September light snow fell upon
the higher hills near Cold Bay. From June 14 to September 23,
1922, there were 30 clear days, most of which were calm,in' the
region between Portage and Chignik bays. The best weather oc-

1 Capps, S. R, The Cold Bay district: U. S. Geol. Survey Bull. 789, p. 84, 1922:
u Brooks, A. H., The geogr aphy and geol ogy of Alaska - U, 8. Geol. Survey Proi. Paper
45, pp. 140, 160, 1806.
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cwgred during the later part of June and the first two weeks of
September.

The winters are severe, because of the wid, heavy winds, which
are said to make traveling difficult and even dangerous for days
at a time. The snowfall issaid to belight, so that during a large
part of the winter there is insufficient snow for sledding. This
scarcity of snow makes it possible to winter horses without great
expense, as the horses can forage for themselves during the day if
some sort of night-shelter is provided. The horses must be fed
during short spells when the show is deep. | n some winters, such
astheat Of 1920-21, the snowfall isso heavy that hay and grain must
be fed throughout the bad weather. The snow usualy disappears
by July 1, except in deep gulchesand on the higher mountain dopes.
Theground does not freeze to a great depth.

VEGETATION.

-The -greater part of the Alaska Peninsula southwest of Naknek
Liaka'is completely barren of trees. A rather surprising exception
te the general lack of timber was found in several valleyseast and
southwest of Mother Goose Lake and in the immediate vicinity
of Kejulik River. These valleys contain many clumps of cotton-
wood trees, Some of which grow to a height of 35 feet and have
a maximum measured diameter of 23inches. The average height is
probably 25 feet and the average diameter about 10 inches. Al-
though the trees are partly protected from the Pacific Ocean winds
by the Aleutian Range, which is unbroken in these areas, the tops
of the larger treet ars gnarled and bent, but the trunks are usually
straight-and of sufficient length to bé useful in the construction
of small cabins. The trees are too far from the Cold Bay oil
field, however, to aid in solving the serious problem of building ma-
terial thete,-mnd they would be of value only to prospectors or trap-
persin the valleys in which they grow. The hi gh-bush cranberry
grows N association with the cottonwood trees but was not seen
elsewhere.

Alder and willew bushes are unevenly distributed in nearly all
the valleysand at places on the mountain dopes 500 feet above sea
level. Inthevalley at the southwest end of Wide Bay alder bushes
reach a height of 18 feet but are usually stunted and gnarled o that
|t is diffieult to penetrate the thickets. It isinteresting to see the
ders-growing in small canyonswth no branches extending above
the Tevel of the canyon walls, appearing almost asif they were con-
stantly trimmed back to the level of the tops 0f the walls, thus
showing the powerful effect of the heavy winds upon vegetable

growth. At the lower elevationsthickets of willow are common and
76813°—24——11
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in sheltered placesthey attain a height of 10 or 12 feet, but in more
exposed places they are stunted and twisted by the heavy winds;
forming dense waist-high thickets.

The most abundant and conspicuous form of vegetation on the
Alaska Peninsula isgrass, which grows luxuriantly i n all the valeys
and lowland areag and also on the mountain slopes to a height of
about 1,000 feet above the seg, in places where soil has accumulated
sufficiently to permit a footing for vegetation. The grass, chiefly
redtop, wild rye, and asmaller amount of bunch-grass; growsrapidly
and furnishes excellent grazing from the first of June until it is
killed by frost in September. There are thousands of acres of:this
grass growing to a height of 3 or 4 feet, and it would make a fair
grade of hay except for the diffieulty of curing it properly, owing
to the peculiar climatic conditions. )

Several varieties of moss clothe the higher slopes and even the
summits of the mountains that are not ¢overed with snow or entirely
barren of soil. These plants. are widely distribyted and .are seen
along the beachand in thelowland areas wherethe grasses and] bughes
do not crowd themout. Caribou moss (comprising variousspeciesof ,
lichens) isseen occasionally throughout the district and is plentiful
on severa ridges south of Mother Goose Lab. Wild flowers in
amazing variety grow everywhere from the valley floors to the
highest altitudes at which vegetation is found. Nearly a hundred
species were collected without any effort toward a careful and syste-
matic search.

Several varieties of berries are found in the Cold Bay region, but,
only moss berries are abundant. | nisolated patches blueberries are
sufficiently plentiful to offer a welcome addition to the,camper’s
stock of provisions. The dwarf cranberry grows very abundantly
on the sand spit in Chignik Bay and forms an important article, of
food for the natives. Large yellow salmonberries are -found at
places along Aniakchak and Kujulik bays but .are not very
palatable.

Vegetation has gained a footing in patches in the valleys filled
with cindersin the region around Aniakchak Crater, but there are
large areas in these valleysthat are entirely lacking in plant life.

The lack of timber immediately raises a question concerning fuel
supply. The camper must depend upon the meager supply of alder
brush for fuel, and camp sites must be chosen with that in mind
rather than for other conveniences. Most of the permanent, settlers.:
in the country have erected buildings close to the beach, and-the
supply of driftwopd has heretofore been amplefor their needs Both
for .building and for fuel. The buildings away from the coast are -
all of the type called “barabaras,” which are sod houses built

L
L 2 L
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around a framework of alder or any other available wood. The
sown Of Kanatak is dependent upon coal shipped in by boat fer its
fuel supply. During the early stages of the boom the driftwood
and the alder brush were sufficient for all needs, but the rapidly
growing town demanded a greater supply of fuel. The petroleum
residue patches furnish a small local supply of fuel that can be used
under boilers. As mentioned elsewhere, the Associated Oil Co.
plans to use residue from one of the patches on the Pearl Creek
dome for fuel. During the drilling in 1903-4 the residue from the
seepagoab thehead of Oil Creek, near Cold Bay, was used under the
beilers and in stoves with satisfactory results. The supply of alder

“brush and driftwood is sufficient for the needs of the camper or for

a small community, but a large community or any commercial enter-
prise must depend upon wal or oil.

ANIMAL LIFE.

. Wild #himals are not present in this part of the Alaska Peninsula
in large numbersor great variety. Thenativesand a few white men
trap for the fur-bearing animals each winter. The fox is the most
abundant of the fur-bearing animals and is the most sought after.
Many red fox and some silver-gray fox are taken each winter and
aredisposed of at the local trading posts by thetrappers. Wolverine,
mink, marten, and land otter aretaken i n small numbers. The brown
bear isthe largest animal on the peninsulaand is occasionlly seen by
tra.velers The bears seem to be more numerousin the more remote
y'6f the peninsula. Thelarge Arctic hareis probably very numer-
ous, to judge from the number that were seen and the tracks and
runsin the willow thickets. Moose, mountain goat s, or sheep are not
known in this area.

Caribou formerly ranged over the entire peninsula, but they have
completely disappeared from many districts and are rarely seen on
the peninsula above Mother Goose Lake. Southwest of Mother
Goose Lakethereisasmall area in which about twenty caribou were
seen.  Farther southwest, near Aniakchak Crater, no caribou and
very few tracks were seen. In the vicinity of Chignik Lagoon a
few caribou are said to be seen occasionaly. Those seen by the
Survey party were usualy in pairs, but one herd of twelve came
within a hundred feet of the pack train. They were rather small and
belonged to the mountain type of caribou, which seldom migrate.

fpresence in a small area is partly due to the fact that the
caribou moss grows more abundantly in this particular area than
elsawherealong themute of travel.

Hair seals are captured in the bays and form an important source

" of oil and food for the natives, The sealskinsare used in the manu-
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facture of moceasins, mucklucks, and other articles of clothing. The
native’s boat or bidarka consists of a framework Of bent willows
covered with tightly stretched sealskins.

Of the game birds ptarmigan weremost plentiful in 1921 and 1922
but are reported to disappear almost entirely for periods of years.
They are heavily preyed upon by eagles, foxes, wolverines, and bears.
Ducks, geese, and swans breed in great numbers on the lakes, in the
low marshy places, and in the lagoonsalong the coast. Other birds,
including sea g |'s, sea parrots, shags, and other sea fowl, are very
plentiful and find favorable breeding placesin the cliffs and.on the
islands Small birds are not numerous; several species of snipes
were seen On the beach; water wrens, magpies, and one or two other
specieswereseen inland now and then.

A more favorable spawning ground for salmon can searcely be
found anywhere than the many lakes and streams in the lowland
bordering Bristol Bay, and an extensive canning industry has been
established along the larger rivers. The highly prized Alaska.red
salmon is the most prolific variety on the Bristol Bay Coast. The
Pacific streams have a smaller run of red salmon, but several other
desirable varieties, including theking salmon, are abundant and sup-
ply the three large.canneries at Chignik. These are the only can-
neries on the Pacific coast of the peninsula. | n 1922 the Chignik
canneries were limited by regulation to a pack of 50,000 cases each.
Herring, halibut, and cod are said to be plentiful in the, salt water
aong the coagt, Only two kinds of fresh-water fish are known, the
trout and grayling. These fish feed on the salmon eggs and the
young salmon fry.

COMMERCIAYL DEVELOPMENT.

There have been two periods during which outside interests have
attempted to develop the Cold Bay district into a commercially pro-
ducing oil field. The first ‘attempt wasin 1903-4, when five or six
wells were drilled to depths ranging from 15 to 1,500 feet, Two
companies operated in the field at that time, making their head-
quarters at Cold Bay. Judt inside the cape at the southwest entrance
to Cold Bay, in a small protected valley, one of the operating com-
panies erected several substantial frame buildings that are still
standing and in good condition. A road 7 or 8 miles long was
built from the buildings at Cold Bay north along the shore to
Trail .Creek and up that stream to its headwaters on the uplan
where the wells were drilled. Drilling operations were begun m
the summer of 1903 and were continued until October, 1904. No
commercial quantity of oil was obtained from any of the wells, al-
though a thick residual oil was reported from several strata pene-
trated by one of the deeper wells,
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From Qtober, 1904, until the fall of 1910 no important oil de-
velopments occurred. In 1910 all the oil lands were withdrawn

- from entry, no title having been granted to any claims in this

region. The next ten years was marked by alack of interest in the
prospects for cil. I'n 1920 Congress passed an oil-leasing bill that
permitted the staking and drilling of oil lands, and a great revival
of interest was manifested immediately, as several prospectors has-
tened to the Cold Bay district, and before the snow had disappeared
most of the promising oil land had been staked. This restaking
of oil elaims marked the beginning of the second period of commer-
cial development of the district.

Prospecting and surveying was carried on vigorously during
1920-1922, and examinations were made by geelogists representing
the United States Geological Survey and severa oil companies. In
August, 1922, two steamers landed drilling equipment at Portage
Bay, and soonthetown of Kanatak, at the head of Portage Bay, was
the.center of great activity. During two or three weeks Kanatak

o changed from atown with a population of 10 or 15 toatypical boom

by

town with a population of nearly 200 and tents, log cabins, and
frame buildings numbering 100 or more. Work was immediately
begun on a road connectingKanatak and thesite selected for drilling,

~ which is 173 miles northwest of Kanatak. The Standard Oil Co.

of California and the Associated Oil Co. are now operating in the
fidd. The Standard Oil Co. has a standard rig and the necessary
equipment to drill to a depth of 4000feet. Power isto befurnished
75-horsepower gasoline engine. The Associated Oil Co. has
two portable Star rigs and intends to use local petroleum residue
as fuel

POPULATION.

The population of this district is normally small but is greatly
influenced by commercia activity. During the period of active
development work from 1902-1904 a number of people were en-
gaged in road work and drilling. The base camp at Cold Bay was
constructed of substantial frame buildings, which were used as a
trading post until the fall of 1921. The trading post for many
years was the center of activity for the district, being the post
officeand source of supplies for the trappers and the natives. The
winter mail for Bristol Bay and Nome was formerly carried across
the peninsula from Cold Bay by dog team. From 1904 until 1920

“perianent White population was limited to one or two at the
trading post and a few trappers and prospectors In 1920 many
prospectors went into the region to stake claims and the United
States General Land Officeestablished some of the land lines, so
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that the claims could be definitely described. Most of the early
prospectors who staked claims did not stay on the ground, but as
interest in the area increased and several oil companies examined
the promising structural features many of the prospectors returned
to protect their interests. Although the only store in the region
vas at Cold Bay no activity was manifest there; asit was too far
from the prospective oil fidd. The native village of Ranatak, at
the head of Portage Bay, became the center of activity. In 1921
two frame buildings were erected there for stores, and severa
smaller frame cabins were built. The post office and store were
moved from Cold Bay to Kanatak. Building and preparations
for building continued on a smalt scale commensurate with s
gradual influx of people until August, 1922, when the drilling
equipment /for the oil eompanies arrived. The population in-
creased from 10 or 15 white people to about 200 within two or
three veeks, and tents and frame buildings of all descriptions
were hastily erected to furnish accommodations for these people.
A townsite was laid out, and an attempt was made to regulate the
location of buildings so that a future readjustment would not be
necessary. | nthefall of 1922 people were still arriving at Kanatak
on every boat, 0 that it is impossible 1O give even an approxi-
mately accurate figure for the population: The future popula-
tion of the town must depend upor the-success attained in the
drilling, as thereis no other activity in the district that could sus-
tain so many people.

Southwest of Kanatak the Alaska Peninsulais very sparsely in-
habited in the area covered by thisreport. Between Wide and @8&
nik bays there are no permanent inhabitantseither alongthec o dor
inland, except at the canneries: near ther mouth of Ugashik River,
At least one white man has lived at Wide Bay for the last 20 years.
During the winter several trappers operate inland from the heads
of some of the bays aong the Pacific coast. These men find: em-
ployment in the canneries at Chignik during the canning seasomn.
Since 1920 there have been severa oil prospectors and land-survey
parties staking elaims or running lines west and southwest of Wide
Bay and also west of Aniakchak Bay. Few of these men remain
in the country during the winter, as the weather does not permit
much out-of-doorwork. A few people engaged in fox farming
occupy some o thesmaller islandssouth of Aniakchak and Chignik
bays.

At Chignik three large saimon cannéries operate about 6gt&&

o the summer aid employ more than 300 white men during the
canning season. These men are brought to the cannerieseither from
Seattle or from‘8an Francisco in the companies ships, which return
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toi the States at the end of the season with the men and a cargo of
canned salmon. The population at Chignik isreduced inthewinter
to 8 or 10 white peopleand 25 natives.

Thereisasmall native settlement at Kanatak which hasa popula-
tion that variesduring theyear. | nthe winter there are 40 or more
nativeshuddled in their small sod houses (barabaras) , butinthesum-
mer they scatter, Some goi ng to the Bristol Bay side of the peninsula
to work in thecanneries and others to the small native village at the
head of Becharof Lake, where they catch and dry salmon for winter
food. Only onefamily of natives normally residesat Kanatak dur-
ing the summer. There is a small settlement of natives at Chignik
aad other small villages still farther southwest. These natives be-
longto the Aleut tribe, whichinhabitsthe western part of the Alaska
Peninsula. It is doubtful if there are any pure-blooded Aleuts at
Kanatak and Chignik, as many of them plainly show Russian ad-
mixture, and it is prebable that all of them have. & least a small
amount. af Russian blood. The natives are all membersof the Rus-
sian ‘Orthodox Church. Each village has a church, usually a sub-
stantial frame building, which presents. a great contrast to the
barabarasor partly underground hutsin which the peoplelive. The
natives still speak the Aleutian language, although many of them
understand Russian. They are not a thrifty set of people, and their
only source of income is hunting, trapping, and fishing, with occa
sional odd jobsfor thewhitemen. Their main articleof food isthe
dried salmon, which they put up in the summer, when fish are very
plentiful.

ROUTES AND TRAILS,

The Alaska Peninsula is difficult of access by land but relatively
easy by boat. Travel on the peninsula in the summer time is con-
fined to.the mountains, as the western lowland is practically impas-
sable to man, exéept by boat on the large sluggish streams. There
are few good harbors, asmost of the bays are either open to the ses,
offering No protection'to boats in storms, or have dangerous un-
mapped r ocks and reefs that makethem unsafe for large boats. The
bays giving possibleaccessto the prospectiveoil fieldsare Wide, Port-
age, and Cold bays. These bays were uncharted in 1922, but they
were examined by representatives of the oil companies, and Portage

Bay was chosen & the most favorable. Subsequent charting of

Bay and Wide Bay by the United States Coast and Geo-
vey has shown that Wide Bag is the better harbor, as
it is wide and deep and offers a” well-protected anchorage for
large boats. Portage Bay offers no protection from south or

‘southeast wnds, and the bay is shallow, so that large boats can

. not approachclose totheshore. About three-quartersof a mile from
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the head of the bay isa réef, seen at low tide, that extends from the
northeast shore mearly two-thirds of the distance across the bay.
Thisreef givessome protection to small boats, but thereisnot enough
anchor reom for large boats between the gently sloping beach and
thereef. There are no wharf or docking facilities at Portage Bay
or at any other bay along thispart of the eoast of the Alaska Penin-
sula except at the three canneries. At Chignik:all freight must be
handled of f Kanatak by small boats or lighters, which are privately
owned. |If the Pearl Creek dome proves to be commercially pro-
ductive, better harbor facilities must be provided.

Most of the freight and passengersfor the Cold Bay district are
routed through Seward or Kodiak. During- the summer there are
four passenger beats a mosnthr from Seattle to Seward and two a
month to Kodiak. During the winter the scheduled number of sail-
ingsisless. Thetripto Sewsard requires seven or eight daysand to
Kodiak eight to-twelve days, depending upenisthe route followed.
From Seward a mailboat having accommodatiohs for-a-few passen-
gers and a small amount of freight sails once a month for Alapks
Peninsula ports.  From Kodiak small boats can be hired t6 transfer
passengers or freight to Portage Bay, the trip requiring-about 24
hours. In the spring of both 1921 and 1922 the Seattle steamer
made one trip into Portage Bay, and doubtless the steamer would
make Portage Bay a regular port of call if theamount of business
warranted it and if some quick and reliable means of unloading
were furnished. Two large freight steamers were chartered by the
oil companiesto deliver the drilling equipment at Portage Bay, and
both steamerslay at anchor in'ths bay:for several days and unloaded
their freight by lighters, being fortunate in having calm. weather.
Any large steamar anchored in Portage Bay would be compelled to
steam out into open water in the event'of.astorm, asit could not, ride
out 5 severe storm in the shallow water o the unprotected, rock-
bound bay.

