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tive and 2 negative elements which strike east-northeast.
Structural salients in 2 parts of the region may represent
northeast-striking structural highs. The western structural
province is characterized by northwest-striking thrust faults
which alternate with southwestward-dipping sections or partial
limbs of synclines. This structural pattern is the result of
eastward-directed forces from the Tigara uplift, west of the
area.

Reflection seismic work has been done north of the Utukok
River at the headwaters of the Kaolak River, and southward
along the Utukok River into the southern foothills. Two
areas that are structurally distinct are delineated within this
region. They are separated by the major south-dipping and
west-trending Carbon Creek thrust fault, which is believed to
come to the surface within the Carbon Creek anticline. The
northern or upper Kaolak River area includes the Torok, Kuk-
powruk, and Corwin formations. This shallow Cretaceous
rock sequence is gently folded along nearly eastward-trending
axes and has,a regional dip to the south. About 12,000 feet
of this sequence is present near the north boundary of the
area and about 15,000 feet at the south boundary near the
Utukok River. An underlying rock sequence of undetermined
thickness dips homoclinally southward from the Barrow arch,
which lies about 80 miles north of the map region. Within
this area no faults are indicated in the seismic records. Two
subsurface closed anticlines in the shallow Cretaceous se-
quence were mapped by seismic methods, and Kaolak test
well 1 was drilled on one of these. The southern or Utukok
River area is structurally more complex than the northern or
upper Kaolak River area. Rocks of both the shallow Creta-
ceous sequence and the underlying sequence are folded. At
least seven south-dipping reverse faults, which cut the Creta-
ceous sequence and at least part of the older sequence, are
indicated. The bottom of the shallow Cretaceous sequence is
conjectured to lie at depths ranging from 2,000 to 8,500 feet
below sea level. A similarity between the structural features
in this area and those in the foothills of Alberta, Canada, is
suggested.

Gravimetric and airborne-magnetic surveys cover parts of
this region. A gravity low lies northwest of Carbon Creek and
north of the Utukok River; and a gravity high, coinciding
with the Carbon Creek fault zone, lies on the south flank of
the low area. A general southwestward decrease in magnetic
intensity has been determined.

During Mesozoic time sediments were deposited northward
into the Colville geosyncline and later into the Chuckchi basin.
Deposition was interrupted by one or more orogenic intervals
in early Mesozoic time and by several intervals of at least
local uplift and nondeposition in middle and late Mesozoic
time. Uplift in the Brooks Range geanticline resulted in the
deposition of graywacke-type clastic rocks of the Fortress
Mountain formation as a marginal facies that grades north-
ward to flner grained clastic rocks. The history of at least the
upper part of the Torok formation and the Kukpowruk and
Corwin formations is one of essentially continuous deposition,
although some erosional breaks and angular relations are rec-
ognized within these rocks, which fllled the western part of
the Colville” geosyncline. The shoreline fluctuated consider-
ably, resulting in intertonguing facies. The Torok formation
may in part represent a major southward transgression of the
sea in middle or late Early Cretaceous time, followed by a
northward regression which continued during deposition of
Kukpowruk and Corwin formations. The main source of sedi-
ment was in the Brooks Range geanticline, but some sediment
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was probably also shed from the Tigara uplift. The western
basin of the Colville geosyncline was probably in part sepa-
rated from an eastern basin in the Colville River area by the
Meade arch. Sediments of the Prince Creek formation and
probably also the upper part of the Corwin formation were
deposited in the Chukchi basin, which had resulted from the
northward shifting of the western basin of the Colville geo-
syncline. An erosional and orogenic hiatus may have pre-
ceded deposition of the Prince Creek. Continued uplift of the
Brooks Range geanticline culminated in great deformation
during Tertiary time, and the Tigara uplift also probably
reached its maximum at about this time. Differential uplift
probably continued throughout Quaternary time. During
Pleistocene time, valley glaciers in the De Long Mountains
increased the volume of streams, and extensive gravel deposits
were laid down in the foothills, but the coastal plain was still
mostly submerged. Permafrost began to develop. The present
basin of deposition is the Chukchi Sea.

