
THE COLD BAY DISTRICT. 

INTRODUCTION. 

t LOCATION AXD AXE& 

The Cold Bay district, as here defined, occupies ra, part of the 
southeast half of Alaska Peninsula west of Kodiak Island and 
exfending from the east side of Cold Bay southwestward to and 
including Kialagvik Bay. The local use of the term " Cold Bay 
district " to include an indefinite area in the vicinity of Cold Bay 
is inherited from the days of the oil excitement in 1903-4, when 
pmngers ,  supplies, and drilling outfits were landed at Cold Bay, 
and several miles of wagon road was constructed to drilling sites in 
the "east field." At that time Cold Bay was the center of activity 
and supply point for the whole district. In  1920-21 prospecting 
and staking were extended over a larger area, particularly to the 
southwest, and Portage Bay was more generally used as a port, many 
persons even landing at Kialagvik Bay, yet the whole district is 
still generally referred to as the Cold Bay district. The present re- 
port is the result of a reconnaissance examination of the area reach- 
ing along the Pacific coast from Cape Kekurnoi, at  the northeast 
entrance of Cold Bay, to the west end of Kialagvik Bay (or Wide 
Bay, as it is known locally) and estending inland to Becharof and 
Ugashik lakes. The area lies between latitude 57" 15' end 57" 45' 
north and longitude 155" 17' and 156O 30' west. (See P1. 11.) It 
include,s about 740 square miles and comprises a part of the moun- 
tain range that lies along the Shelikof Strait shore line and a part 
of the inland lowland in which lie Becharof and Ugashik lakes. 

HISTORY AND PREVIOUS SURVEYS. 

The historical record of this district, though inconlplete, dates 
back well toward the beginning of white settlement in Alaska. By 
1762 the Russians had sent trading expeditions as far east as 
Kodiak Island, and in 1783 a permanent trading post was estab- 
lished at Three Saints Bay, on Kodiak Island. The rugged islets 
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in the mouth of Cold Bay and elsewhere along the mountainous 
coast of the Alaska Peninsula furnished rich hunting grounds for 
the eagerly sought sea otter, and the Russian influence was soon - 
felt among the native hunters and has continued ever since through 
the conversion of the natives to the Russian church. Even since 
the transfer of the territory to the United SMes the missionaries 
of the Russian church have still ministered to the spiritual needs of " 
the natives. 

A bibliography of the early publications in which reference is 
made to the presence of petroleum in Alaska was published in 1905: 
and the publications that concern the Cold Bay district are cited 
here. The presence of petroleum in this part o f  Alaska was first 
recorded in print in 1869, by Davidson and Da11.2 DallS in 1896 
also referred to the occurrences of petroleum on the portage from 
Katmc~i. An anwymous article4 published in 1903 described briefly 
the occurrence of 'petroleam at Cold Bay and contained some notes 
on the geology of the area. I n  1904 Martin gave an abstract6 of the 
fulIer report issued later: in which he not only included the results 
of his own field studies but summarized the existing information uon- 
ceming the Cold Bay district, as well as other petroleum fields Other 
publications by Martin7 and Stanton8 were issued in 1905. I n  1911 
A t w d  @ in describing the geology of parts of the Alaskan Peninsula, 
summarized the previous reports of Martin and Stanton on the Cold 
Bay district. I n  -1921 Martin lo made a general keport on petroleum 
in Alaska, in wMch he reviewed the results of his earlier work in 
the Cdd Bay diikict and advanced some new intkrpretrations con- 
cepnink the geology of the district. In  1921 Moffit l1 mapped the oil 
field of the Iniskin-Chinitna Peninsula on Cook Inlet, in detail. 

1 Malea, G. C., Petroleum fields of the Padfie coast of Alaska: U. 8. -1. Survey Bull. 
250, pp. 10-11, 1905. 

2 Coast Pilot of Alaska, 1st ed., pt. 1, pp. 38, 199, 1889. 
aDall, W. H., Coal and lignite ot -4lnaka: U. S. Geol. Survey Seventeenth Ann. Rept., 

pt. 1, p. 799, 1898. 
4 The Cold Bay oil field : Eng. and Min. rour., vol. 78, pp. 81M19,  1903. - 
6 Martin, G. C., Petro1eum fields of Alaska and the Bering R i m  car1 Bdda: U. 8. Geol. 

Survey Bull. 225, pp 366382, 1904. 
*Martin, G. C., Tbe Ntroleum fields of the Pacific coast of hlsska: U. 8. -1. &Irvey 

280, 64 PP.. 1905. 
1 Martin, G. C., Notee on the petroleum fields of Alaska: U. 8. h l .  Suwey Bull. 259, Y 

pp. 134-139, 1905. 
s Stanton, T. W., and Martin, G. C., Meaozoic section on Cook Inlet and Alaska Penin- 

sula: Geol. Soc. Arnericd Bull., vol. 18, pp. 398-397, 401-402, 19W. 
9 Atwood, W. W., Geology and mineral resources of parts of the Alaska PentPmla: 

U. 5. W, Survey Bull. 487, 137 pp, 1911. 
laMartin, G. C., Preliminary report on petro'kum in Alaska: U. S. Oeol. Survey Bull. 

739, 83 pp., 1921. 
llBgo56 F. H., m e  Iplskin-Chhitna Peninsula, U s l a :  U. S. Geol. Survey B d t  - 

(in preparation). 
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It is quite likely that the occurrence of petroleum on the Alaska ' 
P e n i d  was known to the Russians nearly 100 years ago, but it 
was not until the closing years of the ttrst century that any general 
i n t e e  was attracted to the Alaska oil fields. The first well was 
drilled at KataUa in 1901, and another was drilled in the Cook Inlet 
district, at Oil Bay, at about the same time. In 1902 to 1904 oil 
exploration was active throughout the Territarg, and at that time 
the Cold Bay oil boom was at its height, and a large number of 
claims were staked in what were then known as tsk Cold Bay 
field, extending from the head of Trail Creek to Porkage Bay; 
the Lake field, which lay between Bellim Bay of Lake Becharof 
and ;t.b northeast end of Cold Bay field; and the Becharof field, 
lging mest of Becharof Lake and including what is now known as the 
West field. Four wells, of varying depth, were then drilled in the 
G l d  Bay o r  East field, and although some paraffin-s&urated beds 
were penetrated rand a little oil was found, no commercially producl 
tire wells were brought in, and the excitement gradually died down. 
h o  important developments took place from 1904 to 1910, and in the 
fall of 1910, when all Alaska oil lands were withdrawn from entry, 
title had not been granted to any of the claimsr in the Cold Bay 
diskriot. Then followed a long period of stagnation in oil prospect- 
ing and development in Alaska. A few prospectors of unusual 
pePseveranee had retained their faith in the ultimate development 
of the Cold Bay field and had kept their claims there. In  1918 a 
geologist made a priirate examination of the field for a p u p  of 

. 

claimants, and although his report was confidential, its contents 
beeame generally known in the district. The more intelligent pros- 
pectors were keenly alive to the relation of geologic structure to . 
p~oductive oil pools, and the most eagerly sought claims were those 
sllich lay h g  the crests of the anticlines or doines of the region. 

In  19% Congress passed an oil leasing bill permitting the stak- 
ing and development of oil lands under certain restrictions. That 
act stimulated oil prospecting throughout the Territory, and those 
arecrs in which there were known indications of petroleum received 
particular attention, among them the Cold Bay field. 

Soon after word was received that the oil leasing bill had become 
law, a considerable number of prospectors hastened to the Cold Bay 
district, and before the snow had disappeared in the spring of 
1990 a large part of the most promising oil land had been staked. 
No drilling was done in the summer of 1921, but prospecting was 
continued energetically, the boundary lines of a large number of 
claims were surveyed, and a number of petroleum geologists repre- a 

sentirig strong producing companies in the western-United States 
virited thohfield. The United States General Land Office also sent 
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a p&y to this district, to continue therwwk aldwdy b e e n  of cam- 
ing out land satrveys and to estabYmH refelmnee 'lines to which the 

Realizing the importance 46 Alaska and to the counbry at large 
of a possible new oil field, the .On$ad States Geological Survey con- 
sidered it wise to extend gdog ie  and topographic mapping into 
this promising district and to make a study of the geologic st-- 
ture and its relation to possible oil pools. Two parties were or- 
ganised to carry ,out this wdrk, one ia charge of R. K. Lpt,  m- 
sisting of five men and eight pack horses, to conduct the topographic 
mapping, and one in charge of the writer, including also W. El. 
Smith as geologic assistant, three camp hands, and eight pack 
horses, to map the geology and to study the stxucture and its rela- 
tion to the possible accumulation of commercial petroleum pools. 

The plans for these two parties (were completed and preparations 
made to sail from Seattle on May 18, but at the last moment the 
officials of the steamship company decided that, owing to the re- 
dueed number of sailings to Almka on account of the seamen's 
strike, only passengers and foodstuffs aould be loaded, and that the 
pack horses, the only means of field transportation for the parties, 
must be left behind. Accordingly, Mr. Lynt sailed on May 18 with 
ell the supplies for both parties and seven men, The writer and 
two packers remained in Seattle with all the horses and sailed on 
June ES. The .hortnes were landed at Portage Bay on July 9, nnd 
were tuken overland to Cold Bay on July 3. Field work for both 
parties .comnem& immediately and was continued until September 

' 4; tJhe men then returned to Kodiak by small power boat and thence 
b Seattle by steaarmilhip. Unfort~nately,~ the weather durbg  July and 
August was generdly foggy and rainy, with only a few dear  days, 
so that conditions were highly unfavdrable for phototopographic 
mappiag. With only four working days Mr. Lynt completed a - 
topographic map af about 160. square miles on a scale of 1 : 180,000, 
and the geologie mapping was carried over an area of about 740 
square miles. Gmtpsiderable time was also spent in a study of the w 
st~at ipaphic seatian and in a reconnaissance trip 80 Kialagvik Bay, ' 

but the results of this work can mot be expressed in terms of area. 
At thelime the field work on which this report is based was planned 
it muj4!kought tbak the topographic party would be able to map 
an area of at least 1,000 square miles on a scale of 1: 180,000 and . thus furni'sh a basemap upon which the areal geology could be accu- 
rately plotted. - As:a result of the unfavorable weather only a small 
part of %he area :was covered, and in consequence the geologists had 



no aceurab tofigraphie map for field use. It has therefore not 
been e b l e  b present in this rep& a geologic map that shows 
t h e . & p e  of refbiement in mapping &at could have been attained 
if adequate -base map had been availdble. 

While the M d  work on which this rep& ia based was being done 
independent explorations and examinations in the district were made 
by geologists representing at least three western oil companies. All 
these geologists showed the great& oondidity and generosity in 
placing at the disposal of the Geological Survey the information 
they obtained. Especial acknowledgment is due to Mr. Ernest 
Marquardt, of the New York Oil Co., of Gasper, Wyo., who fur- 
ni&d copies of his traverses, notes, and maps and supplied a num- 
be~,6f valuable fossil collections and who alone is responsible for the 
topog~aphic map of the Pearl Creek dome, published herewith ; and 
to Mr. L. G. Dmius, of the Associated Oil Co., and Mr. E. D. Nolan, 
af fhe General Petroleum Co., who furnished several geologic see- 
tiom for comparison, as well as other useful information. 

GEOGRAPHY. 

DRAINAGE. 

In  the latitude of Cold Bay the Alaska Peninsula has a width of 
a b u t  90 miles. Toward the north i t  widens, and toward the south- 
west it becomes narrower. Between Port Moller and the base of 
the peninsula the position of the divide is notably asymmetrical, for 
i t  lies much closer to the Pacific shore than to Briitol Bay. In  the 
Cold Bay district the southeast coast is bordered by a mountain 
range which reaches elevations of about 2,000 feet near Cold Bay 
but which becomes increasingly higher to the southwest and at the 
wwt end of Kialagvik Bay culminates in a group of peaks that rise 
over 4,000 feet above the sea and contain vigorous glaciers. This 
mountain range forms the divide between the streams that flow in a 
southeasterly direction to Shelikof Strait and the Pacific and those 
that flow west or northwest to Bristol Bay. The area draining to 
the Pacidc, however, is small, and the streams we in general short, 
swift, and of only moderate size. Most of them can be waded easily 
on foot during the summer, except at times of flood. The one nota- 
ble exception is the glacier-fed stream that empties into the west 
end of Kialagvik Bay. This is a turbulent river during the season 
of glacial discharge and can be waded with difficulty even at favor- 
able places. 