Travel within the district is fairly easy by foot or with a pack
train, as many traﬂ,s have been beaten out by the numerous parties
that have moved around in the district during the last:two years.
There are numekéus easy passes across the mountains into the in-
terior lowland. . Kanatak has been the headquarters of all the parties
working in the district, and the trails radiate from that point. The
wagon road under construction from Xanatak to the well. sites WI||
make the country around Mount Peulik easily accessible from: Kapa-
tak. A good trsil for pack horses can be followed from Kaxatak
to Cold Bag, the'last 7 or 8 miles being over the wagon road that was
built in 1908 but i s no longer suitable for the use of ‘wagons. From
the head of €dld Bay thereisan easy passinto'the Kejulik Valley,
but at high tide ® bold headland on the west shore 6f Cold Bay ex-
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tends iNto the water and at low tide large boulders make it very
danger ous to take pack animals around the point. Just south of
the headland is a large creek known as Teresa Creek or Schooner
Creek, and near the head of itsvalley an easy trail may be followed
into the Kegjulik Valey. The Kejulik Valey may aso be entered
through one or two low passes from small bays northeast of Cold
Bay, but most of these bays are too shallow even for small boats at
low tide. Within the Kejulik Valley itself travel isnot so easy un-
lessthe foothills are followed closaly, and even then swampy ground
will-giwe sone difficulty. A short distance away from the foothills
.,wps aretherule, and travel with a pack train is extremely diffi-

“cult. Kejulik River isa glacial stream that issomewhat difficult to

cross, asit is cold, swift, and deep. | n itslower reaches it is too
deep for a horse to wade, but in its upper part many placescan be
found where a man can wade it. Over a large part of the valley
moss grows |uxuriantly, making travel both dow and tiresome.
The ecountry northwest of the mountains between Wide and Aniak-
chak bays had not been traveled by pack train before the summer of
1922. The best route of entrance to the district from theeast, so far
asknown, iseither by the Aniakchak River valey or by the valley
at the southwest end of Wide Bay. The country could easily be
réched by means of small boats going up the rivers from Bristol
Bay. The route followed by the Geological Survey party lies be-
tween the main range along the coast and the lower range to the
northwest. Only slight difficulties for traveling by pack train were
encotintered, although several detours in the valleys were necessary
t&"avoid swampy aress. The ridges or spurs extending from the
main range toward the west are rarely more than 1,000 feet above
the valleys at the most favorable points of crossing. Steep dopes
could not always be avoided, and as they were often obscured by
fog traveling vas slow and uncertain. Occasionally short stretches
of trail had to be cut through the alders and cottonwoods. A trail
leads up the valley of Lee Creek at Wide Bay and acrossthe divide
to the Ugashik Lake anticline. This is one of the best routes to
theoil field. At Aniakchak the best route for travel by pack train
is along the beach, asthe area between the beach and the hillsto the
west isswampy; but at Kujulik Bay the best route i son the benches

- back of the beach. Near the southwest end of Kujulik Bay a trail

leads across the mountains toward the west. At low tide the beach
:at Chignik Bay, except at a few places, can be traversed. A wagon
road has been graded from the coa mines on Thompson Creek,
Chignik Bay, to the little bunker on the beach, but it isseldom used.
A footpath follows the benches above the beach from the bunker
to the sand pit.
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Aniskchak and Kujulik bays are uncharted and are avoided by:
seagoing boats, although Aniakchak Bay is reported tO be deep in:
places and is proteeted by Sutwik Island from southwest winds.

OEOLOCY.
GENERAL FEATURES.

The field work-on which this report is based was undertaken pri-
marily to locate, if possible, areas in which the, geolngie structure
isfavorable for the accumulation of oil, and only the prineipal geo-
logic features are here considered. The recent investigation wag-a
combined reconnaissance topographic and geelegic survey, and al*’
though every advantage possibleunder the conditionsof rapid travel-
ing vas given tothe writers, it wasnot expedient to retard thetopo-
graphic work greatly in good weather to afford time for making
a close investigation of interesting geologic features. | n a recon-
naissance examination of this sort little time ig available far the
careful tracing of the contacts between formations. . Lk,

The sedimentary rocks occurring on the Alaska Peninsula (see
PL M11) were deposited during the Mesozoic and Cenozoic eras
and range, with many interruptions in their sequence, from the
Upper Triassic to the Recent. A complete section of the sedimentary
series does not occur at a single locality, and worrelation must be
made from one part of the peninsula to another by means of the
fossil remains of animals and plants. Only a brief description of
the formations will be given here, as they have been described in,
detail in other publications*? and correlated with exposuresin othex-
partsof the Alaska Peninsula and with the bedsat the type localities,

1 Martin, G. C., The petrolenm flelds of the Pacific coast d Alaska: U. S Geol. Survey
Bull. 250, pp.50- 59, 1905; Neteson the petrd eunfieldaof Alaska: U. 8. Geol. Survey BuH.
259, pp. 134-139, 1905, Stanton, T. W., and Martin, G. C,, Mesozoic section on ok Inlet
and Alaska Peninsula: Geol. Soc. Awrica Bll., \d. 16, pp. 893397, 461402, 1905.
Atwood, W W., Gealogy and mineral resources § partsd the-Alagka Peninsula: U. 8.
Geol. Syrvey BII. 467, 1911, Capps, 8. B., The (0l d Bay distriet; U. O Geol. Survey

Bull. 739, pp- 77-116, 1922. Spurr, J. E, A reconnaissance in southwestern Alaska:
U. 8. Geol. Survey Twentieth Ann. Rept., pt. 7, pp. 31-264, 1900.
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Generaliced seetion of the sedimentary rocks in the Cold Bay-Chignik district.
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In the southwestern part of the area recently investigated the
sedimentary rocks are mainly of Tertiary and Upper Jurassic age.
The formations bordering Chignik Bay consist of Upper Jurassic,
Upper Cmtaceous, and Tertiary sedimentary rocks, overlain and
intruded by igneous rocks. In the inland country between the
Cold Bay and Chignik districtslarge areas consist of volcanic rocks
and most of the sedimentary beds are of Tertiary age.

The Upper Triassic beds exposed on Cape Kekurnoi are the
oI dest sedimentary rocks known on the peninsula. The thickness of
bedsis estimated to be over 1,000 feet. They are com-
pomd‘ of sharply folded, partly metamorphosed limestone and
calcareous shale intruded by basdltic: dikes and sills. The limestone
isthin bedded and is black to bluish gray when freshly broken but
becomes light gray upon weathering. The shaleisof various colors
from red to light brown.
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Conformably above the rocks of known Triassic age a series of
about 2,300 feet of beds is exposed along the north shore of Cold
Bay. These rocks have furnished .fossils that are presumably of
Lower Jurassic age though not well enough preserved for positive
identification. The beds consist chiefly of sandstone, limy shale,
and impure limestone. The rocks are somewhat contorted and
faulted; their area is small, and they have not been recognized on
the Alaska Peninsula except back of Cape Kekurnoi.

Middle (%) Jurassic rocks are represented by a marrow belt of
the Kialagvik formation on both sidesof the southwest end of Wide
Bay. These bedsare partly covered by glacial .drift, but where they
are exposed i n contact with the overlying Upper Jurassic rocks there
is evidence of an angular unconformity. Fossils have been found
in the Kislagvik formation at many localities. A few species from
this formation are identical with or closdy related to the Tuxedni
fauna of Tuxzedni Bay, and T. W. Stanton considers the Kialagvik
formation of either earliest Tuxedni age or slightly elder, The
beds consist of about 500 feet of sandstone, sandy shale, and fine
conglomerate. The base of the formation is not exposed.

Theoil seepagesi nthe Cold Bay district occur i ntheUpper Jurassic
seriesof rocks, which has been divided into the Shelikof and Naknek
formations. The Naknek formation,. which is the younger, is ex-
posed throughout the eastern Becharof Lake-and Ugashik Lake
drainage basins and extends southwestward to the vicinity of Mount.
Chiginagak, where it is intruded by large masses of igneous rocks
and overlain unconformably by the Tertiary rocks. Small areas of
the Naknek formation are exposed south of Wide Bay and east of
Aniakchak Crater. The Shelikof formation isvery thick and forms
the coastal mountains between Cold and Portage bays and is present
in the mountains west and southwest of Wide Bay.

Along the west shore of Chignik Bay and continuing northwest
at least as far as Hook Bay Creek, Upper Cretaceous rocks of the
Chignik formation are exposed. The Chignik formation is about
900 feet thick at Chignik Bay. Its extent northwest of. Hook Bay
Creek isunknown. The beds rest unconformably upon the Naknek
formation and are overlain in places by volcanic rocks. The strata
are mainly sandstone, shale, and conglomerate, with some valuable
coal seams.

Southwest of Mount Chiginagak an area of Tertiary rocksextends
to the north side of the upper Aniakchak River valley. The area
is about 40 miles long and from 8 t0 16 miles wide. Wheré the
rocks were examined, on the north and south sides of the area,
they are in contact with large masses of intrusive rocks. The de-
posits are entirely continental so far as observed, and only plant.
remains were found in them. They are about 2,000 feet thick and
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est, unconformably upon a massive gray sandstone, which, although
no fossils were seen in it, is presumed to be the upper part of the
Naknek formation. The Tertiary beds consist of shale, sandstone,
and conglomerate and thin seams of lignite.
The surface rocks in the valleys of streams flowing from the
Alentian Range consist of glacial drift, much of it in the form of
~ small moraines. Most Of the drift was deposited by recent glaciers
and IS composed Of unstratified sand, clay, and boulders. Along
theinorth side of Wide Bay a narrow strip extending about 1 mile
inlgud:is covered with older drift, which is probably of Pleistocene
sgs- The valley floors of nearly all the streams within a radius
of 20 miles from Aniakchak Crater arefilled with pumice and black
volcanic cinders. I1n Lava Creek the cinders attain a thickness of
over 300 feet and form high, steep terraces above the stream. The
hills north and west of the crater are covered t0 an unknown depth
with cinders, -
wL%ﬁw rocks on the Alaska Peninsula are chiefly of volcanic
oxigin &nd nearly all of Tertiary age. |n the north-central part
of the peninsula the older intrusive rockscrop out in a rather broad
belt extending southwestward almeost continuously from Naknek
Lake to thecountry west of Chignik Bay. Near Mount Chiginagak
and also along the southwest side of the Aniakchak River valley
the central intrusion is connected with another belt of igneous rocks
forming the core of the Aleutian Range southwest of Wide Bay.
The greater part of the cape between Portage and Wide bays is
mgdggp of an igneous mass extending inland as far as Lake Ruth.
The mountains bordering Kujulik and Hook bays are almost entirely
composed of rocks of volcanic origin. Dikes and sills are intruded
in nearly all the sedimentary formations. The igneous rocks differ
in eomposition and texture from one area tO another.
The . yocks: of the southeast side of the Alaka Peninsula are
folded into several mare or less well defined roughly parallel anti-
clines and. synclines whose axes extend southwest, in general con-
formity with the direction of the peninsula. Most of the folds
are broad structural features, with dips generally not exceeding 16°.
The anticlinesare rather persistent but are interrupted at places by
igneous intrusions or by major faults.

SEDIMENTARY ROCKS
TRIASSIC ROCKS.

AR
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The Upper Triassic rocks that crop out on Cape Kekurnoi, at the
northeast entrance to Cold Bay (see Pl VIII), are the oldest sedi-
mentary recks exposed on the Alaska Peninsula. Beds of Triassic

. .age are not known elsewhere on the peninsula, but it is possible that
- they underlie large areas and might be encountered by deep drilling
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at WideBay. A detailed section of the Upper Tmassmrocks haslmt
been made, but; in general the lower beds, which are eontorted and
crumpled, consist of hard, dense thin-bedded limestone and |iny
shale cut by dikes and sills of basalt. The upper beds become less
calcareous and more sandy until finaly a dense sandstone is en-
countered, in the upper part of which are found Jurassic fossils.
The trapsition from limestone to sandstone is very gradual, and -
there is no evidence of an unconformity; the Triassic formation is
therefore considéred to end where the sandy phase “begins. The
upper bedsof theseries are not so greatly crumpled and dip 10°:20°
NW.; the strike is northeast, conforming in general to the strike
of thethick overlying Jurassic beds. Calcite stringersare abundant
in thelinest one.

The limestone beds in the lower part of the formation contain
large numbers of the widely distributed Upper Triassic fossil shel |
Pseudomonotis subcireularis Gabb, and a few specimens of a fossil
hydrozoan, Stoliczkaria, Were collected, belonging to - #peties:known
only from this locality i n North Amerma, but found in the:Triassie
of Europe.

Thecontact of the Upper Triss3cand Lower (%) Jurassic forma-
tiong has not been followed acrossthe cape, but the areal extent
the former is probably very small, not exceeding 8 or 4 square miles.
It is exposed aong the beach at Alinchak Bay, the next indentation
northeast of Cold Bay, wherethe succession asreported by Martin®
congists of basic igneousrock at the bottom, succeeded by contorted
cherts that have yielded no fossils, and these in tun a/erlam '
shale and limestone yielding Pseudomonotis. '

JURASSIC ROCKS.

Most of the sedimentary beds of thisregion were deposited during
Jurassic time. The only known sedimentary beds on the peninsula
that areolder than Jurassic are the Triassic rocks just-described.

The rocks included in this group represent largely shoreward
phases of sedimentation. Limestone, which indicates deposition in
deep water or clear shallow water, is entirely absent above the Fri-
assic except where St occurs as large concretions in the upper part
of the Shelikof formation and assmaller concretionsin shaly beds
in the Naknek formation. Sandstone iS the most abundant and is
predominantly arkosic. The coarseness of grain of much of the
sandstone is a good indicator of shallow-water deposition, but: the:="
evidence supplied by the nature of the bedding is mere conélusive.
Mauch of the sandstoneiscross-bedded,and in many places it is inter-
bedded with conglomerate. The conglomerate iS abundant. Some

» Martin, G C., Preliminary report on petrolenm in Alaska: U, 8.  Geol. Survey Bull.
719, p. 58, 1921
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heds are only afew inchesthick; others occur as a series 1,000 feet
or more iN thicknesswith a minor amount ¢f arkosic material. The
material of which they are composed rangesin coarsenessfrom fine
grits to boulders several feet in diameter. These beds of ¢onglom-
crate, included i n formations composed of marine sediments, can rep-
resent nothing ése than deposition in shallow water under shore
conditions, as these large boulders must have been deposited close
to their:source. Shale is abundant, but less so than the coarser °
sedmﬁnta, and even the shale isinclined to be sandy rather than

laseous. Still other indications of the shoreward phase of sedi-
anefitation are the fossl plants that are found in the sandstone and
the small lenses and seams of lignitized wood, which indicate the
presenceof vegetation during the processof sedimentation and there-
fore shallow-water, near-shore conditions.

LOWER (?) JURASBIC ROCKS.

Sedimentary rocks of Lower (%) Jurassic age crop out on Cape
where they conformably overlie the Triassic limestones

miles in a narrow strip crossmg the cape that separates Cold Bay
from Alinchak Bay, to the northeast. Thisstrip isthe only known

arae of Lower (?) Jurassic rocksonthe AlaskaPeninsula.  The beds

show a gradual transition from the underlying Triassic limestone
into the impure limestone and cal careous sandstone and shale that
form the basal part of the Lower (%) Jurassic. There appearsto be
striet. conformity between the two formations, and the paucity of
Fossils makes it difficult to determinethe contact. The poorly pre-
servgifes&ls collected include several ammoniteswhich in form and
sculpture suggest Lower Jurassic genera, such as Arietites, Aego-
ceras, and Amaltheus, but it has not been possible to make positive
identifications. The sedimentary beds tentatively included in the
Lower Jurasgsic are 2300 feet thick. The 1,500 feet at the bottom
may be divided into two pats—a lower part consisting mainly of
Ilmesto;;;e and limy sandstone and shale and an upper part in which
there is a.narrow zone characterized by conglomerate and sandstone
containing abundant bright-red jasper pebbles, brightly colored
greenstone particles, and fragments of carbonaceoussee.  The 800
feet atthetop of theformation iscomposed of a black to rusty sandy
shale with some thin beds of limestone. No fossils were found in
2 1s shale but on the basisdf lithology and field relationsit istenta-
¥ included in the Lower Jurassic.

MIDDLE (1) JURASSIC ROOKS,
‘KIALAGVIK FOBMATION.

The KJaIagwk formation, of Middle (?) Jurassic age, oceurs

: along the sides of the southwest end of Wide Bay and continues a
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short distance inland along the base of the mountains beyond the
head of the bay. (See Pls. VIII and X1.) This formation ig ot
especial interest, becauseit consists of the oldest r ocks exposed aleng
thecrest $ the Wide Bay anticline and isthe only probable repre-
sentative of Middle Jurassic time on the peninsula. It was named
the Kialagvik formation from the native name for Wide Bay, along
whose shore has been found the enly outcrop of the formation on
the Alaska Peninsula On the northwest side of the beg the forma-
tion occurs as a narrow strip about a mile wide extending from a
point near the mouth of Lee Creek to a point nearly 3 miles-ap the
broad glacial valley at the southwest end of the bay. The beds
exposed in the bluffs along the shore back of the sand spit and far-
ther southwest at t he base of the mountains belong te this formation.
The rocks on the northwest side of the bay consist of sandstone,
sandy shale, and conglomerate, which on Short Creek are intruded
by several small dikes and sills The greater part of the area is
covered by glacial drift and by a dense growth ef .
grasses, so that the contact with the overlying Upper Jurassié: bﬁna-
tion is difficult to follow. In the vaBeys and on the shore south-
east of Lee Creek where the contact was observed there is evidence
of an angular unconformity between the two formations. The un-
conformity is most pronounced at the bluff near the mouth of Lee
Creek, where the shale beds of the Kialagvik strike' 8. 45° E
and the overlying conglomerate and the beds in the hills west of
the bay strike southwest. Here the Kialagvik beds can best be ex-
amined at low tide. Toward the head of the bay they are nearly
horizontal.or have very dight; dips to the northwaest.