In general the Utukok-Corwin region does not appear to have
good possibilities for petroleum in the rock units and struc-
tural features that have been observed or can be reasonably
inferred. However, the presence of some good reservoir beds,
some favorable structural features, and a few rocks containing
petroliferous material should not be ignored. Rocks older than
the Fortress Mountain formation of Early Cretaceous age do
not crop out in this region and nothing is known of their
character and occurrence in the subsurface. The Fortress
Mountain formation is exposed only along the south boundary
of the region, and its poor reservoir characteristics, complex
structure, and unknown northward extent are factors unfavor-
able to petroleum exploration. The Torok formation is com-
posed almost entirely of shale, and no favorable reservoir beds
are known within it.

The Kukpowruk formation offers relatively few possibilities
for petroleum exploration. Based on samples tested, the Kuk-
powruk formation has greater porosity in the eastern part of
the mapped region, near the Utukok River, than in the west-
ern part; and its permeability is uniformly very low. In the
southern part of this region, the anticlines are eroded nearly
to or through the base of the Kukpowruk formation. Farther
north most of or all the formation is present in anticlines, but
the percentage of sandstone beds is much lower owing to facies
change. Several low-permeability sandstone beds that contain
petroliferous and asphaltic residue occur in the Carbon Creek
anticline near the Utukok River.

The chiefly nonmarine Corwin formation in the outcrop area
is generally less favorable for petroleum than the Kukpowruk
formation. The porosity of the tested sandstones is low and
essentially uniform throughout the area, and, with but one
exception, the permeability is very low. Structurally, only the
part of the region mapped north of lat. 69°25' N. offers promise
of favorable conditions for oil accumulation in the Corwin
formation. South of this line the formation is breached in
the anticlines. One sandstone bed that is exposed along the
Kokolik River has a high asphaltic content, and several other
sandstone beds in this vicinity have a slight petroliferous odor.

The Prince Creek formation seems to have little petroleum
potential in this region. It is not thick or areally extensive,
and its sandstone and conglomerate beds have poor to fair
porosity and permeability.

Kaolak test well 1, in the extreme northern part of this
region, was drilled through the Corwin formation and bot-
tomed at 6,952 feet in equivalents of either the lower part of
the Kukpowruk or the upper part of the Torok formation. No
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commercial quantities of oil or gas were found, although there
were 9 shows of oil and gas between 3,184 and 6,757 feet.
Sandstone beds more than a few feet thick are uncommon.
They have low porosity and are nearly impermeable.

Coal beds are common in the inland and Cape Beaufort-
Corwin coastal parts of the region and are confined almost en-
tirely to the Corwin formation. The coal ranges from sub-
bituminous to medium-volatile bituminous in rank. In the in-
land part the coal beds range from a few inches to more than
13 feet in thickness, and 28 potentially minable beds were
sampled. Coal beds are abundant throughout 4,000 feet of
Kaolak test well 1. Along the Cape Beaufort-Corwin coast,
more than 80 coal beds that exceed 1 foot in thickness are
known, and at least 17 of these beds are between 2.5 and 9 feet
thick. Substantial additional reserves could undoubtedly be
delimited by further exploratory work. The locations of all
the known major coal beds are shown on a generalized geo-
logic map. All the known analyses of coal samples collected
from this region are given in tables 10 and 11. An analysis
of results of Fischer low-temperature carbonization assays of
27 samples from the inland part of the region is included.

INTRODUCTION

Location, size, and accessibility of the region—The
region mapped, hereafter called the Utukok-Corwin
region, lies north of the De Long Mountains, the west-
ernmost extension of the Brooks Range, in the extreme
western part of nothern Alaska (pl. 7). The region
includes about 7,500 square miles. It is south of lat 70°
N., and is bounded on the west by the Chukchi Sea
and by long 165°40' W. East of this meridian the
southern limits of the region are along lat 68°45' to
the Utukok River vicinity, along lat 68°50' to the Col-
ville River vicinity, and along lat 68°55' to the eastern
boundary of the map, which extends northward along
long 169°40' to lat 69°40"' and thence along the 170th
meridian to the northern boundary. Parts of the
drainage basins of the Colville, Utukok, Kokolik, Kuk-
powruk, and Pitmegea Rivers are included in the re-
gion. About 2,000 square miles of the region lies in
the Arctic coastal plain province, about 5,200 square
miles in the northern foothills section of the Arctic
foothills province, and only 800 square miles in the
northern part of the southern foothills section. The
eastern part of the region lies in Naval Petroleum
Reserve No. 4. Exploration of the region was under-
taken as part of the Geological Survey’s program of
investigations for the U.S. Department of the Navy
in Naval Petroleum Reserve No. 4 and adjacent public
lands during the years 1944-53.