The Bristol Bay drainage, by contrast, is characterized by large 
lakes and sluggish rivers. On the northwest flanks of the coastal 
mountain range many of the small streams are swift, but these 
d ~ n d  quickly to the great lowland that occupies much of the 



persimla. A rkabfe. fdddre i f  "t hi& is 7 t h  series of 
lakes that occw ahng the C&P line lpid the e u l a  ftom its base 
to the constriction at Port Bfdbapd SfepovaLc Bay, a digtsme of 

' 

over 300 miles. Much of ti& area has not bea..aertftPLQeIy sur- 
xreysd, but its general fh@.zw are well known. These lakes lie. 
again& the northwest or idand faont of the cosstal mountains $but 
am bordered on the northweat by. rr, m d  lowltmd that extends to 
Bristof. Bay. Their elevation abovema level is generally less than 
50 fee&, and with one or two minor aeeptions they drain to Bristol 
Bag through broad, sluggish Fivers in which the effects of the Bering 
Sea ti& are felt for long distances inland. These lakes and their 
tributary streams are favored. spawning grounds for mImon,,and 
an extensive sab@XkCanning industry has been established mn Bri5 
to1 Bay to utilize $he fish that migrate from salt water to these great 
fresh-water lakee. - Becharof Lake, the largest of the Alaska Penin- 
sula lakes, is over 40 miles long and probably has an a m  of mow 
than 450 squaredes.  Naknek Lake is about 45 miles b a g ,  ~hough 
of smaller area, and the two Ugashik Lakes together are about 30 
miles long. Nahek River, which .drains Naknek Lake, Egegik 
River, the outlet of Becharof Lake, and Ugashik River, between the 
Ugashik Lakes and the sea, are all fairly large, rather sluggish 
streams that are easily navigable by small boats, and they with the 
lakes furnish convenient routes of travel through the lowland and 
from one coast to the other. 

BELIEF. 

As has been stated, the Pacific coast of the Alaska Peninsula in 
general is bordered by mountains that rise steeply from the waar's 
edge, and the coaJ line is irregular and deeply indented with em- 
bayinents. The visitor approaching froin the southeast receives the 
iapression that thb entire peninsula is mountainow and mgged, but' 
this is by no mearis the case. ' The moutltain rang6 along the coast, 
at bast  in the Cbld Bay district, is narrow. Nearly all the south- 
eastward-flowing dreams head in low passes or in easily traversed 
divides, and after Erossing the coastal range the traveler soon de- 
scends mto a broad lowland area of slight relief, broken by isolated 
mountains and by large fresh-water lakes. I n  the immediate vicin- 
ity of Cold Bay thelmountain ridges have rather smooth outlines and 
reach only moderate elevations, the highest peaks standing from 
1,500 to 2,400 feet above sea level. Nehr Portage Bay the moun- 
tains are higher 'and more rugged, and at the southwest end of Ki- 
alagvik Bay there is a group of mountaink whose peaks attain heights 
of 4,000 to 5,000 f&t. 

Northwest of the basta1 mountains thbre are a few hlrited'mohn- 
t&is and at least dm notable mountain chain tldt r;is4~'@frod-'Wd 
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smounding lowlands. The field work on which the present report 
is basled covered only the coastal mountain strip between Cold and 
IZi&tgwik bays and a part of the interior lowland, and these in- 
briar pominences were not examined or their position accurately 
&mined. One conspicuous ridge, however, the Kejulik (Garku- 
lik) Mountains, forms a prominent topographic geature north of 
Cold Bay. This mountain ridge lies about 15 miles inland from the 
b a d  of Cold Bay and extends from a point near Becharof Lake 
~rtdmastward to merge with the coastal mountains in the Katmai 
region. Its crest line is conspicuously rugged, and its general char- 
acter and topography suggest that the ridge has e cure of granitic 
rocks, flanked by sedimentary beds. The highest peaks are prob- 
ably little less than 5,000 feet above sea level. 

The axial line of the Alaska Peninsula is marked ak irregular in- 
tervals by volcanic peaks, of which some are still active and many 
&hers are of so recent origin that their topography still shows the 
conical shape characteristic of volcanic mountains. The high peaks 
of the Katmai region, with their smoke plumes, are visible on clear 
days from the Cold Bay district. Mount Peulik, en extinct volcano, 
forms a conspicuous topogrqphic feature between Ugashik and Beeh- 
arof lakes. Although sculptured somewhat by gulches, it still pre- 
mrves its conical shape, and, rising to a height of about 5,000 feet 
above the lake, it dominates the lowlands to the northwest. 

A feature less impressive but no less notable than the mountain 
ranges is the great lowland plain that occupies more than half of the 
Masfra Peninsula, on its northwest side. This plain stands, for tho 
most part, less than 100 feet above sea level and consists of graasy 
meadows, marshes, and lakes. I n  summer travel in this lowland is 
confined to the rivers, which are sluggish and easily navigated by 
small boats. The lowland has little attraction for man, however, 
and is almost entirely uninhabited except for the fishing communities 
along the coast. I n  winter it is occasionally visited by trappers. 

CLIMATE. 

No systematic weather records have been kept in the Cold Bay 
district, and as the climate there is completely influenced by local con- 
di t iay the weather rewrds for Kodiak, the nearest hiportant town, 
on Kodiak Island, more than 100 miles southeast of Cold Bay, are of 
little value for comparison. The following observations are there- 
fore based on experience during the summer of 1921 and on informa- 
tion obtained from persons who have lived for cansiderable periods 
of time in the district. An understanding of the geographic posi- 
t & ~  03 the Cold Bay district, which lies in a range of mountains 
that exhnds along the axis of a peninsula separating two oceans, goes 
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f w  toeexplain adomewhat unwurtl &&a&. T h k  part of the Alaska 
Peninsula is @ally notuble ;for its~prevdenf high winds and for 
the fnequency of cloudy and hggy:wea&er. Any differences in bam- w- 

mstrlo presrmretht may exist htween- the hcif jc  Oceaa and Bering 
Sea result in w&ds that blow across the penineula either from the 
northwest or from the southeast, and a complete reversal in the direc- 

k. 

tion of the wind often takes place suddenly. Furthermore, any wind 
that blows is a seeu wind, and the air, having a high moisture content, 
is chilled on p k n g  m r  the mountain barrier and forms fog or 
clouds; Thus windy days are generally cloudy or foggy, and as windy 
weather is the rub, the muntain topsiare generally in clouds. The 
few dear days th t  o c c u ~  in the summer of 1921 we* relatively 
calm. 

Although the aotual precipitation as rain or snow is probably 
moderate in amount, there are many days of drizzling rain or of 
driving wet fog i s i  which travel is disagreeable. The temperature is 
cool in summer and cold in winter. The winter snowfall is said to 
be light on the average, though in the winter of 1920-21 it was un- 
urnally heavy, and in September, 1921, many gulches still contained 
heavy snow bank$, even at low altitudes. It is said that them isi 
often insufficierit slaow for good sledding until after Christmm. The' 
winters are reported to be unusually severe, not so much on amaunt j 
of very low temperature as from the combination of cold and heavy 
wind. I t  is said that there are frequent in$ervals of mertal days 
eaeh during the winter when the heavy cold winds make, travel im- 
possible and whenmen the wild animals lie in shelter and refaas to 
brave the weather. 

VEQ;ETATIOH. 

The Cold Bay $strict is completeli lacking in timber, and the 
problem of obtaining lumber for buildiqgs an$ other structural pur- 
poses is a serious ope, as is that of obtaining fuel. Willoy and a l d g ~  , 

brush sufficient for the moderate needs of the camper can be found I a 
in most of the creek valleys at low dtitudes, but camp sites must gen- 
erally be chosen rather with a view to the availability of brush for 
fuel than for convhience in other ways. ' Most of the brush is small * 
and crooked, and poles long and straight enough to serve as tent 
poles are to be had at only a few places antl in a very meager supply. 
In  most places along the shore there is abundant driftwood, es- 
pecially at the heads of the bays, and this material is generally used 
as fuel and has furnished logs and timbers for building cabins. The 
Cold Bay field and the West field each contains a large patch of 
p a r a h  residbe, the accumulation of Ghe less volatile portions of 
petroleum that hw seeped from the ground and saturated the peat 
and soil near by, This residue is somewhat plastic and hay be cat 
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and burned ia stoves or under boilers. For camping or domestic use 
it i s  d&y and forms much soot, but it has been found to be a satis- 
factory he1  when used under boilers for power and will be a vdua- 
ble asset as fuel for oil-drilling rigs in this country, where other 
fuel is lacking. 

Grws for summer pasture for live stock is very abundant in most 
of the. stream valleys, and thousands of acres of luxuriant grass are 
available during the summer months. The prevailing variety is the 
m-cttW radtop, which grows in thick stands to a height of 3 or 4 
feet and furnishes excellent grazing from about the middls of May 
or the first of June until it is killed by frost some tima in Septem- 
ber- A h  it is frosted, however, it has little nourishment. It " 
makes a fair grade of hay if properly cut and cured. 

With the exception of the grassy valleys and their small areas 
of willow and alder brush, the surface of the ground is covered 
with st, mantle of moss and heather everywhere except on the highest 
ridges and the steepest cliffs and talus slopes. 

WILD LIFE. 

This part of the Alaska Peninsula is not a particularly good 
game country. A few caribou formerly ranged through this dis- 
trict, but they have completely disappeared. There are no moose 
or mountain sheep or gouts. The great brown bear is the largest 
wild animal and is abundant in those places where there are few 
people, but in the district here described the bears have been fright- 
ened away and are only occasionally seen. The ptarmigan vary in 
abundance from year to year; in 1921 they were numerous after 
a period of years during which they had almost disappeared. A - 
few Arctic-hare were seen during the summer. Ducks and geese 
breed in great numbers on the lakes and in the low marshy areas. 

This region is notable for the abundance of its food fish. The lakes 
and streams are stocked with trout and grayling the year round, 
and in the summer they teem with salmon. The red salmon, the 
m& *desirable variety, come into Bristol Bay in the early summer 
and follow the rivers up to their spawning grounds in the lakes and 
smaller streams, and an extensive canning industry has been es- 
tablished on Bristol Bay. The Pacific streams have only a aeager 
run of red salmon, though other varieties are present in abundance. 
There are prolific fishing grounds for halibut, cod, and herring, 
almost completely unexploited, and many other varieties of edible 
fish are obtainable. 

The tmpping of fur-bearing animals for their pelts is carried on 
each year by natives and by a few white trappers. Many red fox 
and a lesser number of silver-gray fox are taken, as well as mink, 



mart&, ermina-md laad, &e~- ;iThbieoset was h m e r l y  a rich 
hunting groynd $or the highly prized sea otter, but they are now 
almosf exterminskd, and th&r captlim is forbidden by law. 

POPULATION. 

The only permanent native settlement is the Aleut village .of 
Katnatiak, at Ule.head of Portage Bay, with a population in the winter 
of 90 to  40 peopb These natives scatter in the summer, many going 
to Bristol Bay to work in &he salmon canneries, and others spending 
the summer at r ;betnporary village near the head of Becharof Lake 
in catching & w i n g  salmon. In  August, 1921, there was only 
one family reaidat at Kanatsk. These natives belong to the Rus- 
sian church and indeed have' a considerable admixture of Russian 
blood. They eke out a precarious living by fishing, hunting, and 
trapping and on occasion 611 perform services for w a p ,  espe- 
cially as guides and packers. Most of them are improvident and 
fail to cure enough fish during the summer, when salmoa are easily 
caught and dried, to last through the cold months, and by late win- 
ter they are usually on the verge of starvation. On this coast, how- 
ever, it is always possible to catch fish when the weather permits. 

The white poplation of this district is extremely variable and 
depends in large measure upon the activity in the oil fields. I n  the 
period from 19Q2 to 1904, when activa'de~elo~ments were under way 
near Cold Bax, a sonsiderable number of white men were engaged in 
road building, dcilling, and prospecting. A base camp was estab- 
lished on the we& shore of Cold Bay, near its entrance, and several 
substantial frslpa,buildings were constructed. These buildings are 
, still intact and are now used as a trading station. A small stock of 

goods is kept at the store, and this has long been the supplq point for 
the district. 