Theextent of the Kialagvik formation along the southesst’ shore
of the bay was not determined, but it does not crop out at the point
of land projecting toward the islands. On thisside of the valley t.he
rocksarehidden by vegetation. At thebase of thefirst smnﬂ:ﬁi&ier
2% miles up the valley, only Upper Jurassic rocks were' recogmzed
The beds of the Kialagvik formation dip 6° 'S on the southeast
side of the bey and consist of perhaps 200 feet of coarse sandstone
and a few thin beds of fine eonglomerate. From a short distance
the racks appear to be colored light red, but a freshly broken sur-
face of the sandstone is bluish. The greater part of the valley at
the head of the bay is probably underlain by the Xialagvik forma-
tion.

The formation is abundantly fossiliferous. Some of thef,
have led T. W. Stanton to correlate this formation with thé Tower
part of the type section § the Tuxedni sandstone at Tuxedni Bay,
on the west shore of Cook Inlet, or .with beds slightly older—a
correlation which would indicate, that these rocks represent only the
lowér Part of the Middle Jurassic , During at least the greater part
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of Middle Jurassic time either this portion of the Alaska Peninsula
stood above sea level, or dse sediments were laid down that were
subsequently removed by erosion. It is probable that there was a
long period of erosion during the later part of the Middle Jurassic
epoch and that the sediments laid down early in the period were
partly removed at Wide Bay and entirely removed at Cold Bay.
The fossils that were collected from the Kialagvik formation at
Wide Bay have been determined by T. W. Stanten as follows:

11348, No, .P 18. South shore at southwest end f Wide Bay:
. -irxRhynchomella sp.
.. Pinna sp.

Pecten sp.

Inocéramus lucifer Eichwald?

Trigonia sp.

Dactylioceras? sp.

Belemnites sp.

These fossils probably belong to the Kialagvik fauna.
11350. No. F 14. West shore of Wide Bay south of Short Creek. Strati-
Eraphicglly 150 feet above collection ¥ 31:

Ostrea sp.

Trigonia sp., Glabrae group.

Protocardia sp.

Tancredia? sp.

Pleuromye dalli (White).

Natica sp.

Hammatoceras howelli (White).

Hammatoceras? kialagvikensis (White).

Harpoceras whiteavesi (White).

- 4! . Kialagvik fauna

- Y1851, No. ¥-81, /6aDps Jocality 104, Wide Bay:
Pecten sp., smooth form,
Gervillia sp.
Trigonia sp., Glabrae group.
Pleuromya daili (White).
sNgitlea 8p.
Hammatoceras howelli (White).
Harpoceras whiteavesi (White).
Kialagvik fauna
11352. No. F15. Wide Bay, 1 mile up creek southwest of Short G eek:
Pecten sp., smooth form.
Lima sp. related to L. gigantéea Sowerby.
Inoceramug lucifer Btchwald?
Dactylicceras? sp.

These fossils apparently belong to the Kialagvik fauna.
353. No. F 16. Wide Bay, 1 mile up Short Creek:
{Anoteramus luclfer Eichwald?

+ *folominttes sp.
Probably Kialagvik fauna.
11357. No. F.30. 1 mile northwest of Legs cabin al Wide Bay:
Inoceramus lucifer Eichwald?
Inoceramus sp. Larger form with coarse concentric ribs,
Jurassic, probably Kislagvik,
. 768183°—24—12
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11858, No. F:82; 'Float founil.on peint at Wide Bay: T
Inoceramus lucifer Bichwald?
Stephanoceras? <0
The fragment of a small ammonite (Stephanoceras?) in this lot is
¢losely related to if not identical with a form in the Tuxzedni sandstone
and thus spparently gives another tie between the Tuxedni and the
Kialagvik.

The species 6f the Tuxedni fauna described by Wi t e have been
referred by Pompeckj to the upper Lias-—that is; the upper part of
the Lower Jurassic. Hyatt said that the nearest relatives of the
fauna are in the “lowest parts of the Inferior Oolite, in formations
placed by many German and French authors in the upper Lias?
On account of therelationship which the fauna showsto the Tuxzedni .
fauna Stanton refers it to the lower part of the Middle Jurassic.

UPPER JURASSIC ROOCKS.
SHELIKOF FORMATION,

The lower part of the rocks of Upper Jurassic age in the €old:
Bay region is called the Shelikof formation, from the fact that it
is the chief outcropping formation on the northwest share of Sheli-
kof Strait from Katmai Bay to Wide Bay. (See PL VIIL) The
upper contact of thisformation can betraced throughout thedistrict
and is marked by a heavy shale member overlain by the coarse basa
conglomerate of the Naknek formation. The“lower contact was
observed by Capps at only two places—at Wide Bay, where the
Shelikof formation unconformably overlies sandston% of Middle
(8) Jurassic age,and on the northeast shoreof4 Bay, whersthe
Middle (8) Jurassic is entirely absent and the Shellkof rests ON
Lower (%) Jurassic rocks. Although the lithology of the forination
as a wholeis not constant, the uppermost member, a massive black
shale 700 to 1,000 feet thick, containing numerous limestone:denses
and concretions, isobserved in every section. ‘This shale member IS
poorly fossiliferous, but its position, underlying the heavy basal con-
glomerate of the Naknek formation, leaves no doubt concerning its
horizon. Below the massive shale member is 4,000 to 4,700 feet of
massive brown to gray sandstone with minor amounts of shale and
conglomerate. Theshalebedsare thicker west of “Wide Bay than be-
tween Cold and Portagebays, but the sandstone isaot sothick,and the
total thicknessat the extreme southwest end of Wide Bay islessthan
at Cold Bay. Thelower 1,500 feet of theformation alongLee Creek
is chiefly shale with some limy and concretionary phases. At the
base of the shale a bed of coarse conglomerate lies uneonformably
upon the Kialagvik formation. A dark massive sandstone; resem-
bling an oil-impregnated sandstone that occurs on upper Trail Creek

.
o
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at-Cold Bay, is exposed in the mountains 2 miles west of Wide Bay.
The sandstone isabout 50 feet thick in the mountains between the
nai n and west branches of Lee Creek.

The sandstone and shale are locally calcareous, and the sandstone
isin placeslittle more than a sandy shale. The sandstone is also
concretionary in many places, the concretions ranging from small
well-rounded bodies a few inches in diameter to large irregular,
poorly defined masses. At Wide Bay the lower 1,500 feet of the
formation is mostly shale with some limy lenses and concretions.
AtCeld Bay the lower part of the formation is sandstone with a
donglomerate at the base, and below the conglomerate is 800 feet
bf shale that is tentatively included in the Lower (%) Jurassic as
described above. Thisthick series of shale beds; however, contains
no fossils by which its age could be determined, and possibly the

= . ghale does not belong in the Lower Jurassic but isthe age equiva

lent of the lower shale at Wide Bay.

£ beds o0 the islands in Wide Bay differ lithologicaly from
othéfsectmns of the Shelikof formation and are not fossiliferous.
A detailed section of the strata along the southwest shore of the
large island opposite Lee Creek is as follows:

Bection On island in Wide Bay.

Feet.

Thin-bedded bluish shale with lensesof limy concretions—__. 50
'Coar searkosie sandstone with seamlets of coal about 1 inch

thick and thin beds of shale 100

:Massive gray sandstone and thin beds of shale-,, —_. e 105

¢ Rijn-bedded sandstone alternating with beds of shale-, 325

Very massive hard brown to light-gray sandstone___..___ 585

The islands consist of rocksdf the Shelikof formation except sev-
eral small ones near the northeast entrance of the bay, which consist
entirely of igneousrocks. The beds on the islands and the point of
land projecting teward the islands on the southwest side of the bay
dip 6°-24° SE. and form the southeast flank of the Wide Bay an-
ticline. The prevailing dips on the mainland are to the northwest.
Several faults, including one of perhaps.800 feet displacement, occur
in the vicinity of Lee Creek. Some of the shale beds contain lenses
of limestone nodules which weather to a conspicuous light-yellow
color. A freshly broken nodule consisted of dark-blue, nearly pure
limestone yielding the characteristic Upper Jurassic ammonite

xeeras IS found throughout that part of the formation below
the uppermost shale member, and as this same fossil i S characteristie
of the Chinitna shale at its type locality at Chinitna Bay, en Cook
Inlet, this part of the Shelikof formation can be definitely corre-




18 MINERAL RESOURCES OF ALASKA, 192

lated with the Chinitna. The type section of the Chinitna forma-
tion is not as thick as the Shelikof formation, and there i s consideés-
abledifferencein lithology. The Chinitna attainsa maximum thick-
nessof 2400 feet on Chinitna Bay; the Shelikof iS6,000 to 7,000 feet
thick at Wide Bay. The type section on Chinitna Bay is composed
predominantly of shale. The uppermost member of the Chinitna
formation is a series of dark massive shales 500 to 1,000 feet thick,
containing NUMerous concretions and lenses of impure limestone and .
a few fossils. The uppermost members of the, Chinitna and the
Shelikof are comparable, but there the analogy ceases, as tha:rest of
the Shelikof is largely sandstone and the rest of the Chinitns: IS
practically all shale; moreover, as mentioned above, thereis a great
disparity in thickness. The Shelikof formation and the Chinitna
shale are approximately contemporaneous, but the conditions of
sedimentation in the two regions were obviously somewhat different.

The Shelikof formation has an economic significance in the Cold
Bay district, asitisin thisformation that the hopes for s petreleum
industry are centered. Considerable black shale is intermixzed .with
the sandstone of the formation, and it is believed that this shale may
possibly be the original source of the petroleum. Under proper
structural conditionsthe heavy shale member at the top of the Sheli-
kof would form a good cap rock to prevent the escape of imprisoned
gasand oil. Most of theseepagesin the Cold Bay district come from
the Shelikof formation and are approximately alined along the Bear
Creek-Salmon Creek anticline and its prolongation. The seepages
near Pearl Creek issue from the overlying Naknek formation, but it
is possible that the petroleum has been released- from the Shelikof
formation by fissures or minor faults.

NAKNEK FORMATION,

The Naknek formation is probably the most extensive surface
formation of sedimentary rocks on the Alaska Peninsula. (See Pl
VIIl.) The term was originally applied by Spurr ** to a series of
arkose and interealated sills of lava in the vicinity of Naknek Lake,
but the name hassince been used to include a grest series of sedi-
ments, distributed aver a wide area on the Alaska Peninsiila and the
west side of Cook Inlet. The Naknek formation sattains a great
thickness and iswell exposed in the drainage basins of Becharof and
Ugashik lakes and aso west of Wide Bay in the vicinity of Deer
Mountain. It probably extends continuously from Naknek Lake
to the north sideof Mount Chiginagak, where it is intruded by
large masses Of igneéous rocks that form a group of mountains north-
east and west of the volecano. For 40 milessouthwest of these moun-

# Spurr, J. B, A reconnaissance o southwestern Alaska: U. 8. Geol. S8urvey Twentieth
Ann. Rept., pt. 7, pp. 169-171, 1900,
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tains only Tertiary rocks were recognized. The Naknek formation
is again exposed near the divide of Aniakchak River and Lava Creek.
Theoccurrenced Upper Jurassi c rocks between the area visited near
Mother Goose. Lake and the Pacific coast was indicated by the pres-
ence Of float rock containing Naknek fossils at the head of oneof the
westward-flowingstreams.

The base of the Naknek formation, wherever observed in this re-
gion, is characterized by a coarse conglomerate conformably overly-
ing th@ upper shale member of the Shelikof formation and making
thert!fo formations easily separable on the basisof lithology. The
conglomerate is in places separated from the shale by a varying
amount of coarse arkosic sandstone. The conglomerateis composed
of well-rounded boulders of granitic material in an arkosic matrix.
The boulders range in size from small pebbles to large rounded
masses Of rock 6 or 8 feet in diameter, or even larger. Aswould be
expeeted in so coarse a sedimentary deposit, there is great |ateral
variation in gharscter of material and in the thickness of the forma-
"The conglomerateis interbedded with arkosic sandstone, and
latemlly it grades into the sandstone either by thinning out or by a
gradual changein the coarsenessof the material. Northeast of Cold
Bay the conglomerate itself is much finer than that between Cold
Bay and Portage Bay, asfew boulders over a foot in diameter were
seen, and the average diameter was not more than 2 or 3 inches.
Near thecrest of the range southeast of the upper part of the Kejulik
VaIIey the conglomerate at the base of the Naknek formation was
ated to be 40 feet thick and is overlain by 500 feet of coarse

arkokic ‘sandstone, which in turn isoverlain by several hundred feet
of- ﬁner-gramed sandstone. | n the vicinity of Pearl Crek there is
a massve conglomerate nearly 900 feet thick underlain by several
hundred feet of interbedded sandstone and conglomerate and over-
lain by arkosic sandstone and massive conglomerate, the whole series
being approximately 2,500 feet thick. [|n tracing the conglomeratic
phase of the basal Naknek southwestward from Cold Bay it can be
observed to thicken gradually from 500 feet near the head of the
Kejulik Valley to the enormous thickness exposed in the vicinity
d Pearl Creek and Deer Mountain. There appearsto be no break in
sedimentation within the formation, so it is probable that more de-
tailed work will show that the thick series of conglomerate and
arkose in the Pear|l Creek area changes into finer sediments toward
ther “rftheast and that the relatively finer sandstone and shale over-
'Iymg the conglomeratein the Kejulik Valley were deposited at the
sametime as the upper part of the coarser sediments.

A conglomerate |lying at the base of the Naknek formation has

been mapped as a separate formation on the west shore of Cook
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Inlet.** This conglomerate is typically exposed on Chisik Island
in Tuxzedni Bay #nd has been named the Chistk conglomerate. : Tt
occurs below the Naknek formsation as there mapped and overlies
the Chinitna shale, which is the equivalent & at least a part of
the Shelikof fermation, and therefore this conglomerate is in the
same relative position as the conglomerate exposed in the Cold
Bay district. The Chisik conglomerate closely' resembles the con-
glomerate at the base of the Naknek formation at Cold Bay, as
it is composed of large well-rounded boulders of granitic material.
No fossils could be found in the conglomerate of either area, but
the stratigraphic position and lithologic character of the congloti-
erate at Cold Bay suggest its correlation with the Chisik conglom-
erate. It would be difficult t0O map the conglomerate at Cold Bay
as a separate unit, however, because'of its great lateral variation
in thickness and in coarseness. Furthermore, it appears to be an
integral part of the Naknek formation, andin the wnters OpL_m“
it should be classed as the basal part of the Naknek &Hé o
rather than distinguished by a separate name.
Between Mount Peulik and the south arm of Becharof Lake a
thick section of the Naknek formation is exposed. (See fig. 2)
Here the basal 2,500 feet of conglomeratic and arkosic beds are
overlain by 1,600 feet of sandstone that is mainly arkosic but does
not contain any interbedded conglomefate. Above this sandstone
is about 1,500 feet of sandy shale that Capps considered as repre-
senting the highest Naknek beds outcropping in the region and is
well exposed on the west shore of the southern arm of Becharof
Lake. These beds make a total thickness of about 5600 feet of ‘the
Naknek. The roéks exposed around the old crater of Mount Peulik
consist largely of sandstone and conglomerate that aresimilarin char-
acter to the conglomeratic phaseof thelower part of the Nalmek for-
mation, but they contain more sandstone, are about 1,600 fsét thick,
and are overlain by about 700 feet of sandy shale whick immediately
underlies the lava flow on the southeast side of the crater. The
stratigraphic position of the beds beneath the lava flow issomewhat
in doubt, but it is probable that they are to be correlated with the
shale beds exposed along the upper arm of Becharof Lake. West
of the old crater is exposed a series of sandstone and conglomerate
which may be higher in the stratigraphic section than the shale
member underlying the lava flow. There is no great thickness of

consolidated sedimentary racks west of the crater between the edg@ - e

o the lava flow and the unconsolidated Recent deposits near the
shore of Ugashik Lake, under which the sedimentary rocks dip.

wMartin, G. €., and Batz, F. J., Geologic reconnaissance § the Ilamns tegion, Alaska :
U. 8. Geol. Survey Bull. 485, pp. 68, 69, 1912. Mofiit, F, H, The Iniskin Bay district:
U. 8, Geol, Survey Bull, 739, p. 119, 1922,
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No fossils could be found in these rooks, but litholegically they
can not be distinguished from the underlying rocksof known Naknek
age, 0 they are provisionally included in that formation. Exten-
sive faults were not observed around Mount Peulik, but it is prob-
able that considerable movement has taken place, making the deter-
mination of the correct stratigraphic position of thestrata aproblem
requiring detailed work.