The Utukok-Corwin region can be reached by air
and water from the nearest towns, Kotzebue and Bar-
row, which are about 150 airline miles to the south-
west and north, respectively, and from Fairbanks
which is about 480 airline miles to the southeast. Air-
strips at Point Lay and Wainwright are used by small

aircraft. The Alaska Native Service ship North Star
visits the coastal villages annually.

Discussions of the Arctic coast and navigational fea-
tures along it are given by Collier (1906, p. 9-10) for
the part west of Cape Beaufort, and for the part north
of Cape Beaufort by Paige, Foran, and Gilluly (1925,
p. 7-10). Use of small boats on the ocean west of
Cape Beaufort is hazardous because of the sudden
storms and scarcity of suitable beaching sites. Vehi-
cle travel along the base of cliffs in this part of the
region should not be attempted because of soft sand
and rock-falls, but travel by track vehicles throughout
the rest of the region can be easily accomplished.
Otherwise, the inland part is relatively inaccessible
during the summer months.

Lakes suitable for pontoon airplane landings are
numerous in the coastal plain, but only a few are
present in the foothills. In the lower courses of the
rivers, pontoon landings by small planes are possible
at selected places, and at low-water stages sufficient
space for wheel landings by small aircraft can be
found on many gravel bars adjacent to the main riv-
ers. During the winter season, ski-equipped airplane
landings are possible at most places. In the ice-free
season, space for pontoon landings is available on the
bar sides of Kasegaluk, Agiak, and Ahyougatuk
Lagoons.

The prominent eastward-trending sandstone ridges
in the foothills afford exceptionally good routes for
tracked-vehicle or foot travel. Travel on foot in the
foothills is not difficult, but in the coastal plain prov-
ince the swampy ground makes it very arduous.

The Utukok, Kokolik, and Kukpowruk Rivers are
navigable with boats having a draft of less than a foot
to within 10-20 miles of their headwaters. These main
rivers, except. for short stretches of the upper Utukok,
are confined to one channel, and only in a few places
is a riffle encountered that is shallow enough to hamper
downstream travel. However, shallow channels and
rifles make upstream travel difficult in the lower 30
miles and almost impossible farther upstream. A few
bedrock rapids are present in the Utukok River in the
northern foothills section.

Previous investigations—The coastline of the
Utukok-Corwin region was first visited by Europeans
in 1778 (Cook, 1785, p. 460), but little geological in-
formation on most of the area was recorded previous
to 1904, although whaling ships and revenue cut‘ers
had visited the coast (Jarvis, 1889; Stockton, 1890).
In 1904 A. J. Collier, of the Geological Survey, ex-
amined the coastal region between Cape Thompson
and Cape Beaufort (1906) and made a reconnaissance
study of this coal-bearing area which had been noted
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briefly by F. C. Schrader in 1901 (Schrader, 1904).
Some coal mining on a small scale was attempted dur-
ing the late 1800’s and early 1900’s at various locali-
ties on the coast between Cape Beaufort and Cape
Lisburne; some of this coal was used locally and by
a few ships. The history of the early explorations and
geological work in northern Alaska is outlined by
Smith and Mertie (1930).