Fmm 1904 to 1990 the permanent white populakopL was limited to 
one or two pew- at the trading post, a very few holders of oil claims 
who qtained their faith in the district, and a few $rappers. In  the 
spring of 1920, after the passage of the oil-land leasing law, there 
was a pew infltg k the district, and tbere has since been a variable 
populqtion, cbpsqdSng upon the season and qpon the activity of gov- 
ernmental and private surveys and esaminations. I n  1921 several 
new buildings wmeerected at the head of Portage Bay, near the 
native village of Kanatak, a small stock of goods for sale was landed 
there, and that point was generally considered the port of access to 
the oil fields of the district. Probably a dozen white men spent the 
winter of 1921-22 in the region. Plans were said to be under way 
for active drilling in 1922, and the future of the district will depend 
upon the degree of success in the oil-field developments. 
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BOUTES OF TRAVEL. 

The Cold Bay district is invariably approached by sea from the 
e& A regqlar steamship service is maintained from Seattle by way 
of ' e k s  ports to the town of Kodiak, on Kodiak Island, with sail- 
ings sckeduled about once a month, the trip requiring 10 or 12 
days. From Kodiak the usual means of travel to the peninsula is 
by means of small motor boats that make occasional trips or that 
may be especially chartered. Most of these boats take about 24 hours 
for the run from Kodiak to Cold Bay or Portage Bay. A monthly 
mail boat leaves Seward and after stopping at a number of Cook 
Inlet ports calls at Cold Bay. This boat (1921) has accommodations 
for a few passengers, but its route to Cold Bay from Seward is indi- 
rect. I n  1921 the steamship from Seattle made one call at Portage 
Bay to discharge passengers and cargo, and if active development 
work is begun in the district and there is sufficient traffic to justify 
it, some port in the Cold Bay district will no doubt receive regular 
calls from the through ships from Seattle. Plans were also under 
way to establish a better mail service. 

I n  1921 there were no wharves or other landing facilities any- 
where in the district, the waters were largely uncharted, and so 
far as is known there was no anchorage for large vessels protected 
from south and east winds. Passengers and freight could be landed 
only by small boat or by lighter, and the only lighter available was 
a privately owned one that was at  Portage Bay for part of the 
summer. I f  the oil fields are developed and prove productive some 
batter lsnding fac~lities will have to be provided. At present Cold 
Bay seems to be the best harbor, for i t  is said to have plenty of 
deep water and offers fair protection from north and west winds, 
but in south and east gales ships can not safely enter or lie at 
anchor there, and the bay is inconveniently far from the promising 
West field. Portage Bay and Kialagvik Bay are about equally dis- 
tant from the West field, but Portage Bay is better located with 
respect to the Cold Bay field. Portage Bay at present seems to have 
been generally selected as the port of the district, and in 1921 most 
of the p w n g e r s  and supplies were landed there. Vessels draw- 
ing 4 or 5 fathoms can enter the bay, and a lagoon affords good 
protection for small craft. Most of the bay, however, is shallow. 
Large ships can not approach close to the village site s t  the head 
of the bay, and they have no protection from south winds. Besides 
the natlve village of Kanatak there were half a dozen small build- 
ings at the head of Portage Bay, and trails radiate from the vil- 
lage to both the West and the Cold Bay oil fields. 

There is a lack of agreement among those interested a s  to whether 
Kialagwk Bay does not ~ f f e r  a better harbor and port for the West 
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field &an Portage Bay. The distanci, .Ijy trail is about the same, 
bat t b  Kialad9;  Bay route demands less climbipg a~lg offers better 
grad&. It is said that Kialagvik Bay has an e n t r a w  channel 
contaip;ng deep water, has sufficient water inside t$e inclosing 
islands for anchorage, and gives protection in gales from any direc- 
tioh. The questibn as to which bay is more suitable for development 
into 4 port can be determined only when the waters have been 
adequately chart+. 

Within the district travel from place to place is fairly easy. There 
are many easy passes from the Pacific slope through the coastal 
mountains to the interior, and these passes and the large lakes and 
t b i r  outlets t-gh sluggish rivers to Bristol Bay have long been 
used by the n&kes in their journeys from the Pacific coast to 
Bering Sea. F<m Cold Bay there i re  easy passes to the Kejulik 
(Garkulik) V a l e ,  and a wagon road was built by way of Trail 
Creek to the well sites near the divide between Cold, Bay and 
Becharof Lake, rt distance of 7 or 8 miles. This road is now badly 
oat of repair but can still be used for pack horses. From the end of 
the road an easy route is available to Becharof Lake. With the 
exception of the ,wagon road and a trail from Kanatak to a native 
fishing village on Becharof Lake, there were scarcely any 'discernible 

in the spring of 1921. By fall, however, the 
t travelerg $ad bpten out plain trails in many 
ould be followed ,continuously from Cold Bay 
way af Trail and Becharof creeks, wross, Benr 
valleys, and. down Kanatak Creek to Kpnatalg.7 
broken$ from Kanatak around the head of 
thence across the hill to the head of Ugashik 

 re& and to the West field. Passable routes are available from Oil 
Bay up Oil C q k  to the head of Becharof Creek; from Dry Bay 
up Rex Creek t i  Arvesta or Porcupine Creek; from Jute Bay into 
the valleys of both Bear and Salmon creeks; from Portage Bay by 
two routes to Becharof Lake; and from Kialagvik Bay by half a 
dozen passes through the mountains to the Ugashik L&e drainage 
basin. Pack horses may be taken to almost any; place desired, and 
grass is su5c@ptly abundant everywhere during the summer to 
afford plentifqlt,forage. There are few places in Almk where 1qnd 
travel for ho- and men is so erpy. 4 5 < ,  ., 

I n  the lack of an accurate topographic base map in the field, it 
has 'been possible to delineate only a few of the larger geologic 
hti%es on the'geologic map (Pl. 11). The preeent investigatiooai 
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was a reconnaissance only, with especial attention to study of the 
rock structure and of the possibilities of the district as a potential 
oil field. Little time was available for the tracing out of the con- 
tacts between lithologic units. I t  may be said, however, that this 
district is in many ways ideal for detailed geologic mapping, for 
exposures are generally abundant and good, the rocks are divided 
into rather distinct lithologic units, and from most of them fossils 
can be obtained. Furthermore, the attitude of the beds is such that 
although a thick series of rocks is exposed, the structural features 
are large and persistent and can be easily recognized, even from a 
distance. Even in a reconnaissance examination much more detailed 
information was obtained in places than can be shown on a map of 
the scale of Plate 11. 

I n  a study of the stratigraphy and structure of an area such as the 
Cold Bay district it is often difficult or impossible to trace the 
boundaries of a particular bed continuously, or to correlate the beds 
of one locality with those of another on the evidence of their simi- 
larity alone, for rock beds may vary greatly in thickness and character 
within short distances. I n  such places the fossil remains of animals 
and plants may prove invaluable in correlating the beds in one part 
of the area with those in another and with beds of the same age in 
distant areas. In  the Cold Bay district the fossils collected were of 
the greatest aid in making such correlations. About 40 collections 
from as many localities were made by the writer and his assistant, 
W. R. Smith, and 10 collections made by Ernest Marquardt were 
genemusly turned over by him to the Geological Survey for identi- 
fication and use. The localities from which dl these collectioas were 
made are indicated on Plate 11, and lists of the fossil forms as deter- 
mined by T. W. Stanton are given in the descriptions of the rock 
formations. 

The geology of the Mesozoic rocks of the Alaska Peninsula has al- 
ready been discussed in some detail, and for a correlation of the rocks 
of the Cold Bay district with those of other parts of the peninsula 
the reader is referred to the original descriptions.12 

A generalized section of the sedimentary rocks of the Cold Bay 
district is given on page 91. (See also fig. 5.) 

PMartin. G. C., The petroleum fields ot the Pacific coast of Alaska : U. 8. Qeol. Survey 
BnlL 260, pp. W 9 ,  IS06 ; Notes on the petroleum fields of Alaska: U. 8. -1. Burvey 
Bull. 259, pp. 134-139. 1905. 

Stanton, T. W., and Martin, G. C., Mesoeoie section on Cook Inlet and Alaska Panin- 
=la: Geol. 8 o c  America Bull., vol. 16, pp. 893497, 401402,  1905. 

Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula: U. 8. 
Geol. Survey Bull. 467, 1911. 

Ibomt, F. H., The Iniskin-Chinitna peninsula, Alaska: U. 8. GeoL Survey Bull. - 
(in preparation ) . I 
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Cfener~Z&& secticm of the sedamentary rocks of  the CoZd Bay didrict.  . 
a Upper Jurtlaeic: Feet. 

+ ' 
- ';. Naimek formation (conglomerate and arkosic 

mdetane from 1,000 to 3,000 feet thick, over- 
lain by sandy shale) ....................... 5, @lo+ 

Sheligof formation (700 to 1,000 feet of black 
shale, with some limestone lenses at top, over- 

;C lying a thick series of sandstone, with minor 
amounts of conglomerate and sandy to cal- 
careous shale; carries the Chinitna fauna) ---5,000-7,000 

Unconformity. 
Middle Jurasfjic : Kialagvik formation (sandstone 

and sandy shale at Kialagvik Bay) -------------- 500+ 
Lower Jurassic (calcareous sandstone and sandy 

shale, with limestone at Cold and Alinchak bays) -- 2,3002 
Upper Triassic (thin-bedded limestone and cal- 

eareous shale with basaltic dikes and sills at Cape 
Kekurnoi) ................................... -̂. 1.000-k 

The ddest rocks in the district include Upper Triassic sandstone, 
calcareous and sandy shales, and limestone, with basalt dikes and sills, 
that occupy the end of the peninsula back of Cape Kekurnoi, at the 
northeast entrance to Cold Bay. These rocks are in places highly 
contarted but in general dip 15"-25" NW. Apparently they either 
form the northwest limb of an anticline whose crest lies out in She- 
likof,Ejtmit or are terminated in that direction by a fault. No older 
rocks are known on the Alaska Peninsula, and in fact these are the 
only Triassic rocks that have been rebognized. Their total area on 
-1snd is only a few square miles, 

Next younger than the rocks of known Triassic age is a series 
that crops out along the north shore of Cold Bay and consists mainly 
of sandstone and shale that are in part highly calcareous and in 
places include beds of impure limestone. These beds are somewhat 
contorted and faulted, but apparently they lie conformably above 

i- the Up,per Triassic sandstone. TgG-have yielded fossils that are 
apparently of Lower Jurassic age. Their area is small, and they 
have not been recognized except on the peninsula back of Cape 
Kekurnoi. 

Except in the small area of Triassic rocks near Cape Kekurnoi, 
all the sedimentary rocks of the Cold Bay district are of Jurassic 
age. Middle Jwassic beds are represented by a narrow belt of sand- 
stone and sandy shale that occur along a part of the northwest shore 
of Kialagvik Bay, where they appear to lie unconformabl~t beneath 
the Upper Jurassic beds. Only a part of the Middle Jurassic series 
that occurs farther north in Cook Inlet, at  Tuxedni Bay, is present 
here, and on Cold Bay Middle Jurassic beds have not been recognized 
sad are probably not present. 

10673"-2-7 



Ia by far ths$reater pr@ of the Cold Bay district tire preniling 
rocks are of Upper Jurassic age. The entire thi~lmess of upper 
Jurassic beds is at least 10,900 feet and may be considerably more. - 
These rocks h a w  @specid- economic importance, for -k4b f r a n  them 
that the oil seepages of the district emerge, and they o.Ber the most 
promising beds for oil exploration. On the accompanying map they 
have for convenience been divided into two portions. The lower por- )r 

tion consists predominantly of sandstone and shale and is overlain 
by a heavy conglomerate that forms the basal member of the upper 
portion, which also includes conglomerate, arkosic and tuffaceous 
sandstones, and smdy shale. No sedimentary rocks younger than the 
Upper Jurassic occur within the area shown on Plate II. 