The rocks of the Naknek formation that crop out in the Kejulik
Valley (see PL. 1 X) are somewhat different in lithology from those
just deseribed, Which crop out around Mount Peulik and on the

“Pearl- O eek dome. They are of much finer grain considered as

a whole and contain a greater amount of shale. The beds appear to
~ be enormoudly thick, but the apparent great thickness is thought

to be duein part to repetition of the same beds by faults, although

.—enly a few minor faults wereseenin the valley. An estimate of the

thickness made from the dips of the beds across the valley without
postulatmg faults g ves a thickness of 11,000 feet.
he*WEa8t "conglomeratic phase, as described above, thins from a
series 2500 feet thick at Pearl Creek to about 500 feet of coarse
arkosic sandstone with 40 feet of conglomerate near the basein the
Kejulik Valley section. Overlying this coarser phase and con-
tinuing across the Kejulik Valley, as far as the survey was carried,
the rocks consist mainly of fine arkosic sandstone with numerous
thick beds of dark shale. This variation in the character of the
sediments from Pearl Creek to the Kejulik Valley is natural in
view of the differences in proximity to the source and the rate of
nentation that must have prevailed. These rocks were mainly
deposﬂ%d in shallow water, as most of the sandstones are cross-
bedded and some of them contain lignitized plant remains. To sup-
ply sediments 0 coarse as those that make up the Naknek forma-
tion in the Cold Bay field erosion must have been very rapid, and
the material must have been transported by short, swift streams, as
this coarse material could not have been moved far from its source.
Such conditions, though commonly observed to persist during short
periods, rarely continue for so long a period as that represented by
the basal part of the Naknek formation.
The fossilsthat were collected from the Naknek formation in 1922
have been determined by T. W. Stanton asfollows:

11323. South side of cresk that drains Kanatak Lake:
. Pteria sp.
*” Nucula sp.
Cardium?
Jurassic. Formation not determinable from these fossils; pessibly
Naknek.,
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114 |In guleh 2,250 feet 8. 60° E. from forks in south fork of Burls Creek:
Aucella sp. related to A erringtoni {Gabb),
Inoceramus sp.
Astarte sp. _
Phylloceras €p.
Belemnites sp-
Jurassic: Naknek.
1135, Three miles up Teresa Creek from shore:
Pecten sp.
Pteria 5.
Aucella sp. related to A. bronni Lahusen.
Nucula sp.
Pleuromya gp.
Jurassic; Naknek.
11332, One mile north of sgddle at head of Teresa Qeek:
Aucella sp.
Nucula 9.
Astarte? sp.
Patella sp.
Undetermined smalt slender. gastrepod, N o
11333, Basal Naknek on west side of range across from Alincfik
Aucella p. related to A. bronni Lahusen.
Nucula sp.
Pleuromya sp.
11334 1600 feet southwest of junction of Bast Fork and Kejulik River:
Aucella pallasi Lahusen?
Lima sp.
Pteria .
Jurassic; Naknek.
11329. About 1 mile northwest of Kejulik River and 2 miles southwest of
point where two large tributaries comeinto river:
Pecten Sp. RES5
Lima sp. vy
Astarte . .
Jurassic; Naknek. )
11336, Two mies up from Kejulik River along eastern of two tributaries
nmientioned under 11829:
Pecten sp.
Lima sp.
Lima? sp.
Aucella sp.
Leda? sp.
Astarte sp.
Turbo? sp.
Jurassic; Naknek.
11331. In canyon near head of East Fork of Kejulik River:
Anomia? sp.
Lima sp.
Aucella sp, related to A. erringtoni (Gabb).
Pleuromya sp.
Belemnites sp.;, |large phragmacone.
Jurassic; Naknek.
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11383, No. F 37. Shale on bank of Kejulik River, northeast of Becharof
Lake:
Amberleya sp. This is a fine specimen, but the range of the species
is not known.
11344. No. F 1. Kanatak. ¥rom shale just beneath Naknek, 100 feet higher
stratigraphicallty than Capps locality 1-79 (1921).
Pteria sp.
glrjgrl#r%a?gdon 5D,
Astarte sp.
Balamnites sp.
JFurassic; nothing distinctive to decide between Chinitna and Naknek.
11345. No. F 7. Across divide at head of Ugashik Creek.
Cidaris? sp., fragmentary imprint.
Pholadomya sp.
Phylloceras sp.
Jurassic; probably Naknek.
11346. No. F 8 Shale just below Naknek conglomerate. West bank at head
of north hranch of Big Creek, Wide Bay:
i .. Cldaris? sp.
Pteria sp.
Grammatodon sp.
Solemya sp.
Turbo? Sp.
Undetermined gastropod.
Apparently belongs to same fauna as 11344, probably Naknek.
11359, No. F 33 Gates of crater, head of Aniakchak River :
Aucella pallasi Keyserling?
Pleuromya sp.
Phylloceras? sp.
Naknek fauna.
11880 No. F 34. Fossil Creek, north of Lake Becharof. Collected by
Dr. Laymore:
Aucella pallasi Keyserling?
Naknek fauna.
11348. No 12. Erma Bay, south of Wide Bay:
Lima sp.
Aucella pallast Lahusen.
Naknek.
11364. No. F18 8 miles southwest of Wide Bay:
Aucelsa sp. related to A. erringtoni (Gabb).
Fragments of undetermined ammonite and belemnite.
Naknek fauna.
11356. No. . 26, East bank, near head of Lava Creek:
Aucella sp. related to A. bronni Lahusen.

.. Thehighest part of the Naknek formation north of Mount Chigi-

nEpEk consists of a thick series of dark-yellow to brown sandy shale
which lies above the interbedded conglomerate and arkosic sandstone.
The shaleis somewhat similar in appearance to the shale in Ugashik
Mountain and yields the same fossils—severa species of Aucella.
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The uppermest member of the Naknek formation exposed near the
headwaters of Aniakchak River and Lava Creek consists of about
200feet of very massivelight-colored sandstone, which isnot fossilif-
erous and does not show any bedding planes. Throughout its thick-
ness it is reticulated with a network Of calcite veinlets, which in
places are so numerous that the rock appears aimost white and can .
be recognized from a distance. Many small slickenslides occur in
the sandstone. It is possibly the uppermost member of the Naknek
formation known on the peninsula. The sandstone is overlain un-
conformably by the Tertiary formation. The rocks lying conform-
ably beneath the sandstone consist of brownish thin-bedded sandy
shale that issimilar in character to the sandy shale near Mount
Chiginagak and Becharof L ake and yields the same species of fossils.
The base of this shale is not exposed in the Aniakchak district.
The baseof the mountains formingtheeastsideof Aniakchak Crater
is composed of sedimentary rocks belonging to-the Naknek forma
tion. The unconformity between Upper Jurassic and Tertiazy
can be plainly seen on part of the inner wall of the crater. e -
extent of the formation southwestward from the crater is not
known, but it occursin the mountains at the head of Hook Bay
Creek and inland west of Chignik Bay.

UPPER CRETACEOUS ROCKS.
CHI ONIl K FORNMATI ON.

Sedimentary rocks of Upper Cretaceous age are represented 0nl'y
in the extreme southwestern part of the area examined during, the
summer of 1922, These rocks, occurring aong the wes; shore of
Chignik Bay, on Chignik Lagoon, and on the upper part of Hook
Bay Creek (see PL VIII), were studied and mapped in 1998 and
later described by Atwood.* ‘The Chignik formation consists of
sandstone, shale, conglomerate, and some valuable coal seams. These
beds rest unconformably upon the Naknek formation and are over-
lain by vast quantities of volcanic tub and basic lava flows in the
Hook Bay area north of Chignik Bay proper. The sandstone mem-
bers of the formation range from fine even-grained sediments to
grits, and some of the sandstone has a light-green color when fresh
but weathers to black and shades of brown. The conglomeratesare
conspicuous membersin tha series, but they are not as thick asthose
of the lower Naknek, athough similar in appearance, cons
pebbles of granite, greenstone, and quartz as large as 4 |nches in
diameter. There are lenses of shale and sandstone in some of the

1 atwood, W W.; Geslogy and mineral resources d parts of the Aldéka Peninsula:
U. S Geol. Survey Bil. 467, pp. 41- 48, 109-114, 1911
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conglomerate layers. Concretionsand ripple marks areseen at many
places in the sandstone beds.

The extent of the Chignik formation northeast of the head of
Hook Bay Creek was not determined, but it probably doesnot extend
more than a few miles, for the rocks in that area as seen from a
mountain top west of Kujulik Bay appear to be volcanic. The beds
on Hook Bay Creek strike N. 15° E. and dip 8°-60° SE. Thereis
evidence of much faulting, although only minor displacementswere
noted. The beds at this locality consist chiefly of sandstone, with
miner amounts of shale, conglomerate, and coal.

The Upper Cretaceous sedimentary rocks yield both plant and
shell fossils. Several collections of shells were made at the head of
Hook Bay Creek and northwest of the sand spit on Chignik Bay.
The Chignik faunais in part somewhat similar to that of certain
beds in the Chico formation of California and in the Nanaimo on
VancouVer |sland.

[ T TERTIARY ROCKS.

Tertiary rocksoccupy an area of at least 600 square miles between
Mount Chiginagak and the north side of the Aniakchak River val-
ley. (See PL VIII.) This area, which is about 40 mileslong and
from 8 to 16 miles wide, forms a narrow basin between the main
Aleutian Range on the southeast and the lower range on the north-
vest. These mountains bordering the Tertiary formation consist of
intrusive igneous rocks. The Tertiary rocks are possibly of late
Eocene or Mioceneage. No invertebrate fossils were obtained from
them, but several lots of fossil plants, which Arthur Hollick has
identified, were collected from the upper part of the formation.

The beds in the area between Mount Chiginagak and Aniakchak
River have a total thicknessof at least 2,000 feet and are composed
of shale, conglomerate, and sandstone, with some thin seams o lig-
nite. East of Mother Goose L ake the lower 800 feet of theformation
consists predominantly of bright-colored shale and thin beds of
sandstone.  These thick beds of shale were seen only at one locality.
The base of these beds is not exposed, and their relation to the over-
l'yi ng sandstone and conglomerate was not determined. The upper
200 feet of the shale does not yield fossils; the lower beds exposed
were not closely examined. The carbonaceousshale and thin lignite
bedsof the formation at other localities were entirely lacking in these
shale beds. A section of the overlying beds is as follows:
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Section of upper Tertiary beds between Mount Chiginagak and Aniakokak

River.
Feet.
Bppermost beds of bituminous shale yielding fossil plants;

thin beds of sandstone and conglomerateeee—_______  300%
Coarse dark to light gray sandstone and fine conglomerate, 105
Light-yellowish shale with thin seams: of lignite near the
top 75
- Coarse thm-bedded sandstone containing pebbles near bhe
base
Yellow shale with 6-inch seams of lgnite.
Alternating beds of sandstone and shale g
Chiefly shale with thin beds of pebbly sandstone—.____._____
~ Coarse massive sandstone
© Dark thin-bedded shale

sgfeas

1,370

The beds are not persistent and the stratigraphic sequence could
not be recognized from one locality to another, except the beds con-
taining fossil plants, which occur over a large part of the area
Northeast of Aniakchak River the greater part of the section belew
the fossiliferous shale consists of thick beds of fine to very coarse
conglomerate. The pebbles are as much as 3 inches in diameter
and'aps usually wern very smooth. They consist of rocksdf volcanic
origin; occasionally a bright pebble of jasper is seen, and locally
quartz pebblesare numerous. The pebblesare cemented by amatrix
of hard coarse greenish sandstone which formsabout half of the rock
materigl. The following section was measured near the contact of
alargeintrusion:

Section of¢ upper Tertiary beds 10 miles southwest of Mother Geose Lake." B

Feet
Coarse pebbly sandstone and conglomerate____ __________ 30

Light-colored sandstone, fine conglomerate, and mipor. .
amounts of shale.._. : EERTIE 1
Coarse massive sandstone and fine conglomerate_—— ... 40
Sandy shale and thin beds of limy shale - 55
Pebbly arkosic sandstone and conglomerate . 5
Sandy blue and yellow shale 40

. Arkosic pebbly sandstone and conglomerate some thin beds

" of fine-grained sandstone , 70
 Unexposed _ — e TB
- Bandy limestone - 20
470

This section represents the highest Tertiary beds that were ex-
amined and is higher than the preceding section.

The strike of the beds in the entire area is predominantly south-
west and the dip from a few degrees to 40° —— There are local
changesin strike, end in afew places the dips are reversed, but in
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general the whole area has been tilted upward and forms a mono-
cline on the west flank of the Aleutian Range. The formation is
not greatly faulted, although a fault of considerable displacement
vias noted southwest of Mount Chiginagak. Many small intrusions
of andesite and granodiorite in the form of dikes, sills, and a small
laccolith occur in theformation. A few milesnorthwest of the lower
Aniakchak River valley the Tertiary rocks are overlain by vast
quantities of volcanic tuff and breccia. In the lowland at the head
of Aniakchak Bay there are several exposures of pebbly sandstone
benesth the volcanic rocks. The age of these rocks was not deter-
mined, but they are probably Tertiary. Thin bedsdf coa are re-
ported from the cape between Aniakchak and Kujulik bays and
indicate either Tertiary or Cretaceousrocks.

The rockswest of Amber Bay are of sedimentary origin, but they
were not examined, and their age is unknown. The upper beds are

g:;bably Tertiary. The strike of these rocksis N. 60° E. and the
< W.

b T AR
e T

QUATERNARY DEPOSITS.

The Alaska Peninsula has been the scene of active glaciation, but
the glacial deposits that naw remain there are not very abundant.
There are two types of valleys, which may be classed as glacial and
postglacial. The postglacial valleys are relatively small and V-
shaped, but all the larger mountain valleys are of the typical U-
shape due to scouring out by glacial eroson. Many of the present
streams head in small glacial cirques, and some of the cirques con-
tain emall lakes Of Clear water. Theonly glacial moraines observed
in the Cold:-Bay distriet were between Mount Peulik and Becharof
Lake. The topography of that part of the district Is the typical
morainal topography, with low mounds like so many piles of débris
and numerous small lakes hidden away among the hills. The mo-
raines wherever visited are composed entirely of volcanic material
o thesamecharacter asthelavas that were poured out from Mount
Peulik. It is believed that these moraines represent the deposits
from a slowly retreating small alpine glacier that descended from
the volcanic pesk.

The Kejulik Valley contains no terminal moraines in the area
visited. The valey itself, during glacial time, contained a trunk
glacier fed by numerous small glaciers that entered from nearly
all the tributary valleys on the northwest side and from some of
thess'on the southeast side. Some erratic boulders of basaltic rock
are seen ON the low hillsand elsewherein the main valley, regardless
o thetopography. Most of the tributaries of Kejulik River, enter-
ing from the northwest side, flow through wide, deap, U-shaped
valleysshowing the scouring effect of theice that previously aimost
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filled them. At present therearesmall tonguesof ice at the heads=of
moat of these valleys, and the water of Kejulik River hasthe mitky
color characteristic of streams of glacial origin. i

Glacial drift, some of which is probably of Pleistocene age, occurs
at a few localitiesin the region southwest of the Cold Bay district.
Small patches of glacial material occupy the intervalley areasin the
slightly elevated irregular plain between the west shore of Wide
Bay and the mountains. These deposits are not conspicuousand are
probably not thick, although in many places they obscure the under-
lying consolidated rocks. The greater part of the drift iS unas-
sorted and has the heterogeneity of material and size characteristic
of glacial till. ¥t is composed of clay, sand, gravel, and large
boulders. Many of the boulders are striated and are smooth and
flattened on one gide. |n the higher mountains there is evidence
of vigorous glacial activity during Pleistocene time. The broad,
steep-sided valleysextending inland from the heads of thebaysare
undoubtedly the result of ice scouring. Cirques, U-shaped valleys;
and rounded, surfaces of bare rock are common physiographic
features that indicate extensive glaciation in theregion. Thegreater
part of the morainal material was either carried directly to the sea
or hap been washed away by recent streams. Many of the valleys
and the lowland in the northwestern part of the peninsula probably
contain more Or less glacial material of Pleistocene age whieh has
been worked over and redeposited in recent time.

I n the high mountainsof the Aleutian Range between Wide and
Anijakchak bays numerous small glaciers, some of which areseveral
mileslong, exist at the present time. Morainal deposits at ths héads
of the valeys, especiadly southwest of Wide Bay and around the
base of Mount Chiginagak, are formed by these glaciers. Most ‘of
the streams that carry the finer material from the glaciers build
deltasf mud and clay in the lakes or bays.

Regent deposits of alluvium, glacial drift, beach sand, delta sand,
and pumice form the surface material of many of the valley bottoms
andstpgtchesdf sea and lakeshores. Thealluviumconsistsof uncon-
solidated clay and gravel which have resulted from the erosional
work of streams, waves, and wind. Sand. dunes and old sea beaches
accur at the heads of many of the bays. Between Aniskchak Bay
and the hills to the west nine crescent-shaped beaches can be dis-
tinctly seenintheform of low ridges, eonforming in direction to the
present shoreline. The nature of the geologic work did not permit
accurate mapping of the alluvium, but the larger areas have been
indicated on the map. (See Pl. VIIL.)

On ghe northwest slopes of Mount Peulik the streams have cut
deep, narrow valleys into a thick series of unconsolidated gravel,
composed of subangular basaltic pebbles and boulders which range
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from afraction of aninchto severa feetin diameter. | nsome places
the streams have cut 30 or 40 feet into the gravel. This gravel is
believed to be autwash from the mountain, the streams being greatly
augmented by the great banks of snow that accumulate on the moun-
tain side each year. Still higher on the mountain boulders of ba-
saltic rock 10 or 12 feet in diameter are scattered promiscuously on
the surface; these were transported to their present position by
melting snow and the action of gravity.

Large quantitiesof pumice and fine voleanic ash have been thrown
out of Aniakchak Crater over the surrounding country in Recent
time. . Much of the ash has been washed from the mountains and
concentrated in thevdleys. (SeePL VIII.) Thethicknessof these -
deposits ranges from an inch of fine material 25 miles from the
crater to at least 200 feet at the head of Lava Creek, 5 miles from
thebase of thecrater. The physiographic features of the area within
a radiys of 10 miles indieate the enormous amount of material that.

jectedfrmt the crater. The bottoms of the Aniakchak and
river valleys have been completely filled with ash and cin-
das At the present time the valley floors form a broad, nearly
level plain with a few isolated sharp-peaked mountains surrounded
by the ash deposit. Since the eruption the streams have been con-
tinually transporting pumice and the fine ash to the sea. Small
pieces of pumice can be seen moving rapidly aong the bottom of
Aniakchak River. Some of the transported material forms barsin
the bay, but much of it has been thrown back on the beach ang has

- madea remarkableserlesof seabeaches

gy 3.

IGNEOUS ROCKS.

A variety of igneous rocks are seen in the Cold Bay region, but
most of them are the result of voleanic activity. A quartz diorite
stock forms the rugged hills on the promontory between Portage
Bay and Wide Bay. (SeePls. VIII, X, and XI.) A few dikes
that are not shown on the maps cut the Triassic limestones and the
beds of the Shelikof formation. Mount Peulik, the most striking
topographicfeaturein the region, isa recently extinct volcano stand-
ing on the rim of an older crater. Lavas from these craters have
spread over a moderate area in all directions. North of Mount
Peulik, on the south shore of the main body of Becharof Lake, is
a volcanic neck surrounded by a greatly dissected cinder cone

== North sf Cold Bay are the Kejulik Mountains, with their lava-

cappéd ridges and jagged peaks of igneous rocks.
Cape Igvak, between Portage Bay and Wide Bay, with its high,
rugged mountains, is composed of plutonic igneous rock. The in-

"=z trusive body isabout 10 mileslong and 2 mileswide, elongated in a
“-meariy north-south direction. On the seaward sides, except at the



190 MINERAL RESOURCES OF ALASKA, 1022,

. outer extremity of Cape Igvak, the intrusion iS bordered by & nar-
row fringe of sedimentary rocks, which have been altered by the heat
and hydrothermal action attending the intrusion. The sedimentary’
beds are cut by the intrusion but not flexed. Good exposures Of the
contaet between the intrusive rock and the sediments can be seen
at several places; but easily accessible points are in the cirque above
Kanatak Lake, near the head of the lagoon on the west side of
Portage Bay, and at the head of the lagoon indenting the cepe at
the northeast end of Wide Bay. The most striking feature that im-
preses the observer from a distance is the rich brown eolor of the
hills adjacent to the intrusion, which is in marked contrast to #he
more somber color of the hills elsewhere in the region. Upen'closer .
examination the sediments are bound to be richly impregnated with
pyrite, which, when exposed tO the:agents of weathering, becomes
oxidized and iniparts the familiar iron-oxide coloring. Abundant
tourmaline iSfound near the.contact as a: bhckﬁbmus aggregate in
thin sheets Or in: masses several inches in dian i the igneous
rock. Small veins composed 4lmost wholly of magnetite cut (9
igneows rock at Kanatak Lake. Theigneous rock is a quartz diorite
and is a medium to coarse grained light-colared rock in which
abundant black glistening' flakes Of biotite and crystals of horn-

" bleade can be seen On fresh surfaces. Microscopically the rock vas

found to contain biotite, hornblende, quartz, and andesine: plagioclase,

with: subordinate amounts of augite, orthoclase, magnetite, and
apatite.

The age of this intrusive mass can not be closely determined, but.
asit cuts the youngest sedimentary beds which are included in:#he
Upper Jurassic Naknek formation it is post-Jurassic. As-the sedi-
mentary beds are not flexed at t he contact of the igneous rock, there
must have been a heavy load of overlying sediments at the time of
the intrusion. Thisassumption isfurther borne out by the cearsely
crystalline nature of the igneous rock itself, which indicates dow
cooling at considerable depth. Subsequent to the intrusion a long
time must have elapsed to permit the removal of the overlying
sediments, for at present the igneous rock is well exposed, form-
ing high, rugged mountains. Glacial cirquesare cut into the quartz
diorite at the heads of the valleys in severa places where the
streams and iee have cut through the bordering sedimentary beds.

The intrusive mass trends a little northwest and is thus nearly
transverse to the structural trend of the sedimentary rocks.  A$
Portage Bay the Bear Creek-Salmon Creek anticline phmges
toward Cape Igvak, and at Wide Bay the Wide Bay anticline also
plunges toward the cape, forming a low point or saddl e between the
two parts Of the snticline, and the intrusive body of quartz diorite
cuts agross the saddle. From the description of the geologic struc-;
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ture N the Cold Bay region (p. 195) it is seén that nowhere dse
bave the azes of the anticlines been folded to form asaddle, and it
may besignificant that the intrusive mass is associated with the only
known fold of thiskind. The interpretation of the rélation.depends
to:a-large extenit upon the time relations of the period of folding
and the period o deformation. The geologic récord: IS far-from
. complete, and the most that can be certainly’ statéd with :present
kmowledge isthat both the intrusion and the folding cecurred after
the deposition Of the Upper Jurassic sediments, which are cut by
the intrusive mass and are involved in the folds. However, from
the field relations it seems probable that the period of folding pre-
eaded: the period Of intrusion, and thelocation of the intrusive mass
in the saddle isbdieved to have no genetic relation with the saddle:
A dike at Portage Bay cuts both the Shelikof -and Naknek forwia-
tions and is described as diorite porphyry heavily impregnated with
pyrite. This'dike iS undoubtedly an offshoot “frém ‘the intrdsive
mass deseribed: dbove. Basaltic dikes cut the<Shelikof formdtion
snd [ the Upper Triassic limestones at Cold Bay. Some of the
basalts may be |ava flows interbedded with the Triassic limestone;
Themare nearly thirty active or recently active voleanoes®” on
the Alaska Peninsula and the Aleutian Islands, and probably many:
more than that have been long extinct and subsequently dissected.
The Cold Bay- district presents no exeeption to 'the history ef
volcanic activity so characteristic of the rest of the peninsula. ¥t
contains no volcanoes that are active now, but former activity
hs Jeft a clear record in the district. The most recently iaective
sleano is Mount Peulik (see P1. X), which is 'the most ‘protuinent
topagraphm feature on this part of the petinsula, rising to a
height of 4,806 feet, and it has 0 recently become extinet that it
-still retsins its eonical shape. The present voleano stands on' the
- riri .of aw older crater which is drained by Hot Bprings COréeky
through a degp, narrow gorge cut in its rim. I n the center of the
~erater rises a large purplish cone-shaped hill, which represents
either the core of the ancient volcano or a more recent subsiditiry
dome. Thewallsof the erater are composed of wupturned shale, K-
glonierate, and sandstone, overlain by basaltic lava flows. ExX& @
for the Rot Springs Creek gorge the rim sf'the drater IS intact and
T rises to a height of 2,000 feet, inclosing a great éircular basin '2:
miles across, in the middle of which the dull-pur$le cone rises d&
e hgh as the rim. Basaltic lava flows have been poured out’ in: &l
ditgstions from the craters of both the ancient voleano and- th@
present Mount Peulik. - g

r
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North of Mount Peulik three low hills rise out of Lake Becharof
and are Gonnected 4a the Shore by a narrow strip of land whichiis
very low;and swampy. These hills are prominent; not because: of
their grest height:but becsuse they rise. directly out of the water
and becanse they comtrast strongly with the low rolling topography
adjacent; to the shores of the lake. They are the remnsnts of a
volcanic done which has been dissected by eroson. #The middle hill
of :the three is compesed of diorite porphyry and represents.the core
of the aneient voleano. The hill on the south side of the volcanic
neck iScompesed of éemented ash and cinders, roughly stratified snd
dipping away from the core The smaller hill, north of the other
two, wasnot visited, as itsexistence was not known until the
vas seen'from the southwest, but it is doubtless also made up &
cemented cinders and ash representing another flank of the cinder
cone. 5

The :Kejulik Mountains trend northeast: and: are: about 15 miles
northwest of Cold Bsy. Near their janction with the constel moun-

tains is Mount Mageik, the active volcano nearest to' Cold Bay. -

Great volumes of steam ascending about 3500 feet in the air are
frequently emitted by thisvoleano. From favorableplaces near the
head of Cold Bay can be seen other volcanoes giving df quantities
of steam, but these are all farther northeast along the peninsula; in
the vicinity of Moun$ Katmai. The Kejulik Mountainshave a very
rugged appearance, 'showing numerous jagged peaks d igneousrock
and lava-capped ridges. No distinct craters can be obsarved from
the vdley, but the extent of thelavas that can be seen on many of
the ndgeeﬁuggests that lava muss have been poured out from ssveral
openings.:: The Kejulik Mountsins, if extended southws ; W
would inchide MoungsPeulik, and the dissected volcane' Yying morth
of Mount; Peulik and other volcanic areas on the peninsula seuthwest
of Mount Peulik would line up with thissame:general trend. ‘A line
of weakness appears to exist dong the peninsula in this-region;
localizing the yoleanio activity, and there must be a genetic re
between the diff erent: volecanic ant .

An extensive ares pf granite was reported to occur on the west
shore Of the south atm of Becharof L akenear the mouth of Featherly
Qeek.  An outerop of arkose was found 2 or 3miles from thie mouth
of Feathesly Creek.im the creek bed, and it is believed -that this
arkose was mistaken ifor a granite, as it was classed a5 an.arkadse
Wth some hesitation ix t he fidd. Mlcroscoplc determination, howi

&

%
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ever,lpaves NO doubt #8 tO its sedimentary origin. The topagraphy:

and structure of the area adjacent to Becharof Loke do: ot sug-
gest the presence o -granitic rocks. The south arm o the [ake

lies in a syncline, and normally the younger rocks shéuld be ex-

posed near the axis of a syncline, rather than the basement rocks &
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upon Which they were deposited. |f the granite had been intruded
sdbsequent to the deposition of the Jurassic sediments, later erosion
it 'would have uncovered it would have cut away the soft sand-
aﬁone and shale much faster than the granite, which would havs
been Jeft as'rugged peaks and elevated masses. Such forms do not
occur in the Fatherly Creek region, where the fower part of Feath:
erly Gresk flows through a low, slightly rolling country, such as
would be produced by the physiographic development of the 'region
in'thesbsence of any intrusive masses.

-: Fhe-igneous rocks in the area southwest of Wide Bay, as in most
other parts of the Alaska Peninsula, are chiefly of volcanic origin
and:are composed of andesitic and basaltic flows, tuff, and volcanic
breccia Dikes, sills, and laccolithic intrusions are aso of frequent
occurrence throughout the region.

The MO conspicuous Massof igneousrocks mapped in the region
extends from' the southwest end of Lower Ugashik Lake to Anjak-
chalk: Ordter; in the central part of the peninsula.  The lower chain
of mountaing west of the main Aleutian Range is composed entirely
of thig -central igneous mass. In the lowlands that border the
Bering Sea and extend westward from these igneous mountains
isasmall isolated group of mountainswest of Ugashik Lakes. This
group was not visited, but from its physiographic expression and its
position in respect to the known igneous rocks it is probably part
of the same mass. Specimens collected from various parts of the
large igneous mass have been determined to be andesite. Segrega-
tionsof red jasper in theform of stringers and small irregular veins
occur shbundantly in these rocks, and crystal aggregates of stilbite
were found scattered over the surface of some of the mountains.
Theentire mass of andesite iSdf a light-red or pink ecolor, which, to-
gether with the rugged crests of the mountains, distinguishes ths.
igneous rocks from the dark- gray sedimentary rocks of the region.
H om a distance the igneous rocksin several localities appear to be
rudely stratified, with a strike and dip accordant with those of the
contigaous sedimentary rocks.

The core of the main range along the Pacific coast between Wide
and Chignik baysconsistsof large massesof andesite, quartz diorite,
and basalt. The eastern boundaries of these igneous masses were
not mapped, but volcanic rocksdf various types are reported tO oeéur
along the coast from Wide Bay to Chiginagak Bay. Atthe head of
the valley ‘southwest of Wide Bay is a large mountain composed
aimﬁsﬁﬁenurely o dark columnar basalt, into which a small glacier'
has dub &éep}y, forming a steep wall in which the basalt columns are
well exposed. “Fhey stand vertically, are about 1 foot in dmmeter
reach 20 feef Or move in length.
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The sides of Mount, Chiginagak appear to be partly covered mwith
recent lava flows, which are reported to extend tO sea level at the
head of : Chiginagak Bay. The bass of the volcano on the west side
ip formed by sedimentary rocks. A narrow Strip of guartz dierite
about 2 miles wide-extends from the northwest side of Mount Chigi-
nagak and-merges | MO0 the central ignepus area.  On the south isa
belt. of:sedimentary rocks, probably Upper Jurassic, which extends
toward the coast. .These rooksare intruded northwest of Amber Bay
by alarge mass of igneousrocks. @Y the western border of this
area was examinedy but many mountains with the: sharp. crests ehar-
acteristic Of igneous rockswere seen towdrd the sast. The specimens
examined from this area range in character from basalt: to diorite:

The largest area of igneous rocks in the region is foutid west of
Aniakchak and Kujulik bays, where at least 200 square miles is
eovered t0 an unknown depth by andesitic flows and coarse voleanic
breeois Or agglomkrate. ThiSarea extends about 16 miles up Aniak-
chak River and laterally from a point 2 miles north of :the: river
southwestward te-the northern entrance of Chignik Bay: The. area
narrowstoward the southwest end of Kujulik Bay but includes parts
of the peninsulas between Amber, Aniakchak, Kujulik, and Heck
bays. The physical character and texture of the rocks vary some-
what throughout: the area, but they we all varieties of hornblende
andesite and pyroxene andesite. The greater part of this igneous
breccia isiN the form of angular fragments cemented together by
a matrix of similar composition but in part differing in color from
the fragments:; .Nolcanie tuff and breccia of thiStype occur in many.
parts of the Alaska Peninsula. As described by Atwood,*

The' fragments’ ideluded in this tuft range up to 20 feet in diameter; com-
manly their dimenslons vary from 8 to@ifeet. Indiviinal blocks -display the
darker shades of ¢, green, and gray.: Seme of theblocks are distinetly black
and. g1l of them show a scoriaceous texture, The tuff is poarly stratified but

appeays to have been in part, at least, laid down in water.

"This description fitS therocksin theregion west of Aniakchak and
Ku;uhk bays except where they am less noticeably scqnace(ms and
thmugh the tuff.. At one locah_ty west Of the eentral ,shqr@ hnq of
Kujulik Bay a quartz vein about 3 feet widewas noted. Silicified
tree trunks 23 feet in diameter are embedded in the igneous material
north of thelong spit an the shore of Kujulik Ray. :Smaller frag-
ments of silicified wood were found on the mountains west ;of the
bay, where the volcanic. rocks are st | east 1,000 feet thick, : ,A,_ igh
pionacled mountain about § miles southeast of Anmkcha.k Crater
does. not; consist..of thebrecciated material but is compesed of massive

® Atwood, W, W,, Geology and mineral ﬁmrces o pbzts of ’fh’é'mﬁa Peninsuls. :
U. A Geol, Survey Bull, 467, p. 70, 1811.
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hommblende andesite. This mountain is probably older than the
fows.

9Near1y all :the igneous masses southwest of Wide Bay are either
introded through the Tertiary rocks or have flawed out over-their
surface. Similar igneous rocksin other partsof the peninsula have
beer considered. chiefly of late Eocene or Miocene age. At several
localities, especially at thehhead of thevalley southwest of Wide Bay,
the intrusive masses are found only in Upper Jurassiec sedimentary
rocks.and may possibly be older than Tertiary, but their similarity
to known Tertiary intrusive rocks and, in one place, their eonnection
with such rocks make it probable that they are of the same age.
¥Voleanic activity has undoubtedly been continuous on the Alaska
Peninsula since early Tertiary time.

STRUCTURE.

PR GENERAL FEATURES.

:‘Ekeéstructure in the Cold Bay district issi mple and iS character-
ized by lurge featuresthat can be easily followed in the mountainous
pédrt of the district. The sedimentary beds have a northeast strike
and adominant northwest dip, but this general attitude is inter-
rupted by at least two and probably three lines of foldsand faults
that are approximately parallel tO one anothér and to the coast.
One line of folding extends through Wide Bay and Portage Bag
to Rex Creek, a tributary of Dry Bay, and is continued northeast-
ward through Cold Bay and an unknown distance northeast of Cold
Bay by a fault. Thesecond line of folding i sa well-developed anti-
cline Iying 8 to 15 milesinland and extending southwestward from
Mount Burls. Between these two anticlinal folds lies a’ synclinal
trough extending northeastward through the southern arm of Be:
charof Lake and possibly into the Kejulik Valey. (See PL IX))

folds have been fully described by Capps,*® but a brief de-
seription of the folds will be given here in order that the.reader
-1may have a general knowledged thestructure of the region and its
wdlation to adjacent regions.
" The lineof folding and faulting nearest the coast has been divided
into three parts called the Wide Bay anticline, the Bear Creek-
Salmon Creek anticline, and the Dry Creek fault. The Wide Bay
anticline (see PL XI) isdescribed in detail on pages 201-202.
= At Portage Bay the extension of the Wide Bay lime.of ;folding is
geen:as & plunging antieline that rises ontheeast side of: the bay and
spreads out within a short distance to form the Bear Creek-Salmon
‘Creek anticline. This anticline, which is conspicuous and well de-

- veloped; extendd.from Portage Bay across the headwaters of Bear

««««««
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Creek and Salmon Creek and gradually flattens out near Rex- Greek,
atributary of Dry Bay. The southeast flank of the anticline dipa
only 82 to 5%,-but'the northwest flank dips about 16°. The sediments
exposed over thefold consst o sandy shale of lower Shelikof age
néar the crest and progressively younger beds on the flanks, the
Nakriek formation cropping out far down on: thé northwest flank,
The Shelikof iSthe only known 0il-bearing formation i this region,
and it is deeply eut by erosion on the crest of ¢he antichine. The
lower: 1,000 feet of the Shelikof formation at Wide Bayiis made up
predominantly of shae. Little isknown Of the distribution: of the
formations below the Shelikof, as it was deposted on at eroded
surfaée. At Cold Bay the Shelikof is underlain by Lower (%)
Jurassic sediments, so far asknown, and at Wide Bay it is underlain
by the Kialagvik formation, of Middle (%) Jurassicage. The areal
extent of theseformationsand the possibility that either oned them
contains oil are not definitely known, but no oil hasyet been found
in the formations underlying the Shelikof in the Cold Bay distiict.
The Bear Creek-Salmon Qeek anticline flattens out northeast of
Rex Creek and is succeaded near the head of Trail Gek by the Dry
Creek fault. This fault. cuts acrossthe head of Cold Bay, and two
parallel faults appear on the northeast sde d the bay: The south
side of the fault has moved down zelative to-the nerth side, and
severa outliersof Naknek rocks have been formed. The maximum
displacement is believed to occur on the west side of Cold Bay near
the mouth of Teresa Creek and is estimated by Capps to be 2,500
feet. The fault continues an unknowm distance northeast of Celd
Bay.

The next structural feature northwest of themain line of deforma-
tion just described isthe Becharof Lake syneline. (Seefig 2, p: 202.)
Tkis isa broad, open fold extending southwestward from the sexth
arm Of Becharof Lake and.possibly northeastward into the Kejulik
Valley. The syncline is asymmetric, having dips averaging 15°
en its sontheast flark and only 8° on its northwest flak On the
west shore of the south arm of Becharof Lake, in the trough of the
syncline, a seriss of shale beds that contain numerous fossiliferous
limy concretions and are estimated to be over 1,000 feet thick nmay
represent the' hi ghest Naknek beds known in the region. The rela
tion between this shale and the sandstone and conglomerate that
crop -out around Mount Peulik is not known; but if the relation is
not complicated by concealed faulting, the sandstone and eonglom-
¢rate With some shale exposed around Mount Peulik must:be:the

youfigest sediments that crop out in the Cold Bay region:and may
be dither the hrghest Naknek or some undetemned. yoﬁxger forms-
tlon. ‘
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«The Ugashik Creek anticline lies northwest of the Becharof Lake
syncline and extends southwestward from Mount Burls. This anti-
¢line shHows its maximum development between Mount Lee and
Mount Demian on the east and the old crater of Mount Peulik on
the west, where the strata are arched into a dome that is locally
éalled the Pearl Creek dome. Southwestward from the Pearl Creek
dome the antielinal fold flattens, and in the vicinity of Deer Creek
it disappears entirely. The dome is slightly asymmetric, and the
axia} pline is inclined to the southeast, in the same direction as
the other folds in the region. The southeast flank has a maximum
dip of ‘about 30°, but dipsas high as 69° have been recorded on the
northwest flank. The rocks exposed over the dome belong to the
Naknek formation. Between the crest of the dome and Mount
Peulik about 4,000 feet of Naknek sediments are represented. Be
tween the crest of the dome and the axis of the Becharof Lake
synéline, to the southeast, about 5000 feet of Naknek sediments am
well éxposed. (See fig. 2)

Owing to the great lateral variation in the sediments it was not
poss1ble to determine the exact position in the Naknek formation
of the rocks exposed on the crest of the dome, but they seem to
belong in the lower part of the formation, an inference which means
that the Shelikof formation is probably covered at the crest of the
dome by only 200 or 300 feet of Naknek sediments.