Igneous rocks are rather sparingly represented in this district. 
Some basaltic dikes and sills or interbedded lava flows occur in 
the Upper Tri-ic limestone of Cape Kekumi,  and basic dikes 
cut beds of Upper Jurassic age on Cold Bay. On Portage Bay a few 
dikes:also cut Upper Jurassic beds. An area of granitie rooks is re- 
ported on the west shore of Becharof Lake, but it wae not visited, 
and its area and outline are unknown. These rocks, however, doabt- 
lees cut beds of Upper Jude age. 

The most recent hard rocks in the district are the lavas snd 
intrusive masses associated with the old volcano Mount Peulik. 
Nothing definite is known of the age of this,volcano except &hat 
its lavas broke &rough Upper Jurassic rocks and were p&d out 
over them. Thwpresent form of the mountain, howaver, and the 
relation of its lava flows to the topography indicate that&b wleanic 
activity occurre& in comparatively recent geologic Cime and that 
thismlcano is fa be correlated with the other volcanic peaks of the 
Alasb  P e n h h ,  including Mounts Katmai, Douglas, Chernsbura, 
Bliama, and Redoubt, most of which are still smoking. 

The only known locality in the Alaska Peninsula in which 
Triassic rocks ocqur is at Cape Kekurnoi, where a small area extend- 
ing fmm Cold 4tag northeastward to Alinchak Bay is pccupied by " 

beds of this a&, . This formation inciudes a thickness p$imtlted as 
well wer  1,w @t of hard, dense thin-bedded limestope q d  Limy 
shale,.,eut~ by and sills of bwalt. There is evidenca that some 
of the bodies Olf ;basalt are lava f l o q  interbedded with the sedi- 
ments, but this m s  not .proved conclusively. Near Cape Kekurnoi 
the beds are 1wlLily much distorted and folded in several directions, 
and the included basaltic intrusives are metamorphosed l~nd  retieu- 



lated with a network of calcite veinlets. Farther northwest, along 
the shores of Cold Bay, the structure is less intricate, and the beds 
ham. ra geuz~tral northeasterly strike and dip 10"-20° NW. Calcite 
veinlets are abundant in the limestone. 

Many layers of the limestone abound in fossil shells which con- 
sist almost exclusively of the single form Psezcdonumotis., A col- 
lection from this locality was reported on by T. W. Staston as 
follows : 

20823. No. 1-128. North shore of Cold Bay half a mile northwest of mouth 
of bay : 

Stoliczkaria sp. related to S. granulata (Stoliczka). 
' Pwudomonotis eubcircuIaris (Gabb) . 

Upper Triassic. 

In proceeding northwestward along the shore of Cold Bay, and 
so getting higher in the stratigraphic section and above the Pseu- 
domumotis-bearing beds, the observer notes that the zone of limestone 
and calcareous shale gradually gives place to less calcareous and 
more sandy beds, and some distance farther northwest the sandy 
beds contain fossils of Jurassic age (fig. 5, A). The Upper Tri- 
assic beds are therefore considered to end at the point where the 
sandy phase begins to appear, but there is apparently perfect con- 
formity between the Triassic and Jurassic beds, the transition having 
been marked by continuous deposition but a gradual change in the 
character of the material deposited. 

At Alinchak Bay, the next indentation northeast of Cold Bay, the 
succession as reported by Martin l3 consists of basic igneous rocks at 
the bottom, succeeded by contorted cherts that have yielded no fos- 
sils, and these in turn overlain by shale and limestone yielding Psew 
dopnonotk. " 

C J  I JURBSSIC SYSTEM. 

LOWER JUBASSIO SERIES. 

The only known 'Lower Jurassic rocks of this district, and io 
fact of the Alaska Peninsula, occur near Cape Kekurnoi ,in a 
narrow .belt that extends from Cold Bay across the narrow 
peninsula to Alinchak Bay. The Triassic rocks at  the cape, de- 
scribed above, become more sandy and less calcareous northwest- 
ward from the highest Pseudmorwtis zone, although without any 
observed structural break. The transition from the Triassic lirne- 
stone and limy shale to impure limestone, calcareous sandstone, and 
shale is gradual, and it is believed that depositkn was here continu- 
OUEL About 13 miles from the cape a collection of fossils was made 

-Martin, C. C., Preliminary report on petroleum in Alaska : U. 5. Geol. Silrvey BulL 
718, p. 68, 1921. 



that has been cfetermined by T. W. Stanton as prabably of Lower 
Jarl~ssic age. &s determinations are a s  follows : 
~~. No. I-l!2?. North shore of Cold Bay, If miles northwest of mouth .R 

of bay: 
Terebratola sp. 
Rhynchonella ep. 
Leda? sp. -. 
Nucula? sp. - 
Pleurotomarla? sp. 
Several genera of ammonites which in form and sculpture re~emb1e 

Arietites, Aegoceras, Amaltheus, etc., but which do not show details 
of sutures and can not be positively identified. 
This lot is probably from the Lower Jurassic and older than the old- 

est fauna from Kialagvik Bay. 

The sandstone from which this collection was made and some sim- 
ilar conglomeratq for some distance above and below the fossilifer- 
ous zone are characteristic in that they contain rabundant p i n s  of 
bright-red jasper and brightly colored greenstone particles, with 
larger fragment; of carbonaceous shale. 

Of the total thickness of about 2,300 feet of beds here included in 
the Lower Jurassic, the lower 1,500 feet is prevailing limestone and 
limy sandstone and shale at the bottom and prevailingly sand- 
stone at the top. I t  was in the upper portion that the only fossils 
were found. Above the portion in which sandstone is dominant 
there is about 800 feet of beds that consist mainly of black to rusty 
weathered sandy shales with some thin beds of limestone. I t  is not 
certain that these shaly beds belong in the Lower Jursssic, but as 
they seem to lie canformably on the sandstone, they are here hntrt- 
tively included with the Lower Jurassic. The shales are overlain 
by a cmglome~ate 75 feet thick which is believed to mark an uncon- 
formity between the Lower Jurassic and the overlying Upper Ju- 
rassic beds. It is possible, however, that these shales are to be corre- 
lated with the shales in the lower part of the Shelikof formation, 
as eqposed in the Kialagvik Bay section (fig. 5, C) ; if so, they are of 
Upper Jumssic age. 

The general structure of the beds above described is monoclinal, 
with a general northeasterly strike and dips of 10"-25" NW: 

w 
MIDDLE JUBASBIO naRfEB. 

K I A U O V I X  FOBYA.FLOH. 

The rocks here named the Kialagvik formation occupy a n a k w  belt 
along the northwest shore of Kialagvik Bay from a point near the 
month of Pass Creek to the southwest end of the bay. Their extent 
southwest of the bay is not known. They consist of a few hundred 
feet of sandstone, sandy shale, and conglomerate that form the bluffs 
along the beach and extend a short distance inland. 
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Little is known of the character or thickness of this formation, for 
the o u ~ r o p s  are scanty and are largely limited to rather widely sepa- 
rated exposures in the shore cliffs, in which massive sandstone, sandy 
shah, bnd conglomerate were seen. The exposures are so far from 
one another that it is not yet possible to construct the stratigraphic 
section. The contact with the overlying Shelikof formation is in 
most places concealed on the vegetation-covered benches'between the 
shore and the mountains, but on the shore a short distance east of 
the mouth of Lee Creek a conglomerate was seen overlying with 
angular unconformity a series of sandy shales, and this unconformity 
is believed to mark the contact between the Shelikof formation and 
the Zidagvik beds. The Kialagvik formation is abundantly fossilif- 
erous, and its fauna is somewhat different from any other known 
Alaska fauna. I t  is considered by Stanton to be either the correlative 
of the basal part of the Tuxedni sandstone of Tuxedni Bay or to be 
slightly older and is therefore of Middle Jurassic age and represents 
only the lower portion of the Middle Jurassic. At the type locality 
of the Tuxedni sandstone there is a thickness of several thousand feet 
of Middle Jurassic sediments that are not represented in the Cold 
Bay district. These missing beds may, in part at least, have never 
been laid down in the Cold Bay district. The presence of an angular 
unconformity at Kialagvik Bay, however, and the absence of most 
of the beds of Tuxedni age there and at Cold Bay indicate that there 
was an erosion interval of considerable duration in the Cold Bay 
district during Middle Jurassic time, and that some Middle Jurassic 
beds were then removed by erosion. 

The following fossil collections from the Kialagvik formation 
were identified by T. W. Stanton : 

I M M .  No. 1-104. Kialagvik Bay, about 9 miles northeast of southwest end 
el' bay and 1 mile southwest of mouth of Pam Creek: 

Ostrea ~ p .  

Anomia? sp. 
Pecten sp., smooth form. 
Pecten sp:, ribbed form. 
Pecten sp., large, very coarse ribbed form. 
Lima sp. related to L. gigantea Sowerby. 
Cucullaea inc~ebescens White. 
Grammatodon sp. 
Protocardia sp. 
Venerids? 

. Pleuromya dalli (White). 
Thracia? sp. 
Turbo? sp. 
Hammatoceras howelli (White). 
Hammatoceras? kialagvikense (White). 
Harpoceras whiteavesi (White). 
Phylloceras sp. 
Bt$emnites sp. 



species in this list were all odgllatUly.&wglbed by white 
collection fmm Kia&@k Bay, probably from same 

locality as the present lot. PganW$cj Ma referred the ,fa-, to w3e 
upper Lias, and Hyatt mi? t+t the nearest relati-vep,$a ffauqa 

' 
are found in the " l o w & t ' ~ r t d  of the Inferior Oole ,  in f imahons 
placed by many Germdn m6" French auaors  in the upper Liaa" It is 
either basal Tuxedni or slightly lower. 

10808. No. 1-107. Kialagvik Bay, 8 milee from southwest end: 
Pecten sp.. ripbed form, same as  in lot 1-104. 
Inoceramus lucifer Eichwald? 
~ammat&s  sp., related to H. howelli (White). 

5 

Hammatocerea sp., related to H. variabile (D'Orbfgny) 
. These beleng in the same general fauna with lot 1-104. 
10801. No. 1-108. Same as  1-101, but 100 yards farther southwe@ Moeg the 

shore : 
Peeten sp., smooth form. 
Lima sp., small costate species. 
Pteria sp. 
Grammatodon sp. > I  _ 
wigonia eg, wstatae group. , ,  . ~ 

I .'. 
Trlgonia sp., glabrae group. 
'higonia sp., davellatae group. 
Qpricardia? sp. 
Pleuromya d&i (White). 
pleuromya? sp. 
Tancredia? sp, 
Cerithium sp. 
&ammatoeeras sp. related to H. howelli. 
Hammatoceras ? sp. related to H.? kialagvikense. 

Either baed Tuxedni or slightly lower. 
10808. No. 1-110. Shore cliffs on point 2 miles from southwest end oi 

Kialagvik Bay : 
Pecten sp., smooth form. 
Eumicrotis? ep. 
OncuBaea sp. 
Trigonia, three species: . w -. 
Protocardia sp. 
Eammatoceras? kialagvikense (White), 

Same fauna a s  10804. 
10809. No. 1-113. On creek that enters Kialagvik Bay from $he northwest a t  

southwest end of bay. Lowest collection: 
Ostrea sp. 
Inoceramus lucifer Eichwald? 
Pleuromya sp. 
Sonninia? sp. 
Belemnites sp. 
This little collection permits pretty detlnite correlation with the lower 

part of the Tuxedni sandstone. The ammonite Soaninia and the Imcera- 
.mus are both identical with forms in No. 33 of Martin's Tuxedni Bay 
section (U. S. Geol. survey Bull. 485, p 61), which is 250 feet abave the 
base. 

11064, 11065. Noa E-1, E-2. These collections contain only forms fohnd in 
10804. a ,  i 

2 ,  
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ICn discussing the above collections as a whole, Stanton makes the 
following statement : 'a 

-e Lot No. 1-104 from Kialagvik Bay contains the fauna, rich in ammonites, 
deerribed by C. A. White many years ago from the same locality. Lots 1-107, 
108, and 110 also have the same or a closely related fauna. The ammonites of 
this fauna are all different from those of the Tuxedni sandstone, which also 

-r has a varied ammonite fauna, but some of the other mollusks of the Kilagvik 
Bay fauna are identical with species found in the lower part of the Tuxedni 
sandstone. A faunal zone in No. 33 of the type section of the Tuxedni sand- 
stone, 250 feet above the lowest bed of the formation there exposed, seems to 
be pretty definitely represented in lot 1-113, which I am assuming to be higher 
than 1-104. I judge therefore that lot 1-104 is not much older than the lowest 
fossiliferous bed of the Tuxedni Bay section and that its horizon may well be 
included in the Tuxedni formation. I would refer it to the lower part of the 
Middle Jurassic rather than to the Lias or Lower Jurassic. 

UPPER JUBASSIU SEBIES. 

SHELIKOB FORMATION. 

Rocks of Upper Jurassic age predominate in the Alaska Peninsula 
from Cape Douglas to Chignik, and in the Cold Bay district they 
occupy by far the greatest part of the land surface. Lithologically 
and on the basis of the fossil fauna these Upper Jurassic beds may be 
divided into two main divisions, of which the lower is here called the 
Shelikof formation and the upper the Naknek formation. The Sheli- 
kof formation is so named because i t  is the prevailing rock formation 
on the northwest shore of Shelikof Strait from Katmai Bay at least 
as far.southwest as Hiirlagvik Bay, and in the Cold Bay district it 
forms nearly all the bold headlands and coastal mountains that are 
visible from the strait. A general idea of the lithology of the Shelikof 
formation may be obtained from the columnar sections shown in 
figure 5, A and C. Although the thickness and the relations of its 
different members vary considerably from place to place, some fea- 
t@& ape rather constant. Nearly every normal section shows thak 
th&"tippermost member, lying immediately beneath the basal con- 
glo'memte of the Naknek formation, consists of a massive black shale 
from 700 to 1,000 feet thick whiJl contains some limestone lenses and 
nodules. This shale is in places sandy and calcareous and is poorly 
fossiliferous. I t  has great economic significance in certain areas, 
for under proper structural conditions it should serve admirably as a 
cap rock to retain oil or gas. 

A number of fossil collections were obtained from this shale and 
are described by T. W. Stanton as follows : 
10791. No. 1430. About 300 feet below the base of the hkknek on the Bear 

Creek-Porcupine Creek divide, 5 miles east-southeast of the mouth of Bear 
cweek : 

perebratula ? sp. 
Thracia sp. 

Jurassic ; formation not determined. 



1Qw %. 1-86, &put 200 feet below Base of Naknek on Bear Creeg-Salmon 
Creek divide 44 mi% east-qutheast of mouth of Salmaa Creek: 

Nucula sp, a. 
-kncula sp, b. 

F 

Pteria sp. ' 

' Crammatodon sp. 
Thracia? sp. 
Dentaliurn ep. % 

Amberleya s q ~  
Jurassic; filrmation not determine& 

1079$. No. 1-79. About 300 feet below baae of Naknek on shore of Portage 
Bay half a mile southwest of Kanatak village: 

Serpula sp. 
 ramm mat ado^, two species. 
Nucula sp. 
Pteria sp. 
Astarte? sp. 
Undetermined gastropod. 
Memnites tip., fragment. 
'Jurassic; formation not determined. 

Although the a b v e  faunas were not characteristic enough to war- 
rant a close age determination from the fossil evidence alone, the 
field relations of t+e shale from which they came admit of no doubt 
that this heavy shale lies immediately beneath the persistent con- 
glomerate that is hlieved to mark the base of the Naknek formation, 
and the shale is &erefore included with little uncertainty in the 
Shelikof formatidn, which, at least in large part, is to be correlated 
with the Chinitna shale of Chinitna Bay. 

Beneath the heaV shale member just described the Shelikof for- 
mation comprises 4,000 to 4,700 feet of beds that consist dominantly 
of massive brown to gray sandstones, with minor amounts of shale 
and of conglomerate. In  many places tb sandstone is congretionary, 
+he concretions ranging from small hard ~ e l $ ~ s o u n d 4  spherical 
bodies a few inoh- to a foot or more in diameter to l a w  iqegu- 
hr, pyr ly  defiaed masses with indefinite boundaries. The sand- - 
& , p i  md includ4 shale are locally calcareous and are in places 
so impure that they might well bd called sandy shales. The only 
lacalities visited where the base of the Shelikof formation was seen 
are at Cold Ray aod on the creeks tributary to Kialagvik Bay from - 
the northwest. On Kialagvik Bay the lower 1,500, feet of the forma- 
tion is mostly shale, with some limy lenses and concretions. At Cold 
Bay the lower limit of the formation is placed at a conglomerate 
below which is 800 feet. of shale that has been tentatively placed in 
the Lower Jurassic, though it may correspimd to the basal shale of 
the Kialagvik Bay pction and therefore properly belong in the 
Shelikof formation. 
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The characteristic fossil of the Shelikof formation below LM upper 
shale member is the ammonite Gadocercas, which correlates thz lower 
part of this formation with the Chinitna shale of Chinitna Bay, of 
Upper Jurassic age. The following collections of fossils from this 
formation have been identified by T. W. Stanton: 

10'787. No. 1. Dry Bay, three-fourths of a mile north of the mouth of Rex 
Creek, a t  a n  elevation of 1,150 feet: 

Cadoceras sp., fragment. 
Phragmacone of belemnite. 

Chinitna shale. 
10788. No. 2. East shore of Ju te  Bay, half a mile south of head of bay : 

Terebratula? sp. 
Inoceramus sp., young shells. 

Jurassic; formation not determined. 
10790. No. 1-67. About 33 miles above mouth of Rex Creek: 

Terebratula? sp. 
Pleuromya sp. 
Cadoceras grewingki Pompeckj? 

Chinitna shale. 
10800. No. 1-95. About If miles northeast of mouth of Big Creek, a tribu- 

tary of Kialagvik Bay a t  its northeast end: 
Terebratula sp. 
Cadoceras? sp. 
Belemnites sp. 

Probably Chinitna shale. 
10801. No. 1-96. Same a s  1-95, but about 1,200 feet higher in section: 

Cadoceras sp. related to C. schmidti Pompeckj. 
Chinitna shale. 

lOW2 No. 1-98. Shore of Kialagvik Bay 1 mile south of mouth of Big Creek : 
Inoeeramm sp. related to I. eximius Eichwald. 
Belemnites sp., fragments. 

Jurassic ; formation not determined. 
10803. No. 1-101. Kialagvik Bay near Barabaru on point 13 miles south of 

mouth of Big Creek : 
Cadoceras doroschini (Eichwald) ? 
Belemnites s p ,  fragment 

Chinitna shale. 
10805. No. 1-105. Kialagvik Bay stratigraphically 1,000 feet more or  less 

nbove 1-104 : 
Inoceramus sp. 
Cadoceras grewingki Pompeckj? 
Belemnites sp. 

Chinitna shale. 
10810. No. 1-114. On creek that  enters Kialagvik Bay from the northwest a t  

extreme southwest end of bay. Higher in the section than 1-113: 
Cadoceras? sp., a single crushed specimen. 

I f  the genus is correctly identified, it  indicates a horizon within the 
Chinitna shale. 

10811. No. 1-115. Same a s  1-113, but higher in section: 
Grammatodon sp. 
Phyllocems ap. 
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f08ik2. No. 1-2143. Same a s  X-115, but high& in s m i o n  :-' ' ' -' 
Pecten sp., mmmth form. 
Astarte sp. , 
Pleuromya sp. 

- Thracia sp. 
Amberleya sp. 
Cadoceras wosnessenski Grewingk. 
Belemnites sp. 

Chinitna shale. 
10813. No. 1-117. Same a s  1-116 but higher in section: 

Pteria sp. 
Grammatodm sp. 
Cadoceras ~ o l o b o i d e  Pompeckj. 

Chinitna shale. 
10814. No. 1-118. Shore of Kialagvik Bay, 4 miles from i ts  southwest end; 

from a loose boulder: 
Pecten sp., moo th  form. 
fnoceramus 
Pteria sp. 
Pinna ap. 
Astarte. 
Pleuromya sp. 
Amberleya 6% 
Cadmras ' l  4: with narrow dp~bilfcu~. 
Belemnites gf3, 

i 

Probably Ghinitna shale. 
.10815. No. l-fl9.*& Creek, n'tributary sf  ~ i a l a g q h  Bay, collectk 3 miles 

above mouth of creek: 
Pteria sp., single imprint. 
Cadoceras sp., imprint of fragment. 

The C a d W a a  indictt'tes that the b& from which it came is in the 
Chinitna shale. 

10818. No. 1-126. North shore of Cold Bay, 4 miles horthwest of mouth at 
bav : 

Cadoceras doroschini Eichwald. 
Chinitna &We. .. 

10810. No. 1-125. Head of Cold Bay, on west shore threefourths mile south- 
west of mouth of &goon : 

&ria sp. 
Pleuromya sg. 

* 

Belernnites sp. 
Probably a Oglnitna shale. 

10822. No. 3. Head;6f creek above store. t X M  Eay : 
Pecten sp., ~m0oE.h form. 

,.Ganiomya sp. 
Tornatellaea? sp. 
Phylloceras sp. . ,  I 
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Uadocerae doroschini (Eichwald) 7, probably immature &ells. 

' Cadoceras grewingki Pompeckj ? 
Chinitna shale. 

'3@45' Nu. C. S o u t h ~ ~ t  shore of Uold Bay: 
Turbo? SP. 
Cadoceraa doroschini (Eichwald) ? 
Cadoeeras catostoma Pompeckj. 
Belemnites sp. 

Uhinitna shale. 
B: h%. E. Creek that enters Cold Bay at store: 
Reria ep. 

Not suacient for determining horizon. 
$1072. No. M-5. About 3 miles northwest of shore of K i a w i k  Bag on creek 

that emptiea into bay 4 miles southeast of mouth of Lee Creek: _I 

I Pteria sp. 
Burrow of a molluik? 
Cadoceraa sp., fragmentary imprint. 

Chinitna ahale. 

%& ~311 be seen from the above determinations that the portion of 
'rBBe4 Shelikof formation lying below the upper shale member is defi- 
RiteIy correlated with the Chinitna shale of Chinitna Bay, of Upper 
Jurassic age, and it is believed to be probable that these Cadocerm- 
bearing beds and the overlying 700 to 1,000 feet of shale that together 
form the Shelikof formation are in a general way to be considered 
the apmhtive of the Chinitna shale of the type locdity. 

NARNEK FOBMATION. 

m e  N a h k  formation is extensively developed in the part of the 
Alaska Peninsula here discussed, though most of its area lies on the 
Bristol Bay side of the divide. The formation as originally de- 
scribed by Spurr l4 from observations in the vicinity of Naknek Lake 
d Katmai Bay consists .of a series of granitic ark- and con- 
glomerate that he estimated to be about 1,500 feet thick, and these 
beds are probably exposed continuously from Naknek Lake and 
Ks6mai Bay to and beyond the Cold Bay district. As here used, the 
krm Naknek formation includes all the b e d s h  the area mapped 
(a. IIJ that lie &fatigraphically abve  the Shelikof formation. 
The basal member of the Naknek in this district is generally a 

mrse conglomerate that lies with structural conformity upon the 
tap of the upper shale member of the Shelikof formation, The 
conglomerate shows great variations in thickness from place to place. 
A& the head of Cold Bay there is a basal conglomerate 70 hek thick 
overlying the black-shale member of the Shelikof f o r d i o n  rurd 
succeeded by gray rrkosic sandstone conkaining scattered pebbles and 

148gurr, J. E., A reconnaissance of southwestern Alaska: U. S. Geol. Survey Twentieth 
4M. Pt. 7, m, 169-171, 1900. 



some thin beds' 6'f fine conglomerate (fig. 5, A). At the head of 
Dry Creek the conglomerate has thickened to 260 feet, a t  Bear Creek 
to about 300 feet, at the head of Portage Bay t a  500 or fjOO feet, end 
at the head of Lee Creek to a b u t  900 feet. I n  most placee a massive 
coarse conglomerate lies directly upon the top of the SWlikof shale. 
Elsewhere coam arkosic sandstone or alternating sandstone and 
thin conglomerate constitute the base of the formation, with the 
thick conglomerate higher in the section. At the head of Lee Creek 
(fig. 5, C) a hastily studied section seems to show a lower con- 
glomerate 900 feet thick overlain by about 1,200 feet of arkosic sand- 
stone b d  con$iimerate, which are in turn succeeded by a second 
conglomerate 800 feet or more in thickness. The Pearl Creek dome 
shows 1,500 feet of beds that 'include massive conglomerate, thin- 
bedded conglomerate, pebbly sandstone, and some shale, with the 
bottom of the formation not exposed. 
The basal conglomerate of the Naknek con&ts of welt-mwg3ed 

pebbles and boulders of igneous rocks, the most conspicuom of whkh 
ere gray granite and greenstone, in a matrix of coarse askosic,saad. 
In  some places the boulders are of fairly uniform size. In  othezs 
large and small boulders are mixed together. Granite boulders wv- 
era1 feet in diameter are common, and well-rounded boulders ti, 6, and 
even 9 feet in diameter were seen. A t  one place on the trail new Me 
main forks of Becharof Creek, on a dhbris-covered slope, a body of 
granite 10 feet wide and 30 feet long projects through conglomerate 
rltibris. It looks remarkably like an expasure of in place, 
but no other -9s of granite are known for many miles from this 
localitty, and graaitic rocks intrusive into the Naknek formation are 
nat h o w n  to exist in this district. The granite is of the same com- 
position and texture as that composing the granite boulders that &re 
m abundant in the conglomerate. 