The Pearl Creek dome, which is now being exploited, offers more
promise Of containing commercial quantities of petroleam than any
other structural feature in the Cold Bay field. The main features
that make this dome the most advantageous place to drill are the
well-developed elosed structure, which is so favorable to the -reten-
tion of petroleum, and the presenceof the unexposed Shelikof forma-
tion, comprising a thick series of sandstone and interbedded .shale
that ¢onstitute potential oil-bearing beds overlain by 1,000 feet of
shale that forms an impervious cap rock.

" A less important feature of thestructure of the region isthe up-
turning of the strata around the old crater of Mount Peulik, This
phenomenon is ME apparent from points within the crater itself,
vher e erosion has cut stream valleys around the periphery of the
inner cone, exposing the sediments that were cut through by the
volcanic neck. Around the southern half of the crater thestrata dip
from 8° to 18° away from the volcano; around the northern-half
the: sedimentary roeks are not exposed. This upturning is believed
to be very local, as thedip of the sedimentary beds where they crop
out beyond the lava flows does not show any definite relation to the
volcano. It is probable that the volcano broke through near the

| - epest Of an anticline and that many of the apparently inconsistent
- dips are the combined result of a changein direction of dip at the
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crest, of the antigline and the secondary local upturning of: the
sedimentary beds around Mount Peulik.

The.general strueture of the sedimentary rocks southwest of the
Cold@ Bay distriet iS monoclinal, with a prevailing southwest strike
and dips of 4°-42% NW. A narrow asymmetric fold issuperimposed
upon sthe moneelisie 10 miles southwest of the lower end of King
Salmen Lake. This fold is local and can be follewed only a few
miles across a high ridge, although it may continue for a short
distanpe in the valley north of the ridge The strike of this small
antichine isN. 40% E.  The southeast flank isabout half & mile wide
and dips,4°-6° 8E. The northwest flank extends about 2 miles
from the axis and dips 8°-15° NW. The upper strata exposed
along: the anticline belong to the Tertiary formation, which is
at-leagt 2000 feet thick at thislocality. The underlying beds are
prebably Upper Jurassic. Unless a detailed study reveals more
favorable structural and stratigraphic features or indications of ol
that were overlooked in a hastily made reconnaissance, the possibility
of obtaining ail within moderate drilling depth on this anticline is
small.,

The, crest of a:broad anticline extends northeastward. across the
dividg from the north side of the upper valley of Lava Creek to the
hesdwaters of Cinder Cresk. (Sea Pl. XIL) This structural
feature, which has been named the Elephant Mountain anticline, is
probably park qf the main-anticlinal fold of the Aleutian Range. A
description of it _'ﬁ given an page 204,

AREA NORTH OF MOUNT PEULIK.

- The investigution around ithe north side of Mount Peulik in
{see: PL. X) &id not supplyF much imformation additional to that
obtained by Capps in 1921, as the greater part of the area is masked
by lava flows glacial débris, or mountain outwash, making it im-
possible to determine the character and attitude of the sedimentary
bds. Immediately north of Mount Burls the Ugashik: Creek anti-
¢live flattens out abruptly- end merges into the northwest limb:of
Becharof | ake syneline. Qbservations on Fatherly Creek
that'the syncline extends that far, although somewhat flattened,
owing to the:disappearance of the anticline. The maximum dip
observed on therorthwest flank of the syncline north d the end of
the! Ugashik Créck anticline is 10°. One erratie dip of due north
was'seen i N the bank of the creek that marks the eastern econtact of

lava with‘the sediments and flows northward into the main part

of' Becharof Lake. No other consolidated sediment — rocks were

seen ‘north of ‘Mount Peulik in an area of about 76:s¢uare miles,

hich is coveréd by lava flows and glacial débris.” "West of Mount
o

SR
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Peulik thé consolidated sedimentsarecovered by an unknown thisk-

“ness df mountain outwash composed of basaltic ‘boulders. ‘Outerops

of consolidated sedimentary rocks reappear beneath the lavas' dus
west Of the old crater of Mount Peulik. The outerops are véry

- small, and only one wasfound to have the dominant northwestward

dip.: Southwest Of the crater several outcrops show a northeast’
strike but dip to the southeast. Theselocal observations suggest an
anticlinal fold with a northeasterly trend and with flanks dipping
28° NW; and 15°8E. Such ananticline, if itreal |y exists, may have
been*formed by the intrusion of the igneous core of the older vol-
eano; With which it isso closdly connected. The force of thisin-
trusion-complicated the system of folding by bowing up the strata
immediately sround the contact, and then the outpouring of lava

- effectively concealed the sedimentary rocks. On the east side of’

Mount Peulik, near the edge of the lava flow, the sédimentary beds
dip:southeast, forming the limb of the Becharof Laké synchlie bt
southwsst of Mount Peulik the sedimentary beds.in one oliterop dip
sorthivest. |f the dominant dip in the region iSnorthwesterly, as it
seems to be the sedimentary beds of the northwest limb of the’
Becharof Lake syncline would naturally be expected to flatten out'
and then to dip to the northwest, in conformity with the major,
structural trend, thus forming an anticline. The northeastward
extent of such an anticline can not be determined, but it may extend
out into Becharof Lake and across Severson Peninsula, where the
rocks aresaid to have a northerly dip. The other anticlinal folds in'

. the Geld Bay district have gently dipping southeastern flanks and

méie! stesply dipping northwest flanks, and the scanty évidence’
would: indivate that the supposed Mount Peutik ahticline’is no ex-
ception, A ‘close éxamination of Severson Pefiinsula would'be neces-
sary to verify the existencedof this anticline. Even if 'it existsit is
not likely tO prove of economicimportance.

KEJULIK VALLEY.
The sedimentary beds in the Kejulik Valley(see PL IX) hava not

been folded into- definite anticlines and synclines, like the beds' in’

the areas farther southwest just described. The dominant' stive-
turd festurs is a northwestward-dipping monocline showing miio:
variations in the amount of dip. The highest dip recorded is 25°,
atid from this dip the angle decreases with minor variations until

i thé beds become horizontal, and still farther northwest the strata

afdtiarhed up the other way,, giving low dipsto the southeast, away
fromy th¢ Kejulik Mountains. The consistent and uniform dips add
%ell-developed folds that occur southwest of Cold Bay and Beth-
arof Lakedo NOt persist into the Kejulik Valley. Itispossible that
the Becharof L ake syncline iS a persistent structural feature extend-
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ing along the east side of the south arm of Becharof Lake and
thence jnto the Kgjulik Valley. If so the monecline Which ocen-:
pies nearly the entire valey represents the south [imb o the synelina;
The area Of momoclinal dip may be divided into four zones—twa
of steeper dipsand two of relatively low dips. Steep dipsoccur ab
the extreme southeast edge of the valley, in the high hills immediately
north of the head.of Cold Ray. A dip of 23' vas recorded at the
contact.of the Shelikof and Naknek formationsat the crest of one
of these hills. The first zone of steep dips is about 23 miles wide,
from the hills at t he head of Portage Creek to alineextending from
the forks of Margaret CeK to the head of Albert Creek. Within
this zone the dips gradually decreasefrom 23" on the sewtheast side.
to 8° at the northwest.  Thislow di p iSarbitrarily assumed t¢ mark
the begi nni ng of the first zone of flatter dip, which isa little over
amile.wide. About 24 milesfrom the head of Albert Creek the dip
increages rather abruptly from 10° to 22°, thus marking the end of
the zone of low dips. The steep dip of 22" does notpersist and
gradually decreases t0 8° or 9° within Smiles, so that the second zone
of relatively steep-dips endsat alinedrawn N. 65° E from the june-
tion of the East Fork with Kejulik River. Northwest of this line
the dipsareall bw, averagingabout 7° in a zone about 4 miles wide,
Kejulik River flaws through this zone, This northwestern limit of
the valley and of the monocline ismarked by am upturming of the
strata against the Kejulik Mountains, This upturning is particu-
lar$ noticeableat thehead of thevaley. Thisresulting trough may
represent the extension Of the Becharof L ake syncline, Or it may he;
genetically related. to the forces that caused the intrusion Of the:
igneous rock ingo the Ke}tglk Mountains. Future investigation
may determine the exact relation Of the sedimentsto-the igneous
rock, but SO much low land with mo rock outcrops intervenes be-
tween Becharof Lake and the upper part-of the Kejulik Valley that
it has not been possible to trace the rock structure between the two
areas. The gradual regiona flattening of the dip from the south-
toward the Kejulik Mountains woulll suggest that the reversal

of the.dip is a atructural feature which is not primarily related te:

the mountains but which may have been slightly medified by the:
intrusion of the igneous rocke. (The syncline may represent the
extension Of the Becharof Liake syneline, and the upturning of the
strats against the mountains may represent onelimb of an anticline
along which thq igneous rocks were intruded and which might be:
extended to join the anticling supposed to underlie Mount Peulik.

This hypothesis is supported by observations made farther northeast:
on, the peninsula by Spurr,” whe says: ‘

‘#8purr, 3. B, Areconnajssaneeinsouthwesterhmm U. & Geol ‘Britvey Twentleth
Anp. Rept., pt.7,w.1§6,233,1900» i
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- -Qu,each side of the chain 04 volcanoes whieh form the axis of the range the

tified- rocks dip away very gently and are dightly undulating. * * =*
The Mne of volcanoes is along a belt where the lava has broken up through
the sedimentary Jurassic rocks, tilting these very gently on both sides away
ftom the mass.

The zonesaf low dip and of relatively steep dip do not form large,
pronounced structural features but simply show minor variations
of the monoclina dip. The strike of the rocks would carry these
zones across the coastal mountains into an area not covered by this
report, and within the valley the evidence for some of the zones s
based upon only a few outcrops. Owing to scattered erratic dips .
ahd the grading of one zone into another,, the placing of the border
lines of each zoneis somewhat arbitrary, but it is believed that the
descriptions given essentially represent the conditions existing in
thevaley.

W DE BAY ANTICLINE.

The'Wide Bay anticline (see FI. X1) isafoldof large dimensions,
but unfortunately the greater part of itscrest liesbeneath the waters
of the bay, and the detailsof the anticline can not be studied. This
anticline is a continuation of the Bear Creek-Salmon Creek anticline.
which extends northwestward from Portage Bay. On the cape be-
tween Portage and Wide bays the line of folding is interrupted by
alarge igneousintrasion. HaM the northeast end of Wide Bay the
anticline extends to the head o the valley at the southwest end of
the bay. The southeast flank is represented by the group of islands
add.point of land partly inclosing thebay. The nerthwest flank is
from 5to 8 miles wide and isformed by the westward-dippis ‘beds
in the mountains on the mainland. The anticline s termihated at
thehead of the valley southwest of thebay by |arge masses of igneous
rocks.’ ‘Someof theigneousrocks, especially the basalt, may beonly
surface flows, but alargeintrusion of quartz diorite near thislocality
iS probably deep seated. Farther southwest the rocks were not ex-
amined, but it is quite likely that the anticline reappears, inasmuch
asthe crest of the Aleutian Range i sstructurally agreat anticlineor
antmhnornim However, the mountainous country between Wide
and Amber Bays isvery rugged and difficult of access

The lowest beds exposed on the Wide Bay anticline are part of
the Kialagvik formation, of Middle (P) Jurassic age. These beds
a¥e exposed from the banks and bluff closeto the beach southwest of

-5 g %@fegk to and beyond the head of thebay. Thethicknessdf thig

and the character and age of the underlying beds are
not Knowit: - The Shelikof formation, of Upper Jurassic age, over-’
lies the Kialdgvik formation unconformably. The unconforimity .
shows that éfésion and deformation of the Middle (%) Jurdsdic
rocks occurred before the Upper Jurassic sediments were deposited.
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If folding took place before Upper Jurassic time it may have been
slight and loeal; but it would have significance in the accumulatioi
o oil, provided "oil is present beneath the Wide Bay aaticline., The.
bedsof the Kialagvik formation for half a mile northeast along the
beachffrom the mouth of Lee Creek can be seen at low tide stnkmg
out in the bay at an angle of nearly 90° to the axis
of the Wide Bay anticline. This unconformity does
not appear so well marked elsewhere, but other dis-
cordant dipswerenoted. Only at the extreme south-
i 1 west end of thebay do the Middle (?) Jurassié beds
e ;:’ conform in strike and 'dip to the overlying Shelikof
o o) formation. At other localities the lower beds are,
3 < either horizontal or are discordant with the Upper
" § "Jurassic beds The apparent irregularities of the
lower beds, which in places strike transverse to the
£ axisof the Wide Bay anticline, nay be of such mag-
3 nitude as to form suitdble reservoirs: for && ,& oare
o should be taken in selecting a well site.

The exact loeation of the axis of the Wide Bay
anticlinecannat bedet er mned, ias its crest is eovered
by the bay or the alluvium in the valley. However,
- the axis is probably eloser to the shore of . the:main-
«land than to the islands. At severdl places along
the northwest side of the bay $he beds are nearly
horizontal; The beds in the islands dip 6°-24° SE;

- rand are probably vl down on the southeast :ﬁa.nk;
. of the anticline. | . o5 AT

ey e
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. The most promising fold for the acgmmulgtmn of
011 in commercial quantities in this zegion is the
Ugashik Creek anticline. (See PL X and:fig.2)
This anticline estends from. Burlis Mountain, pear
the source of Featherly Geek, southwestward about
16 miles to Deer Creek It lies within the nerths
eastern part of the drainage basin of Upper Ugashik
igE® . Lake and isfrom 8te 12 miles m;,mi from. Portage
¥ and Wide bays. The northeast end of the antieline,
., . ,which is now being drilled for oil, is a well-developed
dq;;ne, referred t0 above ast he Pearl Creek done, on which the;e;w
several seepages and two patches of oil residue. Special atie
was given during the recent investigation to the southwest q;;d oi the
anficline. Where the fold crosses Crooked Creek both limbs dip 12°,
by, the d p .become gradually less toward the so.uﬂ;west, until at
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sDeer- Creels the anticlinediesout into a monoahne with only horth-
west dips.

The axes of the Becharof Lake syncline and the Ugashik Geek
anticline, which are about 5 miles apatt ‘betwesn upper Becharof

- Lake and the Pearl Creek dome, converge in the vicinity of Meore

‘Cfreek until they are only 3,000 feet apart. Where, the synclinal
approaghes the antmhne athrust, fat of considerable displace-
v.mqn; o(;curs along the crest of the anticline and. parallel’to the

;qig the synclme The bedson the northwest flank of theantieline

oore, break are undisturbed and dip 4° NW. . The overthrust
)eds, which are composed of conglomerate and arkosic sandstone,
ﬁ;p 19°-—35° SE. The angle o the fault plansis about 45°, whmh

d the antlclme« undisturbed at a moderate depth Ho?wgver, the
am,m ;whmh« 0il could accumulate on the southeast: fatik isi very
ggg.gg hereas ‘ther dips on the northwest flank are gentle but extend
Jepst_ fo. Ugsshlk Lake. The fault was traced about 2 rhiles.
thwest of Moore Creek the syncline swingsto the sduth, toward
Degr Mountain. : The anticline, continues as far as Der Creek; but
it is:more in.the nature of & terrace than a well-developed fold.
.y Bocks of the Naknek formation exténd over the entire:avea of the
Ugashik Creek anticline except near the mnortheast end, where
igneons racks ogoupy asmall area. in the vieinity of Mount: Peulik.
Toward the southwest end of the antieline the surface rocks are-com-
M of  conglomerate, arkosic sandstone, and thin beds oOf shalé,
Paxt:nf which represent the conglomerate at the base of the Naknek
formetion.. - The; basal iconglomerate: of the Naknok: iscexéeedingly
variable in thiekness, At Cold Bay it is only:70 féet thitk;but alotg
Jee Creekiat-Wide Bay the member iSrepressated: by at-lenit: 8,000
£ ebaglgmerdte and arkosie and. pebbly .sandstone. ” In the
walley of Deer Creelonear. Deer Mountain 2,000 feet 6f rather massive
conglomerate is exposed. Where the anticline' crosses Ugashik
Mountain the beds dip southwest, forming part of the Pearl Creek
dome. These beds are not exposed on the anticlinesouthwest of the
moyntain, illthgough,L the altitude is'no greater than.at Ugsshik Creek.
He .drilling would propably be necessary on.the enticline
to the southwest than on the dome. '
- wells that are now baing drilled at the most favm‘&ble gifas
¢ should demonstrate whether the southiwestern: part:of
EaanLl —».,Greek anticline is worthy o a test by drilling: :By
means;ut.@mell Jog and a detailed stratigraphicstudy o the:strata ih
UgashikiMoungain and along the anticline farther ‘southwest, with
the tluckgm qi;the N&knek conglomemte in: mlnd, it shmztd be

wat b, o {p'F ol CUWES laaol

Loy
shmg (AU 1l




204 MINEBAL BESOURCES OF ALASKA; 1992,

possible ‘to make fairly accurate estimates of the depth to i;hé"ml

honzon at different locahtles
) HRETR S T

EIEEH{&KT MOUNTAIN ANTICLINE.