The relationsof this granite mass to the structure of the surround- 
ing sediments require that it must be either the sharp pinnacle of a 
p i i z  mass buried by the conglomerate or the broken remnants 
of a remarkably large boulder. Well-rounded' boulders of similar 
granite as much IXS 8 feet in diameter lie on the surface not far away, 
and in view of allhhe conditions it seems likely that this i s  an unusu- 
ally large boukhm' weathered out from the underlying conglomerata 
The basal conglomeratic phase of the Naknek, whichsin this dis- 

& i t  lwally indudes also some ssnddne  and sandy shale, appgamb 
oorrespond c l d y  in position and cbrtlcter with the Cbisikl con- 
glomerate on C%ik Island and Iniskin Bay, as ,described by Martin 
k d  K&Z?~ ItS separation there was based solely on its lithologic 

'6 Martin, G. C., and Kate, F. J.. ~ f o l o &  rcconnnlssanco of the Iliamna region, Ala-: 
U. 8. Geol. Survey Bull. 485, pp. 68-69, 1912. 
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chmwtar, for a t  the type locality, as in the Cold Bay district, these 
beds are ahnos€ devoid of fossils. I t  is characterized wherever it 
has been studied by its coarseness and by its great variability in 
thicknes from place to place. It is desirable that this coarse basal 
phase of the Naknek should be separately mapped in the Cold Bay 
district, but time for this work was not available in the shod field 
season on which this report is based. On the accompanying map ' 

(Pl. 11) the basal conglomerate and the associated thinner beds of 
conglomerate and sandstone are included in the Naknek fomt ion ,  
in accordance with the earlier usage of that formation name. 

x 

Above the basal conglomeratic phase of the Naknek there is a 
variable thickness of light-gray to brownish-gray arkosic sandstone. 
Observed sections of this portion of the Naknek range in thickness 
from 500 or 600 feet to 1,600 feet, with an average of perhaps 800 feet. 
The sandstones generally contain pebbly beds and thin eonglom- 
erates, but very little shale. As described by Martin le the Naknek 
on the west shore of Cook Inlet contains arkosic sandstone, con- 
glomerate, shale, and a considerable admixture of tuffs and aadesite 
flows. In  the Cold Bay district no igneous flows or tuffs were noted, 
and arkosic sandstone, derived from the disintegration of a granite 
mass, predominates in the part of the formation above the basal 
conglomeratic phase and below the upper sandy phase, described be- 
low. The arkosic sandstone is not generally very fossiliferous, but 
it has yielded enough collections to show that it should undoubtedly 
be included in the Naknek. 

The highest part of the Naknek formation that has been recognized 
in the Cold Bay district consists of a heavy series of sandy shales 
that lie above the arkosic sandstone. These shales are well devel- 
oped between the extreme head of Becharof Lake and Mount Lee, 
where they have an estimated thickness of 1,200 feet, al-gh their * 
upper part has been removed by erosion. They are 
a wide development in the basin of upper Becharof 
tend northeastward into the Kejulik (Garkulik) Val 
the basin of the Ugashik Lakes. The shales are l d l y  fossiliferous 
and have yielded many forms of shells, the most common and most 
characteristic of which are several species of Auce2la. The collec- 
tions from the Naknek have been studied by T. W. Stanton, who re- 
ports as follows : 
10794. No. 140. Shore of creek between Lake Ruth and Becharof Lake at 

tipper Indian village : 
Pecten sp. 
Aucella sp. related to A. bronni Lahusen. 
Belemnites sp., fragments. 
Phylloceras sp., fragments. 

Nalmek formation. 

*Martin, G. C,, and glatz, F. J., op. cit., pp. 69-74. 
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1W. No. 1 4  about 1,000 feet above me brse ei t&e NaW& shale 3 d l &  
south@& of M m t  $&e and 1 mile west lof #gore of Bepharof Ldge : 

a Aucella s ~ .  ,@Wed to &i wrhxtoni (jbbb). 
, Phyllocerp .p 
' ~ ~ t a & s  &n's und&ermined. ' 

: ~ & e k  fi&imtion. 
WftIB. Nv. I*:,: About 1,000 feet above 

' four&# of a mile-+tbeast of 1-82: 
Ostrea sp. 
Aucella sp. related to A. bronni Lahusen. 
Astarte sp. 
Amberleya sp. - 
Phyllocerarr~u@, same as  in 1-82. 
Peris~hinctee, SP. 

Naknek formation. 
10788. No. 1-89. Naknek, 5 miles southeast of Mount Peulik: 

Pecten sp. 
Astarte ep., =me as  in 1-83. 
Aucella sp. related to A. bronni Lahtisen. 
Aucella sp, related to A. erringtoni (Qabb) . 
Turbo? sp. 
Phylloceras sp., fragments. 
Cardioceras sp. related to C. canadense Whiteaves. 

' 
Naknek formation. 

10199. No. 1-98. 5 miles south-southwest of Mount Lee: 
Aucella sp. related to A. bronni Lahusen. 
Pteria sp. 
Pleuromya ep. 

' Belemnites bp. 
Naknek formation. 

1-7. No. 1-122. Southeast shore of Becharof Lake betweq extreme sauth 
end ~ f '  lake and the fish village: 
, , Pteria sp. 

" i ~ u c e l b  sp. mated to A. erringtoni (Gabb). 
Ar*? Pip. 

Creek, Cold Bay: 
to A. bronni Lahusen. 

northwest of bead, of Cold Bay : 
Aucella @msi Lahusen? 

Naknek farmation. 
10827. No. 1-130. Two miles southeast of Bellim Bay, Becharof Lake: 

Aucella p a l h i  Lahusen ? 
Eumicrotis? ep. 
Tancredia Sp. 
Pleuromya sp. ,, 

Naknek formation. 
11W. No. 6-4. On summit of Crqoked Creek-Becharof Lake divide: 

Aucella ep. related to A. bronni Lahusen. 
Naknek formation. 

11070. No. 65. On ridge three-fourths mile north of 6-4. 
Aucella ep. related to A. bmnat Lahusen. 
Pleuromya ap. 
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11073. NQ. N-2. About 3 miles south-southwest of south end of Ugaehi$ 
Lakes : 

Aneella s p  related to A. bronni Lahusen. 
8 ' 

*. Naktnek fcrmation. 
.< ' 3 , 2 

QUATERNARY SYECEiU. 

. The consolidated sedimentary rocks of this district are 
of Upper Jurassic age, and the only geologic record naw remaining 
here of the long time interval that elapsed between the Upper Ju- 
rassic and the Quaternary is to be found in the volcanic rocks of 
Mount Peulik. I t  should not be understood, however, that during 
this long period the Cold Bay district remained a land area and 
received no sediments. Farther to the southwest, a.t Herendeep 
and Chignik bays, there is a considerable thickness of Cretaceous 
sediments, and both souhhwest and noi-the& of the Cold Bay district 
there are beds af T e r t i e  age, and it is altogether likely that some 
of .these sediments were once present in the Cold Bay district but 
have since been removed by erosion. 

During Pleistocene time parts of this district were subjected 
to rather severe mountain glaciation. The limits of the glaciated 
area have not been determined, and morainal depositg are not con- 
spicuous, but all the larger valleys in the higher mountains show 
evidence of vigorous glacial scour, and glqcial ice on- pushed down 
to the sea in aU the bays of this district. Some idea of the develop- 
med of these ancient glaciers is given by the fact that at one time ice 
accumulated on the inland slope of the mountains north and wqst 
of Portage Bay to so great a depth that although the main glacial 
movement .was northward, into the basin of Becharof Lake, yet o w  
lobe spilled southeastward across Kanatak Pass, a t  an elevation of 
about 850 feet. As Lake Ruth, on the inland slope, has an elevation 
of legs than 50 feet above sea level, the glaaier thab moved into 
Bee$gatof Laka must have been over 800 feet thick st Lake Ruth. 
The numerous islands in upper Becharof Lake are reported tr, con- 
sist chiefly of morainal material, and it is probable that glacial ice 
filled the Becharof Lake basin at least as far north as Severson 
Peninsula. 

There are no glaciers now remaining in the area shown on Plate 
11, but in the high mountains southeast of the head of Kialagvik 
b y  there are many vigorous ice tongues, some of which are several 
miles long. 

In addition to the morainal deposits, the materials of Quaternary 
.age include the grasent stream gravels and beach deposits of sand 
and gravel. The rugged shore of the district is for the most part 
now subject to, wave erosion, and erosion is more prminent than 



deposition. ThrJb8hore line is a succession of wave-cut cliffs below 
which there is in most plsces a sand and gravel beaeh visible at 
low tide. At many places, however, sheer cliffs descend into the , 
water with no beach visible, even at low tide. Tha only beach 
deposits of considerable area are a t  the heads of the bays, where 
the shores are somewhat protected from the violence of the waves, 
and where the beach sand and gravel merge with thb delta deposits 
of tb streams. . 

mmam adcm 

The only igneous rocks seen in the district, besides the few small 
dikes and sills that cut the beds of Upper Triassic, Lower Jurassic, 
and early Upper Jurassic age, are the volcanic rocks a t  and near 
Mount Pe'ulig. 

The vicinity of ~ o u n t  Pe4ik haa been a center of volcanic ac- 
tivity from at l b s t  the Pleistocene epoch up to coinparatively re- 
cent geologic tibe. The mountain itself still retains a striking 
.conical form, only slighay dissected by erosion. This peak, which 
no lmger shows any signs of activity, is on the north edge of a 
much older crater which is outlined by the two forks of Hot Springs 
Creek. This older crater is deeply dissected and shows the up- 
turned edges of tihe Naknek llvtcks, thwugh which the vukano broke 
its way, forming a nearly circular rim around a central core of 
diorite porphyrg. Over &is rim lavd flows extend to :the east and 
to the southw&.' Mount' Peulik itself was not visit& bit  is believed 
to consist of cfoeeerly related rocks. It is reported -tW lavas from 
Mount Peulik e&end north and northeast of the peak, covdring a 
considerable a m  between the mountain and Becharof Lake. Other 
volcanoes aloug "the axis of the Alaaka Peninsula am .reported to 
~ n s i s t  of rocks'ranging in charactm from diorite to basalt. 

It is r e p o d  &at a considerable area on fhe lRest side of Becharof 
Lake, near t b  mmth of Featherly Creek, .is oecupied'by gnsnitic ~~ but this h a l i t y  was not visited, and neitfier the-out%ims ef 
@he ghnite adamor the relatjons of the intmive m a s  to the sur- .- 
rounding sediin&t&y rocks are known. 

A apecimen sf an intrusive rock from Aniakchak Bay, some 50 
miles southwest of Kialagvik Bay, proved to consist of quartz dio- 
rite porphyry containing abundant laths of hornblende. It is ap- * 

pamrrtly intrusive into Jurassic sediments. 
Near the head of Portage Bay a dike that cuts the Shelikof and 

Naknek formations is composed of diorits, in places heavily im- 
pregnated with small cubes of pyrite. The oxidation of the pyrite 
has locally stained both the d i e  and the inclosing sdmentrj! to a 
rusty red. 