'I‘Ke Elepha:xit ‘Mountain anticline {see PL XII) is the only Jargg
antieline in thetégion so\ghvVest of Wide Bay. It les close to ‘the
divide betweén'the Pacific Ocean and Bering Sea ‘drainage and ex-
tends from the north bark of upper Lava Creek’ northeasi;Ward across
Elephant Mount ai n to the héadwaters of Cinder Creek. ' The dojiitry
beyond Eava Creek in the direction of the anticline is Wry“ Ugped
andrdome Of thé'mountains are Gomposed Of igrisous rocks. ' ‘Severyl
imttusive dikes and SillS oceur along the crest and on the limbs!of
ihesanticline: “The extreme outer flanks of the anticling an Lava
Qreek and the middle part Of Aniskchak River dip 18° to 45° and
are 12 miiles apart. Both flanks catt be seen 'from Pinacle Moun-
#ain: . Along!thy axis of the mafii #htiélitie the difs §% gémb ‘wid
tha:beds are felded into several smalF antickines and syhclines whodb
axes roughly parallel the muin line of ‘folding. These stpdrpossd
folds. ar e diffieult t0 follow across the rugged country!” The'axis of
one.of the small anticlines is neadly parallel with the valley' of
Wiggly Creek;j:and the flanks’ Of ﬁus -anticline: 4re ‘ﬂa’ri‘w, vhth
dips of 2° to 69,

+ The mainiline of folding'is ‘probubly part of’the principal dﬂtl-
cline O the Aleutian Range. Thi S structursl feature, although
braken in several places, extends through the greatsr part of the

Alagka Peninsula. Intheareabetweenlﬁvwﬁneekmd‘ﬂhm L

Craker the antinline rises. and flattensout: - The oldestirocks expokell
omithe, crest: .0f , the -anticline ‘are'part: 6f the Nukneld forinatiet..

Thase-heds wrop out in-e-gmall arearon ths north sidé/of Liava Ureek

~ #alley and in several mountains towsid the southwest; includingithe
south side of the crater rim. .The/ surfdce:vocks over the: gmm
part of the Elenharnt Mountain anti«ﬁne are: Tertmry L

NS ;f,r ;: “1;*‘

~,¢..‘: ‘14:. Ten

, !‘AULTS oot L

!i‘he de%fdmtxon in the ‘Cola"Bay’ &étricii has ndt‘ 'b%e‘n Iﬁirké@
byiisevere fauflting. The only. reserded fautt of ‘any viothbls side s
the one described by Capps, which' crosses ‘the hesd’ of ‘Cold Bay.
‘Thiis fault-hes a maxishusm ‘dfspiacement 022,500 Peet on’ ‘the west
shore of Cold Bay, but:the throw seemisto &ecrease both' gou _—
atid northeast from that point. ' The seuthwestward extentyof
fault is not known, but it exterds at least to the head' ofBry“(’}féek .

. noptheast of Cold Bay the fault has not been followed: Al few small
faults were also mapped:sowthwest of Cold Bay, but il 6f them are
of local extent. North of Cold Bay, in the Kejulik Valley, o few
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sama}l fault planes V&re seen near the point of upturning of the sedi-
‘ments against the Kejulik Mountains, but nowhere is there much
if any displacement alongthesefaults. | n other places in the valley
eratic (ipS were seen that may represent [ocal faulting, but no fault

- jplanes were seen in conjunction with them. North of Mount Peulik

the sedimentary rocks do not crop out and if faults are present they
can notbeseennn the surf ace

: j MIHERAL RESOURCES

sl :\'?' »{:‘
PETROLEUM.

.The presence of petroleumin the sedimentary rocks of the Alaska
Peninsula is disclosed by seepagesthat have been reported at several
plaops from time tO time. The earliest reference to petroleum on
the penmsgl& was made by Davidson? and Dall% in 1869, when
they, reported & seepage near Katmai Bay.” Subsequently seepages
weme seen im the Cold Bay region and have been,reported, around
.Amo.kqhak Bay and Chignik. NMNHE of.the seepages reported baye

y, in the region that has become popularly known ag the Cold -

ﬁeld where patches of residye and seepages have.been seen
atsevem} places.

The, petroleum seepages in the Cold Bay. fiel d have bqg,n t}@mxxbegl
by Capps,? and the following descriptions are taken., .substantially
from his report. The seepages are in two groups lying along the
two lines of anticlinal folding. Several seepageshave been reported
Along the Bear Creek-Salmon Creek anticlineand neer the extension
(AXIS at . ;he head of Oil,Greek. TwO seepages occur on the
{“‘*;;eem dome,- a part of the Ugashik Creek anticline. | (See
£g.9.)... The largest seepageisfound at the head of il Creek in
me Ea.gt field, where oil, gag and water emerge as a.streng spring
.angd, the evaporation of the more volatile constituents. of 'the. il
has leit a la.mge area of a viscous black residue 1 to 6 feet $hick.
The, flow of this seepage was estimated by Capps ek o.bout ‘half.n
ha:;ralofml aday., -On Oil Qeek bdow the resi duepnpeb thexe ave

several seepages that yield a small flow of oil. Other #epages are
repomd from the South Fork of Rex Creck, and one:each frem
upper Bear Oreek.and Samon Creck. All these seepsges sre on
the Bear Creqk-Salmon Creek anticline, but they emerge from
sandstone of the Shelikof formation well down on the flank ¢f the
M?tu

'I'wq;mdue pat ches occur on the Pearl Creek dome. (@ near
the month of Barabara Gek on its north sideiSsimilar in smmmd

"‘Daviduﬁr,lingé,CoastPﬂo'tefAlaska, 1869, p. 36.
. M Dall, W. H.,, {8em; D 189, -

e % Cappa, 8. B, The Cold Bey district: U. 8. Geol. Burvey Bull. 739.»101;—109. 1028,

i\,z
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charaeder: to the: p:mh on Qil Cveek ~The actual point of amengam;e
of: thevwil icould: bk be seen, but water .running along a drainage

lie: theough-the qresidue  was- covered: with thick dark-brown:.oil.
The other residug patch, which is.somewhat smaller, lies in‘thevalley -
‘of Pearl Créek- abomt’ a mile northeast of the large patch.’ No:oil

was ssen emerging!ifrom the rock, but a thick brown ‘eilieczes-froin
the residue and flows down the creek The rocks underlying these
two residue patches belong in the lower part of the Naknek forma-
tion. "Other small stepages hive been reported to occur m the valley
of Pearl Creek.
‘ No seepages have been reported to oceur in the region around
. ‘Meoudt Peulik;- eﬁcept at'the Pearl Creek dome, and none ‘were’ éeen
‘diring the sumfder of 1922 In the Kejulik Valley also no* bﬂ
‘e uges were‘swn altImugh some have been’ reported ahd ‘& gas

. eee‘pagé Was' seen‘ﬁear the head of the East Fork of Kejulik River.
- s emergs it two- places several hundred: feet’ apart, both at
< itk fdot- 92 BIuP on the edge of & narrow valley:' 'THe'ign flows

'm‘gss

ineg Hearly ‘eotitifiuous stream of bubbles and has built up i
* - ouin®' arﬁun&‘the ofifice. ' Evidently considerable wiiter is

, _:‘;Wﬁh ’H&é*gms’, 44 the mound'i¢’ composed of as6ft mud sm'oﬁﬁdea;,
~ - . .an otherwise dry valley floor and » small stream of water: flows dwhy -
' 'fedge of

© e e sedpagli The todlks' forming ‘the Blulls along thi
- tHe ’fmey tﬂd‘*ﬁﬂdeﬂymg the vaﬂey ‘belo‘ng m ’the”fo , ef-, _aft o‘f
#hie mknek»faémmon. v b KAt ey

' The Kejulik Valley- has‘béeu ’frequently mentmned 48 an ared p&s :

is&‘bii"ﬁndeﬂafn ¥y oil resérvoirs. Ttis generally understood attlis o

vpl‘esént time that the geo*logm*stm‘cture most favorable for
aé“chm&htwﬁifs ‘Hhat of ananticling or'dome. *Petroloutn ek

of the vocks thekn‘safves, #hd sny ‘petroleunt ‘atctinly

fft\bxﬁ?th&t Y ist in the édiments’ utiderlying the' Ké]u‘hk Tallvy )
' é - ,MAptoB&bly dueto sueh fedtupss, - A* ‘ehange in; poromty dub

o it e contseriedd of the’ seﬁi’méaﬁ:sf&é’ ssited,

o 'i’w pavositls dleto - variption in the'aidount ‘¢ cérenting material, "
. ’ﬁm,pﬁﬁn&r of - 1eh€mu1€tr bodids of sandstonls avé all” femtﬁrés

ithut Moy belofiprime: ’imporeancevxﬁ théir' infiftence wpoi. t} e’ 10dil-
: 412&% and deeamulation’ of petrolenin. < The eha gé'ui f)bfbslbj" #nid
:presenee oflenses’ of ‘sandstons ‘are hkél’ygto Béof ‘thore im-

i¥

«périﬁnce il golirients: &épomted ‘in ‘shallow watér and hear the shore | A

such as most of the sediments in the Cold Bay district. 3
i!&ld @gwn #eir! the shore“are ususily of coarsei”grain: thaf"t

ited  farther out, butiﬁmy ay grade laterally’into ‘ths fifer-
gr‘i‘fﬁeii” seditnents without any disfinet break, and yhere they do
there is a gradual change in the effective pomuwy -of the rock and
§i7%its effect*apon permeating liguids and gases. ' Petroleum might

o belan forthbd Howevert s the Tesiftt of dfﬁéren& AReE

&
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migrate through & [00se, porous reservoir sand, but if that sand be-

«gomes dense and fine grained the petrolewm ean N0 longer migrate
threugh itand will accumulatein the coarser part ofgthe bed if itis
inclosed in impervious sediments. The sediments in the .Cold Bay
«district am known to differ greatly in differentperts of the district,
but it s impessible to predict just where, the perosity has changed
sufficiently to0 eause accumulation, and hence it is:impossible tO pre-
diet: the location Of reservoirsformed in this way, .

*The ¥ariation in the amount of cementing material may also be
«saniimportant factor in determining the location and extent of an ail
-péservoir. A sandstone may betightly cemented 0 that it contains
little affective pore space, or a sandstone composed of grains of the
same size may be very loosaly cemented, thus having a high effective
porosity. The first sandstone would not make a good, reserveir, bat
the second one might make an excellent reservoir::*

Theré: ars local variations in the degree of cementation ‘Wlﬂﬁn 8
sanddtonie’ bed, and this feature is of particular interest in COn-
gidéring: the possibilities of 0il accumulation On a monecline: The
reasen for the differential cementing-is not welt understoad, but it
unquestionably exists. |n a tightly cemented sandstone the existing
-pore apace may consist of voidsso small that the rock is relatively
4mpervious {0 migrating petroleum, owing,to the high frictional and
capiblary resistance. | n many places the tightly camented parts of
a sandstone are in the form of thin seams paralleling the-beddiilg
planies; but in other placesthey are arranged irregularly. A tightly
cementéd: part may occur in such a position as to effect an accumula-
tion: of petrelewn in the more porous sandstone lying along: the .dip
below it .giving rise to what is known in the oil .then’s wernaeunlar
-88 a.ff gpotty sand.” The determinsation of thelocation ef such areas
dAsweven:imofe idifficult than that of the lateral variation in the
litholo’gy .oft sandstone beds, S0 that this feature is of Nno assistance
v predicting the oil possibilities of the Kejulik Valey. iy

- ;iThe third feature that was mentioned above as having apo&nble
gaﬂugme on the accumulation of oil IS the presence .of;lenticular

bodies of sandstone. Such bodies are frequently .deposited wnder . - v

o

shallow-water: conditions, .where shore currents and: xiver cutrends

may Mbe active in forming bars.and deltas. The sand fenses.may
;be-thigk bodies having & |lateral extent of .several miles, and if they
are dacluded within a shale member of the formation that contains
opganig matter in sufficient abundance to supply petroleum to the
sangdstone |enses, |arge accumulationsmay be formed. Several fields
in the: United States have produced petroleum from lenticular sands.

All-three of the features above set forth are difficult of determina-
dion in advanes:of:drilling, but all three may have a:degided:in-
siifence upon the accumulation of petroleum upen;s monockine. ; Fhe

78813°—24nn-14
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rocks that erop eut in the Kejulik Valley are largely: of the’ Nelkbiek
formation. and ‘overlie the ‘Shelikef ‘formation, which is:the eil-
bearmg formgtion in the other parts of the Cold: Bay‘élsﬁm&.

Although 10 ofl seepages were seen in the valley it is reasonableito -

assume that theé:Shelikof formation;' underlying an area 10:iot:ii2
‘miles: from the: ‘nearest known seepage, contains petroleum, ‘which
under the proper structural and physical conditions ‘would - ferm
- accumulations. In the Kejulik Valley there is no known stréctural
‘feature of the types that are uswally considered faworable : for
‘petroleum accumulations, but various conditions of ssdimentation
‘may-have produced the same result.- The dip of the strata earries
“the Shelikof formation to a considerable depth below: the: Naknek
formation within' a short distance, so that it is only:.close to :the
-southeast side-of the valley that the Shelikof formatlon lies near
enough to the surface to be reached by the drilk: . : ~
:The flattening.of dip of a monocline forms- the »stmctural feature
known as a terrace. In the Pennsylvania, Ohio-Indiana; Oklahomea-
-Kanses, and many other fields petroleum has been: obtained ffom
‘terraces, butas commonly used the: term ' terrace ™ includes: mmy
‘minor flattening of the dip of a monocline, so that.the prespnee
of g:terrace: does not necessarily mean the- presence:of styructune
ifavérable to the .accumulation of oil. Such an accumulation:on:a
‘terrace: involves ‘many: factors that make: its. predietion difficult.
~Fhe effect ‘of change in  porosity and lenticular sands is the same
~ 48.on a monocline. - (See p. 207.) The degree of change of dip is

the critical facter, as the:oil accumulates at and immediately: below

t,he point wherethe inclination of the strata has changed sufficiently

t0: prevent flmther ‘migration. The thange of dip necessary to’offer
: such 6 barrieriis dependent npon the:character of-the sand, the
. initial inclingtion of the monocline, the force beliind ‘the: m@vemeht

of the petroleum, and nearly all ‘the other ‘factors tHat “infludide

migration. In general theicloser the: flattenied: beds approach to the
-horigontal or to a reversed dip: the greater the bartier they dffer

| .. %o the further migration of petroleum.’ In sediments having' a low
T e ‘fattentingr ‘of only ‘a few-degrees may- furtish:an'eflective
~barkier, wherednif the same sedhnemtsmweep’lfymeimed&h nght

have to flatten 8 great: ‘many ‘degrées to make the ehuhge in’ dip
effoctivh as & barrier. -¥n «the Kejulik Valley:the zoné-of fiattened
dip# extending scross the headwaters of Albert 'Creek has dips 12°
to 15° flatter thiin the zone of steeper dips northwest of it. - However,
‘as ‘the less steeply inclined' sediments dip 8° to-10°, ‘it is'bifieved
‘that the relative decrease in the amount of' dip is %Suﬁémnt to
-prevent the further migration of the petroleun:is ks ‘econjunetion
-with the other factors that influence the accumaulationi:of petroleam
“oti & monoclize the decrease in dip may have an importance thit
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egn not- now be seen or predicted. The fact that the dip may
within a short distance carry the oil-beaging formations to a depth
beyond reach Of the drill must be emphasized, It is only near the
southeastern. edge of the valley that the .Shelikof sandstones lie
mear-enough to the surface to be reached by the drill, according to
the common .commercial practice, in which the limit of depth is
3,600 feet.

- A fow. observations west of Mount Peulik suggest the existence of
aa anticline (see Pl X), but its sizeé and extent and even its ex-
Jslenee can only be conjectured. Further, the igneous material in-
yelved.in the formation of Mount Peulik is believed to have been
ejented through a.channel extending down through the crest of the
anticline, and the heat and pressure exerted by this material may
‘hawve severely metamorphosed the sediments and. driven away sny
oil they may have eontained. |t is apparent that the area around
-Mount Peulik can. not be recommended as probably eontaining
swaisble oil accumulations.

i . (il seepages Were reported to occur near the heed of Moore Creek,
Jut:they. were. not found by members of Mr. Sargent’s party. Along
;the fault at Moore Creek there are several springs giving off sulphur
dioxide gas, which has a very characteristic oder and forms a white
scum on the water. After the scum has been i neontact with the air
for some tims it becomes black, The black substance has the, appear-
ance af an oil residue, but its physical properties differ, and it can
easily be distinguished from oil residue by its peculiar odor and

Vot déW viseosity. . Several pools of water with an iridescent scum of

‘gt oxide; which. might be mistaken for oil. were seem: in the small
‘yalleys in ‘this general Jocality. . )
Oil seepages were mot geeny On the Elephant Mountam s,ntwlme,

" .and nene have been reparted to occur along this fold, although there

‘hiyve-been thany reports Of seepage Vet of Aniakchak Bay and onthe
cape.between, Aniakchak and Amber bays, Some of these supposed
seepinges were found $o be films of iron.oxide on pooh of water and
zod iron stainsion rocks. The seepages reported on the cape were not
-s¥amined... The claims that have been staked in the .:Aniskchak dis-
trict:do not estend inland as far as the crestof the;amticline, although
some of the claims may include part of the seuthwest. flank, wheve
the dips ‘are locally 45° SE. The lowest beds expased:on the anti-
-<hma, those in the upper part of the Nakmnek formation, are probably
ﬁomnds of feet .above the supposed oil-bearing beds in the Cold
Bay-digtrict.: However, owing tothevariable thickness Of the strata,
espedxhlly;ﬂw oonglomemte beds 60 miles to the northwest, iti s im-

ahe the d th to anv Dartlcular horizon below the
mﬁwe qni Rlephant oumam anticling. It is not ‘improbable

that there arw;l bearing rocks in the Upper Jurassi C sepiegithst are
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not' known. ' The oil in the Cold Bay district is' supposed to'be ‘aex
rived from the' She‘hkof ft)rmatlon, buit the exact herizon is unknownt.
A stmtlgmphm study of the region southwest of Aniakchak Crater,
‘where!Jurassic roeks are thought to be exposed; may furnish infor-
‘mation regardin@ the suceession beneath the Elephant: Meuntain

antickine, - Although at places on the anticline the struetural- condax-_ e
tions are favorable for the accumulation of oil, until indications- m:
- found‘br some of the reports’of seepages in"this general" mgmn are

-verified there is no reason o believe that this anticline contame»eom-
‘mercisl pools of0il. From present knowledge of the stratxgm hy
the 'pessibility of sach pools within drifling depth is relatively sl

! it seepages hikke been: repbrted ' from the country west of ! Atk ’

chak Bay'and eaét of the high-mountains in'the central part of the
ninsila, and tasny claims have been staked there. It was learned

‘ifi the'fisld that mest of the claims had been staked by one man. By
far! the: greater number of claims-are located in‘an sves of rgneous
rocks, or in the valley of Aniakchak River, which is covered’ by the
-ejectd from the crater at the head of: the valley. - The consolidated
mck!s beniéath-the cinders’ are probably also of igneous”originj s
sthe imountains’ oh”both sides' of the lower part of theivalley sad
‘several small outcrops within the valley consist of gheous rocks.
“Most ‘of ‘the retks: censist of volcanic:tuff: and breccin bhich have
-flowed-out over the sedimentary roecks.  “The thickness of this volcanic

_ -matérilil is not known but is thought'to be ‘several thousand feet.
{The thiekness undoubtedly varies from place to:place owing to-the

‘irregulurities of the surfite over which the material flowed. The '

“poléanie conter orivent wasnot:leeated. A few small isolated: bloeks
of sedimentary rocks, dipping veryitesply’: beneb.th the: 1gmus
‘minterial, occut 'cldse to- the!Beach at Aninkchuk Bay. v 11

. % Pools of 'stagnant wates dbvered with: ‘i ‘mdescent film of fivon

““o¥ide 'were’ foutid'in ‘the arén’of igneous-: -recks; near ‘the: lodalities
wherd vil secpages  wete reported to cbeur. Ol sespages were also
'séportisd on the-eape betweern::Amber:bnd Aninkchak: bays. - Theso

o  “seepages “were not  foundy but: sedimeﬁtary rocks of  unkmown ‘age .
-oveupy’ part of the cape. < 'Fi:oil’ seepages occur:in the general: dis-

| 1eriot'| ﬁey;am shiorg likely to be: found in ithe: vwimty ‘of ﬁmbMﬁBay
it it 6hb alben Weut of ‘Aninkebak Bey. | s - ol aly

© <UiNeitherthe Hafulik Vadleyo ot * thef*’mglon orthi and wést- ot

Pount Peulik cbittaing mmry well 'developed: struetural: features
lof the-types thut kre usually bonsidered favorable for the aceumuld-
‘tieti ‘o petrolenmi 4o be recommended. as good places todrilliwellk.
“The %&unentary rocks of ‘the Kejulik Valley have beenfolded -to
form 4 terrace; s structural form that has proved tohetproductive
Jrére ihid'thers b bil fields inthe States, but invtHis-aliey thé de-

mmhn dip is- aist ‘Yelisved to be- éuﬁmnt 46 “fornia reervolr

1)
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ubdess; it is accompanied by other features, such as cettain conditions
of sedimentation and cementation that can not be predicted. |f

"spotty" sands are present in this area; no one drill hole would

prove the nonexistence of an oil reservoir. Further, the oil-bearing
Shelikof fpzmatlon, except for a narrow belt at the southeast margin
of the yalley, i is too deeply buried below the Naknek formation to
bez:eachgd by the drill. | nview of the expense of drilling in anew

1 and the number of holes that would be necessary 1o test the
ﬁeld sroughly, the prospects of obtaining oil are not good enough
to wa.rgant drilling. The geologicstructure in the region north and

wpst Ot Mount Peulik is not as well known as the structure in the

ui;k Valley, as the bedrock is concedled by gravel and voleanic_
matanal biit some observations and the regional relations suggest .

the presence of an anticline extending northeastward. through Mount
Peulik, parallel to thetrend of the other folds. The sedimentary
rocks that erop out around the old crater of Mount Peulik are on
the. erest of this supposed anticline and are believed to be possibly
high in the Naknek formation. The oil-bearing Shelikof sandstones
may "therefore be buried under several thousand feet of younger
seihments, and even if the formation contains oil on this anticline it
may lie beyond reach of thedrill.

The future of the @ d Bay district depends very largely upon the
result of the drilling on the Pearl Creek dome, as that iS the most
promising structural featurein the region, and the success or failure
of the work there will probably govern the amount of later ex-

. - ploratory work.

The country southwest of Wide Bay, especially the Aniakchak
dSStrite; 18 Govered by large areas of igneous rocks, in which oil does
not odélir. 'The sedimentary rocks are mostly Tertmry and of a
character that makes the possibility of the occurrencedf oil in com-
mercial-quantities in’ them very dlight. The anticlines are not as
pronounced as those in the Cold Bay district, and those that were
observed aresnal | or possess unfavorable features.

COAL.

The dlstrlbutlon and economic possibilities of the coal in the
Chignik Bay region are set forth by Atwood,>* who gives detailed

| ~ sections and describes the developments up to and including 1908,
-+ 9nce 1912 little coal has been mined, although some development
-“work has been done, especially at a mine on Thompson Creek, where

mine blildings Were erected and a small bunker built on the beach.
No' ¢oal, ‘However, has been sold from this m|ne The followmg

# Atwood, W.zW.; Geology and mineral resources of parts of the Alnka Beninluki

. TS, Geol. Survey Bull; 467, pp. 104-105, 109- 116, 1911

=Y
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description of the cod near Chignik is compiled by G. C Marﬁ:n
from the aecount by Atwood, with slight modification. - 5

GEOLOGIC AND AREAL OGCURRENCE.

The' bituminous ¢oal in the Chignik Bay region is of Upper Cre-
taceous age and belongs to the Chignik formation. The coa me&-
ures Consi St of sandstone, shale, and conglomeratethat occur in the
middle portion of the formation and are underlain and overlain by
thin beds of sandstone and shale. The Upper Cretaceous (Cfugnik
formation) in this region rests unconformably upon the "Upper
Jurassic (Naknek formation), but it is overlain conformably by
rocks' of Eocene age. This section is shown along Chignik Rivef’
and along theshores of Chignik Lagoon.

The known extent of bituminouscoal in this field does not exceed
15 square miles, 'bat from the distribution of the coal outcrops and
the general geologic structure in the field it is probable that coal
underliés an aread 40 to 50 square miles.

A few thin lignite seams occur in the Tertiary rockson the south-
west side Of Chignik Bay. The areal extent of these lighite ——
iS probably between 10 and 20 square miles, but the quality of'this
material isnot such asto makeit of economic vaue.

The developed eoals are at Chignik River, Whalers Qreek, Thomp-
on River, and northwest of Hook Bay. Some detailed sections of
these coalsaregiven in the following paragraphs.

COAL BEDS : i{J

Chignik River+~The' coal bgd that has been worked ontcrops on-
the river bIUff 3 miles ahove the head of Chignik Lagoon and bas
been traced inland for a little more than haf a mile At this.
locality it strikes N. 2° E. and dips 24°'E. A section of the bed
measuredin the drift isasfollows:

Seotion of Chignik River coal bed.

Dry bone, with thin coal streaks. %
Coal e e e - 6
Goal and dtrt_. -z : 8
Coal ¥ i )
Bony jeoal . e . : 1 B
L e e e e 1 4

5 3

The roof, which is of shalg with thin layers of coal overlain by
sandstone, is very even. The floor, however, is not so ‘regular, and
theroll Or swelling in it reduces the thickness of the bed at-the end
of thedrift from S5feetto9inches. It |Sposs1ble that the roll, which
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is known to be rather long, may be narrow, and that ashort tunnel
dreiven through it woul d discover the full thickness of the coal bed
on the oether side.

The eoal is solid and bright and comes out in good-sized pieces.
When used under a boiler it has to be stoked very frequently to keep
it. burning freely. It isafairly satisfactory steaming coa when it
is properly handled, but it makes a large amount of ash, and the
fires have to be cleaned often. An analysis of this coal isgiven on
page 218;

The Chignik River minewasformerly'worked throughout the year
by $wo men without machinery, the wal being undercut by hand and
shot down. Coal outcrops appear at several other places on the
north bank of Chignik River east of the mine, but the beds do not
seem to be of as good grade as that at the mine and have not been
worked.

W halers Creee—Whalers Creek isasmall stream entering Chignik
Lagmfmm the north ashort distance below the mouth of Chignik
River.:,Coal is exposed for 600 feet along the northernmost of the -
three:main branchesof the creek, the exposure being along the strike
of the conl measures, which outcrop at the coal mine on Chignik
River. Thestrikedf thecoa isN. 5° E. and thedipis22° E. The
section Of the coal isasfollows:

Section, of Whalers Creek eoal bed.

. fhaly sandstone roof. ' Ft." 1in,
- 1. Coaly shale L ) o 10
-2 ‘Shale : . 8
8. Coal e I i . .1
4 Coaly shale 4
5. Sandy shale : o I -7
6.'Coal with slate parﬁngq ) T 5 -
7. Coaly shale : . - 6
8. Sandstone i 18
9, Coal . ___- : 1 10
"10. Shaly coal : 13
11. Coal : 3 14
fandy shale floor,

The slope, which has been driven 130 feet on the cod, follows the
lower part of the bed and includes the strata numbered 8 to 11 in
the above section.  The coa bed (Nos. 9 to 11) was sampled in the
usual way and analyzed, with the result given on page 218 (labora-
: - tory Ne. 6955).

Ths eoal isbright, black, and blocky, very much like that mined at
Chignik River, bat at thislocality thesection of the coa isbetter in
that the partings are thin. A nearly vertical fault, about 500° feet
downstream from the mine opening, probably cuts off the ceal bed.



e

2047  MINEBAE BESOURCES OF- ALASKA, 1922,

On the upstream side, about 40 feet from the opening, a vertieal
fault 'throws the eoal down 6 feet, and 115 feet upstream from’the

mine another fault, which cuts of the coa, has been reportedi:

Although faults have disturbed the coal somewhat, there appears,
nevertheless, to,be a very considerable body of good coal available.
The -docation of-this coal favors shipment on small:boats down
Chignik Lagoon or by #ail. A railway might be built across Chig-
nik River a short distance above the month: and thence across a
lowland area to the head of Kuiukta Bay, where excellent harbor
facilities are reported. The distance from Whalers Cresk to the

head of Kuiukts Bay by the proposed railway route is about 5 miles.

Coal has been*reported tO outcrop at several places-high an the
mountain slopes northeast of the outcrops of coa in Whalers Creek.
The localities péinted out in the field by prospectors are along the
general strike Of the coal measures and presumably contain the
same:beds that are exposed elsewherein the field.

Thompson Vadley~Thompson Valley lies northwest of the north-’

ern portion of Chignik Bay and is a broad, open, flat-bottomied
valley, heading among the high mountains at least 10 miles from
the beach. Coal is exposed an the northeastern slope 13 miles from
the beach and 8¢0 feet above the valley floor. The strike of the
bedsis N. 61° E and thedip is21" NW. Two workable coal beds
are exposed for at least a mile, and their extent is probably much
greater. Where the tributary streams to Thompson Valley cross
these coalsthere are falls or cascadesin their courses.  The detailed
measurementsd - these beds are given below:

" .- -Bections of coal beds in Thompson Valley,

’ L Lower bed.
Sandy shbale roof. . P o P
1. Coal______ R - - 1
2. Shale parting R .
8. Coal ... B 2
4. Coaly shale. i '
5. Coal___ :
8. Bone
7 Coal .
. Sandstenefloor.

fi‘.z B N Umrl)ed

Cross- bedded sandstone roof

~‘~-3‘1 Clay :

2, Coal

3s. b8, Coaly. shalg..

i 4 Shale... b e

' ;j_' 55. Coaly shale e
v &aml... m

37 O‘lay paﬂtfﬂz

ho qzlp#‘aa \t,s':..mﬁ."j L

1Y
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9. Coaly shale.. —-
10. Coal — - 4
1 Bone
12, .Coal - S :
13. Shale . . . = -
14. Bony ¢oal

The analysis of a sample taken from the beds numbered 6, 8, and
10 in the foregoing section of the upper cod is given on page 218
(laboratory No. 6956).

Alarge body of good cod is available at this locality. The con-
ditions for mining are favorable, and the space at the base of the
bluff is ample for mine buildings and mine bunkers. The chief
dxﬂiculty in the way of exploiting this coal is in making arrange-
ments for shipping. The beach at the mouth of Thompson Valley
is exposed to the severe storms from the Pacific Ocean. A railway
from the valley to Chignik Lagoon could be easily built, for the
route would be over a lowland area and not mere than 9 milesin
length. The conditionsin Chignik L agoon, however, are not favor-
able for loading large ocean-going vessals. Hence it would probably
be necessary to continue the railway along the northwest shore of
the lagoon and then by the same route as that from Whalers Creek
tothe head of Kuiukta Bay, as already described.

Hook Bay. — Hok Bay isin the northern part of the fild exam-
ined. The cod in this vicinity occurs near the headwaters of the
nght-hand branch of the stream entering Hook Bay from the west
a,!;d in the foothillsof the main mountain range, The  general strike
of the bedsis N. 11" E. and the dip 84° E. The section Of the ceal
isas follows:

w0 oo *F

Section of Hook Bay coal bed.

Firm sandstone roof.
1. Coal -
2. Clay
% -.. 3. Coal . .
- 4. Clay-
-+ 8. Coal _.
6. Clay parting
. 7. Bany:coal .-
8. Coal _.
9. Bone N
= Shale floor.

: Above this bed is an 8-foot bed of sandstone overlainby a thin
Iayer of caal. Below the main bed of coa lies a 4-foot layer of
shaly sandstone, underlain by a 3-foot bed of coal, in the middle

*

-t
Hgmmgqm oow_:;'

[y

[y

_of which is a'6-inch parting of shde: The exposuresin the tunnek
show the cod to be uniform in thicknessand quality.
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I n samplingth S bed a cut was made across Nos. 5 t08, ineclusive,
in the above section. The analysisisgiven on page 218, (laboratory
No. 6952).

The strike, so far as the beds coul d be examined, is uniform
and appears to continue without notable break for at least half a
mile to the northeast. The tunnel opening is 50 feet above the
stream bottom, where there isspace for mine buildings. At present
thereis a wagon road from Hook Bay to the coal éféi;»pin'gs, aong
a stream bottom where the general gradient and space would be
favorable to railway construction. Hook Bay isan excellent small
harbor and is bordered by favorable sites for wharves and bunkers.
The distance fram the harbor to the coa is about 8 miles. Four
claims were staked in this field, and development work was being
done iN 1908 under the auspicesof the Alaska Peninsula Mining &
Trading Co.

CHARACTER (F THE QQAL.

The coa from the Chignik River mine is bright black and Of
medium hardness, |t was worked out in lumps as much as 16 or
12 inches in diameter. The seam, as exposed late in the season of
1908, showed some crushing at the front wail and at the end of
the tunnel. Tha section in the mine shows sufficient’ shale partings
and bony streaks to indicate the general bedded structure of the
coal, which corrésponds to the general dip of the formationsin that
partof the field: - The cod, when taken from the mine, was dumped
upon ‘a barge near the entrance of the'tunnel and was unloaded
fromt he barge and dumped into the eoal Lirs at t he cannery, where
it~was usad. ‘Fi-the processes of handling the coal usually became
broken into fragments, the largest 3 or 4.inches in diameter. This
coal doesnot appear to slack badly. The best exposures i n Whalers
Creek are in a prospecting tunnel, where the coal seam is firm and
the bedded strueture pronounced, the structure being emphasized
by certain shale partings. The cod isadull black on the weathered
surfaces but is bright in fresh exposures. The Thompson Valley
exposures are only a little beneath the surface and not beyond
the zone of weathering. Thiscoa, however, isin aheavy firm bed,
more resistant than the shale and sandstone associated with it, as
is indicated by therapidsor falls where streams crossthe coa seam.

I n the short tunnel in the coal northwest from the bead of Hook
Bay the cod isin seams 18 inches or less in thickness, separsfed
by thin beds of shale. These shale partings indicate the general
bedded condition of the sediments and correspond with the ‘general
dip of the strata. The upper portion of the seam is bright and
blacki and of medium hardness and appears to be' a high grade of

M
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bituminous coal. The lower portion of the seam has more bony
streaks but would aver age a fair grade of bituminouscoal.
Thefollowing tablegivestheresultsof the analysesof someof the

coals from the Chignik field, The sampleswere obtained at the fol-

lowing localities:

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

6958. Chignik Bay, Thompson Valley, three-fourths of a mile above mouth of
stream.

89585. (hi gni k Lagoon, Whalers Creek, three-fourths of a mile above mouth.
6953, Chignik River, north side, 2 miles below Chignik Lake.



Analyses of Chignik coals.

{Analyses by F. M. Stanton, U. 8. Geological Survey.]

Samples as received.

b Proximateanalyses. Ultimateanalyses. Calorific value.
Le yses. 2
toty. Locality. Loss - Volatile ) i : = ' British
No, .ir | Total Fixed | Ash. |Sulphur.|Hydrogen,| Carbon. | Nitrogehis | ‘Oxygen. | Calories, *thu%mal
qnefr | com- it ¢ v e
drying. | OISt pusifbe, | Carbon o
6952 | Near Hook Bay .................. 4.00 5.07 27.24 42.42 25,27 2.26 453 65.76 0. 59 8. 38 5,618 10, 12
6958 | Thompson V: e eeeeraean 6. 50 10.77 30.37 43.99 14.87 .70 4.98 27 .ﬂl 23.567 5,3 9,641
6956 | Whalers Creek. . 2.50 5.02 34.28 45.45 15.25 1.75 487 62.04 '15. 83 6,245 11,241
Chignik RVE vevenenennnnnnnnnss 5.20 7.08 31.48 39.68 21.78 1.30 483 55.14 .61 16.34 5,470 9,846
Air-dried samples (calculated from table above).
Proximateanalyses. Ultimate analyses. Calorific valus.
Lab-
i‘g i Moist Voome? | Fixed Ash | Suphur. | Hydrogen.| Carb N o “Calorles thaszﬂmal
0. oisture. com- X ur. ogen. | Carbon. itr ‘~ , '
‘bustible. carbon P ydarog itrogen Xygen. Cal = ; herme
6052 | Near Hook Bay................... L 28.38 44,19 .32 2.35 4.26 58.08 0.61 .38 5,853 10, 533
6956 | Thompson Vi 4. 57 32.48 47.05 15.90 .75 4.56 50.11 .65 19,081 5728 110,310
‘Whalers Creek 2.58 35.16 46.62 15.64 1.79 4.7 83.63 .57 13.66 6,405 11, 52
6953° Chlgnlk River 1.96 3321 41.88 22.97 1.37 4.48 88,17 .64 1287, 5,770 10,388
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