The igneous rocks near Cape Kekurnoi consist of dikes and silk 
of basalt that cut the Triassic, Lower Jurassic, and Shelikof (Upper 



Jurassic) beds. The field relations suggest that some of the basalts 
may be lava flows interbedded with the Triassic l i m a e s .  

I N D I C A T I O N S  O F  OIL. 

For many years it has been known that the Cold Bay district 
contains indications of the presence of petroleum, and it was these 
surface evidences that led to the staking of many claims and to 
the drilling of several wells near Cold Bay in 1903 and 1904. Plate 
II shows the location of these oil seepages that were visited or that 
were reported on reliable information. I t  will be noted that 
all these seepages occur along two structural uplifta-the anticline 
that extends from Salmon Creek northeastward to Rex Creek and 
flakkens out at the northeast end, to be continued by the Dry Creek 
fault, and the Ugashik Creek anticline, in the vicinity of Pearl 
Creek, often called the Pearl Creek-dome. 

The most .frequently visited seepages are those on the head of 
Oil Creek, about 5 miles west of Cold Bay. Here the largest seepage 
emerges from a smooth vegetation-covered slope in which no rock out- 
crops can be seen. The oil, accompanied by an abundant flow of 
water and considerable gas, bubbles forth as a strong spring, the sur- 
face of which is coated with a thick layer of brown oil. A rough esti- 
mate placed the volume of the oil flow at about half a barrel a day. 
The gas flows by heads and is of sufficient volume to support a 
strong flame for several seconds at a time. From this seepage the 
escaping water and oil flow down a long grassy slope in which most 
of the oil is entrapped. Similar conditions have existed for a long 
t h e ,  with the result of building up a large area of the less volatile 
paraffin residue of the oil, which has now hardened to a stiff, putty- 
like consistency. This residue, intimately intermixed with vegeta- 
tion, covers an irregular but roughly triangular area, the base of 
which is 450 I& across and the long sides about 600 feet, in which 
hr regidue is f r m  1 to 6 feet thick. The material is stiff enough 
tcJ bear .a man's weight but soft emugh to yield considerably under 
fook This residue was utilized in 19034 as boiler fuel for the wdl 
r& and it is reported that the results were satisfactory. I t  will 
thus prove a valuable source of fuel for future drilling operatione, 
st bast until sufficient gas has been developed to supply fuel for the 
boilersa 

A-short distance below the Oil Creek residue patch a number of 
oil seepages emerge from Shelikof sandstone along the banks of Oil 
h k .  The quantikies of oil emerging are small, and the disturbed 
condition of the outcrops makes it difficult to decipher the larger 
feature9 of m k  structure. I t  is apparent, however, that the locality 
in%he-vicinity of the seepages lies at about the point where the per- 

horthwast dip of the upper part'of the 8helikof a9d the 
10673"-23----8 



N a b &  formatha gives way to a flattening or wen sligh6 southeast 
dip, and erosion has been deep enough *to expose certain beds of the 
Shelikof formation in which there has been some concentration of 
oil. Oil-impregnated sands of the same formation orop out abun- 
dantly on upper Trail Creek. 

A small oil seepage is reported in the valley of South Fork of 
Rex k k ,  and another in a gulch tributary to Bear Creek from the 
northeast. On upper Salmon Creek a small quantity of heavy 
brownish-black oil appears in the stream gravels a short distance 
from the sandstone bluffs that border the stream flat. The location 
of these seepam is shown on Plate 11. Although they all lie on 
the Bear Creek-Salmon Creek anticline, they are not on the crest 
of the fold but some distance down on the flanks. Thia indicates 
that the concentration of oil from which these seepages come is not 
in beds that lie below the lowest rocks exposed on the crest of the 
fold but is in sandstone beds some distance strrttigraphioally above 
the rocks exposed on the crest of the anticline in the valleys of Bear 
and Salmon creek. A discussion of the possibility of commarciaf 
oil pools existing in this anticline is given in another section of this 
report. 

The only other area in this district in which oil seepages are known 
to occur is in t h  so-called West field, in the headwater drainage 
area of Ugashik Creek, gerierally called the Pearl Creek dome. 
There, on the north side of Barabara Creek, near its mouth, is a large 
patch of residue similar in size and chsracter to that on the head of 
Oil Creek. The-point of emergence of the oil, of which the residue 
constitutes the less volatile remainder, was in a small tributary 
gulch, and from that point the residue extends down the gulch and 
out into the main valley a distance of. about 1,200 feet, covering an 
area of about 1 acre. Its thickness was not determined but is 
doubtless irregulirr, being influencad by the irregularities of the sur- 
face on which i6 bas accumulatad. A mal l  drainage line that runs 

contains depressions in which the wabr is 
bvered with &i& dark-brom oil, but no point could be located 
from hhich theldl could be seen emerging. This residue is some: 
what m f k r  than that on Oil Creek and like it contains a large pep- 
centage of. ve@t&le matter as an impurity. The exposures of the 
bedrock near the residue are poor, but it is certain that the oil 
emerges from sandy or conglomeratic beds of the Naknelt formation. 

Another small patch of residue on the Pearl Creek dome occurs 
in the valley of Pearl Creek about 1 mile northeast of the large patch 
just described.. It has an area of about 3,000 square feet and prob- 
ably has a maximum thickness of not more than a few feet. The 
material closely resembles that on Barabara Creek. No oil was m n  
emerging from the rock, gut a thick brown oil in considerable q m -  
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titiers oozes from the residue and flows down the creek. Sereral 
other small seepages are reported to occur in the valley of' Peafl 
Creek near the residue but were not seen. The bedrock mar,&@ 
seepages conlr6sts of pebbly sandstone overlain by massive conglom- 
erate, all belonging to the Naknek formation. 

GEOLOGIC STRUCTURE. 

PRINCIPAL FEATURES. 

It i s  now generally recognized that there is a close relation be- 
tween geologic structure and the accumulation of commercial petroe 
leum pools, and that intelligent prospecting for oil, especially in 
unproved fields, can be done only after a close scrutiny of the char- 
ader and structure of the rocks. I n  the present investigation, 
which was made primarily for the purpose of studying the .possi- 
bility of valuable oil pools in the district, special attention was 
given to the structural features. It is outside the province of this 
paper to discuss in detail the types of geologic structure that have 
elsewhere been found to favor oil accumulation, but it may be stated 
that in this area the features most likely to contain oil pools of 
importance are domes, anticlinal folds, monoclines containing lentic- 
ular sands, terraces on monoclines, and important faults. The 
domes and anticlines should be first tested, and if they prove pro- 
ductive, drilling may be justified on structural features of other 
types No sharp definition has been drawn to differentiate a dome 
froh an mticline, for an anticline may have domes upon it, and a 
dame mag merge into an anticline. Both, however, are the result 
of compression of the underlying rocks, which have yielded by bulg: 
ing upward. I f  the fold so produced is long and a line drawn along 
its crest is a nearly straight line it is called an anticline. The term 
&dome " is self-explanatory, the bulge being oval or circular in gen- 
eral dutdine, with the beds dipping away from the center in all 
dimtiom. 
One of the msst prominent structural features in this district is 

the llrYticline that crosses the headward basins of Salmon and Bear 
etwks into the valley of' Rex Creek and is continued to the south- 
westward by the Kialagvik Bay anticline and to the northeastward 
by the Dry Creek fault. This fold is well exposed along t h ~  valleys 
sf Bear and Salmon creeks, both of which cut &cross the'anticline 
st right angles. On the north*est limb the beds dip uniformly to 
the northwest at  angles of 12' to 15' as,far as the head of Becharof 
Lrrke, which lies along the axis of a syncline, a distance of 8 miles. 
%"be sonthead limb has much gentler dips and extends only 2 or 3 
roiles .Proin tbe. crest of the anticline before it is interrupted by 2 
flattening or reversal of the dips. , 



W h  of the Salmon Creek basin this antielms plunges sharply to 
&e sduthwest, heneath Portage Bay, but it rises again at Riulagvik 
Bay, which kiec3 along the axis of the fold. To the hortheast the . _I 

fold flattens w& in the basin.of Rex Creek and is incQmrpicuous be- 
tween Rex Creek and the hesd of Becharof Cmk.  At .the low pass 
in which Becharof, Trail, and Dry creeks head compression similar 
to that which caused the formation of the Bear Creek-Salmon Creek - 
fold started the formation of an anticline, but to the northeast this 
compression resulted in a fault. The Dry Creek fault probably had 
its greatest displacement at  its intersection with the west shore of 
Cold Bay, whe* the base of the Naknek formation is displaced at 
least 2,500 f-6, the no&@hwe& side of the fault having moved rela- 
tively upward. '-The fault plane appears to be almost vertical. This 
fault spparenbg dies out near *he head of Dry C 
northeast it p h b l y  splits somewhere in Cold B 
are apparent on the northeast shore of the bay. 

BEdg CBEEK-SALMON CREEK ANTICLINE. 

Tb-e rocks exposed along the crest of the Bear Creek-Salmon Creek 
anticline comprise the sandstones and sandy shales of the Sblikof . 
formation, with' beds of the Naknek formation lying on the north 
S i b .  Near Cold Bay a few outliers of the basal part o ,the Naknek 
occur on the yutheast side of the ~ r $  Creek fault. & columnar 
S B C ~ ~  of the rocks at Cold Bay (fig. P, A) shgiPa8 the general strati- 
graphic seque& as exposed on the northwest shore of cold Bqr. The 
oil-dturated sap& of upper Trail Creek lie in the Shelikaf forma- 
tion, a few hundred feet below the base of the heavy shale member 
that forms the t q ~  of the formation. The oil seepages at the head of 
Oil Creek emerge from the same sandstones, though at a somewhaf 
lower stratigraphic horizon. The seepages on Rex, Bear, and 
Salmon creeks &o all emerge from the sandstones of the aShelikof 
formation, though from a much lower part of it. On Bear and 
Salmon creeks the lowest beds exposed are approximately 5,000 feet = 
stratigraphically,below the base of the Naknek formation, and the 
oil seepages are %bout 4,000 feet stratigraphically below the bese ob 
the Naknek aPd4$,000 feet, more or less, above the lowest exposefl: .< 
beds, It is  therfifore appampt that if the oil-saturated sandsmes d 
upper Trail Cree& represent the horizon at which an accumulation of 
09 occurred, theq the source of the oil seepages on Bear and SrsIsncm 
creeks is much lpwer in the stratigraphic section. On Bear aqd 
Salmon creeks the beds at  the horizon of theail-bearing be& of bcrfh 
Trail and Oil crggks are so thoroughly exposed that any c9mmerw 
oil accumulations' that may once have existed there must have low 
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this locality is ago escaped. The only chance of obtaining oil st 
therefore to find a lower oil sand than any yet known. Although the 
stratigraphic section shows great variability in the thickness of the 
f~rnlsa~!froh~ps3Me-lfx, place, yet it &udy of the sections as exposed 
at Cold and ICial~gvik bays (fig. 5, A, C) indicates that erosion on 
Bear and Salmon creeks has exposed the beds of the Shelikof forma- 
tion well down toward its base. Furthermore, the lower 1,000 feet 
oa --re of the Shelikof formationdat Cold and Kialagvik bays is 
composed predominantly of shale and would therefore not be ex- 
patted to contain large accumulations of oil. In  this district no 
evidences .of oil have been found below the Shelikof formation. It is 
nett htelided to intimate here, however, that oil may not be found in 
lower formrations On the west side of Cook Inlet, near Oil Bay, 
petroleum seepages emerge from the Tuxedni sandstone. The only 
place in the Cold Bay district where beds of Tuxedni age appear is 
at Kialagvik Bay, where only the lowest part of the Tuxedni forma- 
tion appears to be represented in the Kialagvik formation. On Cold 
Bay the entire Tuxedni formation is missing. Whether or not the 
Tuxedni formation is represented below the Bear Creek-Salmon 
Creek anticline is not known, but probably most of it is missing there. 
Next lower than ,the Tuxedni is the Lower Jurassic, of which about 
2,300 feet is expwd  on Cold Bay. The upper 800 feet of this for- 
mation is com-d of sandy calwmous shale with a few thin beds of 
limwtone. The bwer 1,500 feet is prevailingly limy sandstone at 
tbe top and limestone and limy sandstone beneath. At Cold Bay 
these beds show no evidence of beingoil bearing. Below them lie the 
Triassic limestone and shale, which at Cold Bay are too dense and too 
lacking in pare space to offer a reservoir for the accumulation of 
petroleum in quantity. 

The &media& vicinity of the patch of residue and the oil seep- 
ages qf upper Oil Creek does not appear to have particularly favor- 
able prospects sf containing large oil pools, though there is a 
eh-e that such pools exist there. The monoclinal beds that dip 
vwy uniformly 12"-15" NW. from the head of Becharof Creek to 
Recfitlrof Lake give way at the heads of Trail and Oil creeks and 
as far to the southwest as Rex Creek to nearly flat-lying beds. At 
the +head of Dry Creek'there is a slight anticlinal fold, with the 
sorathwesternmost outlier of the Naknek formation lying in the 
tm@ of a small syncline. This anticline is short and is narrow 
on its southeast limb, though the northwest limb extends far out 
toward Becharof Lake. The anticline apparently does not extend 
southwestward across the trail, and to the northeast it is continued 
by the Dry Creek fault. The beds at the horizon of the oil-satumted 
be& in the Shelikof sandstone on Trail Creek are exposed on Dry 



Greadr, so thae my oil concentrations there must occur at  a lower 
&r&graphic hovizon than the oil showings on Trail and Oil creeks. 
2 4 ~  mepages were seen or repoited on, Dry Creek. . .J 

v 

. I&$ is shown that considerable mgentrations o$ &l occur far 
down in the $belikof formation, them is a pwibility that oil pools 
may ;be found on, the northwest side of the Dry Creek fault. The . 
maximum observed displacement of that fault, at the west shore oi  
Cold ,Bay, is a b u t  2,500 M, and the upper 2,500 'feet of the Sheli- 
kof formation is there exposed. No oil indicalions wem seen there, 
and:any oil tb t  may have ezisted in the upper 2,500 feet of the 
Slhelikof beds at that place has had ample opportunity to to8pe. 
It is possible, however, that some lower oil-bearing bed, bene&;b an 
imprvious s-, has h e n  sealed off at the fault against the thick 
&ale at the topof the Shelikof formation. 

KIALAQVIG BAY ANTICLIl4E. 

The Kialagvik Bay anticline is a continuation of the same general 
structure as th& which makes up thd Bear Creek-Salmon Creek 
anticlinepand the Dry Creek fault, but it is separated from the Bear 
Creek-Salmon Cfeek fold by an interruption at Portage Bay. The 
ends* of the Kialagvik Bay anticline were not examined in detail, 
and Btdle'is known concerning their structure. No fdding is con- 
spictmus aIong the west shore of Portsge Bay, in line with the anti- 
clinab adis. Fa&her southwest it could be seen that tjle anticlinal 
struchre extends several miles-beyond Kialagvik Bak, rbnt no esr- 
mindtion was mlLde beyond the borders of the area mapped (PI. 11). 

Aefseen* fkom the shore of Kialagvik Bay it is apparent that the 
&xis vaf the Kidagvik Bay anticline lies between the shore and the 
line of islands that nearly incloses the bay. The islands, which @ere 
not visited, can be plainly seen to consist of sediments that dip 
to the southeast. The prevailing dips on the mainland are to the 
norkhwest. It is highly probable that the islands are compded - 
of the rocks of the Shelikof formation. All the rocks exposed -- 
abng the shorn from the vicinity of Lee Creek to the southwest end 
of the bay belong to the Kialagvik formation, of Middle Jurassic 
age, and are therefore older than any other rocks of the district ex- 
cept the Lower Jurassic and Triassic beds that occur only in a ma l l  
area at Cape Kekurnoi. The Kialagvik formation, .as bw been 
shown, is probably the equivalent of the lowest part of the Turn& 
formation of Cook Inlet and is of Middle Jurassic age. Its base 
is not exposed. It is overlain to the northwest by more than 6,000 
feet of beds of the Shelikof formation, which is in turn overlain by 
tbd Naknek formation. 

.Lit.& informaGion is at hand upon which to base an opinion con- 
cerning the oil possibilities of the Kialagvik Bay anticline, The 
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Tuxedni formstion contains oil seepages at Oil Bay, but they 
emerge from beds at a higher stratigraphic horizon than is repre- 
sented by any part of the Kialagvik formation. It is not known how 
thick the Kiaiagoik formation is below the lowest exposures on 
Kialapik Bay, nor what beds would be rea.ched by the drill below 
the Ehlagvik formation. I t  can only be stated that if strata sufii- 
ciently porous to form a reservoir for oil exist below the exposed 
portion of the Kialagvik formation and have an impervious cover, 
the structural conditions at Kialagvik Bay are favorable for the 
accumulation of oil. 

UUASHIX CREEK ANTICLINE. 

A strongly developed anticline roughly paralleling the Kialagvik 
Bay and Salmon Creek-Bear Creek folds but 8 to 14 miles inland 
from them occurs in the drainage basin of the Ugashik Lakes. It 
extends from Mount Burls, between upper Becharof Lake and Mount 
Peulik, southwestward for at least 15 miles, crossing the basins of 
Ugashik, Crooked, and a number of smaller unnamed creeks. Near 

' i t .  northeast end this anticline, which as a whole is here called the 
Ugashik Creek anticline, is sharply domed, and that part is com- 
monly referred to as the Pearl Creek dome. On this dome there are 
two patches of oil residue and several seepages. The Ugashik 
Creek anticline apparently flattens out to the northeast, beyond 
Mount Burls, and although it has been traced continuously for 15 
miles to the southwest, its amplitude diminishes in that direction, 
and i t  apparently fades out somewhere between the west end of 
Kialagvik Bay and the head of the Ugashik Lakes. The entire area 
of this anticline is covered by rocks of the Naknek formation, ex- 
cept in the vicinity of Mount Peulik, an old volcano that has broken 
through the Jurassic sediments and has a core of dioritic material, 
with some andesite lava flows that were poured out over the Naknek 
formation. Mount Peulik is on the northwest flank of the anti- 
cline and is a comparatively young cone standing on the rim of an 
older crater that is roughly outlined by the forks of Hot Springs 
Creek. The eruptions that formed this old crater, breaking through 
the northwestward-dipping Jurassic beds, bowed them up around its 
margin and m interrupted at that place the prevailing northwest- 
erly monoclinal dips. 

The Ugashik Creek anticline as a whole is a symmetrical fold, the 
beds on the northwest flank dipping 12"-14" NW., toward the Uga- 
shik Lakes, and those on the southeast flank dipping about 12" SE., 
toward Becharof Lake. At the Pearl Creek dome the southeast limb 
extends for abouk 5 mil& to the synclinal axis in upper Bscharof Lake. 
Fertb8r wutbwest, es the size of the fold diminishes, the wticline and 
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the epliine convdtge. The northwest flank has not been completely 
outlined but probably extends h a synclioe in the Ugashilz Lakes. 

The, Ugashik Grsek anticli~e, on which no wells ham yet been - 
drilled, gives e of oan&siniag oil in. (30~mia i~~quaa t i t i e s .  
The a&ompaagi& topographic map of a part of the Aetrrl Creek 
dame (fig. 6) %R$ made and generously furnished by Mr. Ernest -. 
Marquordt and g b w s  accurately the topography of the central por- 
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Wousm 6.-Topographic map of Pearl CreeL dome. By Ernest Marquardt 

tion of the dome. Here, where the lowest beds almg the axis of the 
fold are exposed, seepages emerge from the conglomemtic +sand- 
stone thkt forms the lowest part of the Naknek formation exposed, 
but the base of the Naknek does not appear at  the surface. I t  is of 
course important to determfhe the thicknesg of the Naknek beds that 
m m k ~  fo be p e m t e d  by the drill on the top of the Pearl Creek 
dome, b t  the p d m  involves certain unknown factors d i d h  can 
wbrb e h r a t e l p  defiermined in advance of drilling. From4he~hasty 
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study of this area th& was made in the field, it appears that the point 
within &he dsans& which the underlying Shelikof formation ap- 
p r m h ~  ne- to the surface is on Barabara Creek about 2 miles 
above its k&hY iar about 1 mile above the lower end of the residue 
pateh. The Stsaoigmphic horizon at that place is about 1,500 feet be- 
low the b p  of the massive conglomerate of the Naknek. This con- 
glomerate, which probably corresponds to the Chisik conglomerate of 
the Cook Inlet section, normally occurs at  the base of the Naknek 
formation. In $he Cook Inlet field it has a maximum thickness of 
400 feet or more snd thins out to nothing laterally. In the Cold Bay 
dis$ri& its v e b i l i t y  in thickness and charact& is even more strik- 
kg. At.Cold Bay this basal conglomerate is about 70 feet thick and 
is underlain by the Shelikof formation, of which the upper 800 feet 
is shale. From Cold Bay to Portage Bay the basal conglamerate in- 
coesses to abuut 600 feet in thickness, and in the IZialagvik Bay see- 
tiorq-.st the head of Lee Creek, it is about 900 feet thick ,and is 
appamtly overlain by about 1,200 feet of coarse, pebbly sandstone, 
whieh is in turn overlain by another massive conglomerate about 
1,OOO feet thick. 

I f  this hastily studied section is correctly interpreted, there seem 
to bs two very heavy conglomerates separated by about 1,200 feet of 
pebbly sqclstone, and this whole assemblage corresponds to the 
70-foot conglomerate at Cdd Bay. I t  is apparent, therefore, that, 
with a variation in thiakness of more than 3,000 feet in 36 miles, any . 
estimate of the total thickness of the coarse basal beds of the Naknek 
formation on the Pearl Creek dome, at a distance of 10 miles from 
the nearest outcrop of the underlying Shelikof formation, can be 
little better than a guess. At a well location 1,500 feet stratigraphi- 
cally below the top of the basal conglomerate of the Naknek the depth 
to the upper Shelikof shale may not be great, or it may be as much 
as 1,600 feet if the section corresponds to that on Lee Creek and if 
the Lee Creek section has been properly interpreted. Once in the 
Shelikof formation the drill should penetrate 800 to 1,000 feet of 
shale, below which the Shelikof sandstones should be reached. I t  
seems likely that there are oil-bearing beds in these sandstones. Oil- 
saturated sands of this formation occur on Trail Creek not far below 
the base of the shale, and the oil seepages of Oil Creek emerge from 
them. I t  would be wise, therefore, for anyone preparing to drill on 
the Pearl Creek dome to be equipped to drill to a depth of at least 
3,000 feet, although there is a good chance that oil-bearing beds may 
be encountered at considerably shallower depths. 

If commercial oil pools exist on the Ugashik Creek anticline, wells 
drilled on the Pearl Creek dome should demonstrate that fact, for 
conditions there are most favorable for the concentration of oil. 
When it has been shown that this dome contains commercial oil pools, 



other parts of t&8;.anticliia 3day be wolEtb drilling. The log of a well 
on the dome shad$ give higbb valua& infarmedion the thick- 
neas of the b W  c o n g l m a @  of the N a b &  formahion in t h ~ t  - 
vicinity and tk+depth witbin the Sb~liksf f e r &  the oil- 
bearing beds. - %$th that inhrmstion in, haind,-:agmk@c study of 
any pmticular x@ site ~hould furnish a fairly .accurate estimate of 
the depth of the eil sands at that place, 

CONCLU@it7NB. ~. 
.. 

~ e k o ~ i o  surveys have b e o  madelof only a mlativekjc mal l  area 
in the Cold Bay district, aad these are only of remxmaissanoe type. 
Some of the dominating structural festares in the district are de- 
scribed above, but few structural. details have been determined. 
There is almost no information at hand in regard to the structure in 
the upsurveyed part of the district. The oil seepages in the Cold 
Bay district haw been described; others am reporbed ip adjacent 
parts of the Ales Peninsula. There appears to be dhfinib &&nee 
of an oil seepqp'on Aniakchak River, 60 miles south of Cold 'Bay. 
The reports of oil seepages near Chignik Bay have not &n officially 
verified. 

The; outlook f ors. the finding of petroleum in cornmereid quantitierj 
in this general region is good, because certain structuml features 
in this district and probably in other parts of the Alaska Peninsula 
are favorable for  the accumubtion of oil and are of dimensions indi- 
cating the possibility that they may contain l~rgei oil pooh. 