Following the establishment of Naval Petroleum
Reserve No. 4 by Executive Order in February 1923,
Geological Survey field parties, financed by the De-
partment of the Navy, began a reconnaissance study
of the Reserve. A party under W. T. Foran began
surveys near Cape Beaufort in July 1923 and ascended
the Kukpowruk, Kokolik, and Utukok Rivers in
canoes for distances of 20 to 40 airline miles from the
coast. The results of this work were published (Paige,
Foran, and Gilluly, 1925) and also later incorporated
in a regional bulletin by Smith and Mertie (1930). In
late August 1924, a party in charge of W. T. Foran
portaged from the Kaolak River to the lower Utukok
River, ascended the Utukok to Disappointment Creek,
and thence went up Disappointment Creek in search
of a route through the De Long Mountains to the
Noatak River. Very little geological work was ac-
complished on this trip owing to lack of time and to
logistic difficulties. In early May 1926, P. S. Smith
and his party reached the upper Kokolik River after
an overland journey by dog team from Kivalina. The
party then canoed down the Kokolik River in June
and mapped the geology and topography along the
river (Smith and Mertie, 1930, p. 22-27) ; this recon-
naissance was completed on June 18.

The only other geological work in this region before
1947 was done in July 1946 by A. L. Toenges and T. R.
Jolley, of the U.S. Bureau of Mines. They ascended
the Kukpowruk River to a point about 24 airline miles
from the coast and investigated the coal beds that are
exposed at many localities along this part of the river
(Toenges and Jolley, 1947).

Nature and scope of the investigation.—Field studies
of the region were undertaken in 1947 and 1949-53 as
parts of the Geological Survey’s program of explo-
ration for the U.S. Navy Department in and near
Naval Petroleum Reserve No. 4. The purpose of the
work was to map and study the stratigranhy and
structure and to evaluate the petroleum possibilities of
this region, which had been only partly investigated
by rapid geologic reconnaissance during the earlier
explorations in 1923-26.

The project was supervised by George O. Gates in
1947, by Ralph L. Miller in 1949-50, and by George
Grye since 1951.

EXPLORATION OF NAVAL PETROLEUM

RESERVE NO. 4, ALASKA, 1944-53

The laboratory work, preparation of illustrations,
and writing of the report was so interspersed with
other projects that it is not possible to set exact lim-
its on the time consumed in these activities. Most of
the preparation was done in the spring of 1951, the
summer of 1952, the late part of 1953, and through-
out 1954-55. Chapman worked intermittently, and
Sable worked almost continuously during this time.
All plates and illustrations were prepared by Sable
with the exception of the illustrations in the chapters
on economic geology and geophysical work, which
were prepared by Chapman. The parts of the text
on economic geology and geophysical exploration and
the sections on vegetation, wild life, and geographic
names were written by Chapman. The chapters on
stratigraphy, structural geology, and geologic history
and the sections on topography and drainage, settle-
ments and archaeology, climate, and phenomena re-
lated to climate were written by Sable.

Geologic data obtained from ground traverses which
covered a relatively small part of the total region
(pl. 7) were plotted on aerial photographs, which in-
clude high-altitude trimetrogon photographs taken in
1943 and 1947, and vertical photographs of approxi-
mately 1 :20,000 scale that were made in 1948 and
1950. These photographs, taken by the Navy and
Army, cover the entire region of the report. Geo-
logic data were transferred from the photographs to
planimetric maps at scales of 1 :48,000 and 1 : 96,000
which were compiled by the Geological Survey, mostly
from the trimetrogon photographs and from older
maps. The resulting maps are not everywhere accu-
rate in geodetic position of features, but they were
the most detailed and accurate maps available at the
time of this writing. The vertical aerial photographs
were utilized in making stratigraphic and structural
measurements and for photogeologic mapping of areas
beyond the limits of field control. Where checked in
the field, the differences between the photograph scale
and 1 :20,000 scale proved to be generally within 5
percent, and within 10 percent in areas of high relief.
Low-angle photographs were taken along the Kokolik
and Kukpowruk Rivers and parts of the upper Utu-
kok River by the U.S. Navy in 1949 and were used in
plotting field data and in the measurement of rock
sections exposed in the cutbanks of these rivers.

Field operations, 1947-563—0n May 12 and 17, 1947,
a party consisting of Raymond M. Thompson, geolo-
gist and party chief, William L. Barksdale, geologist,
Edward G. Sable, field assistant, Charles T. Marrow,
camphand, and Ernest H. Wadsworth, cook, was
landed by a single-engine ski-equipped airplane on
the Utukok River about 8 miles north of the head-
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waters. When the spring thaw was far enough ad-
vanced to make the river navigable, the downriver
traverse was begun on May 26 in three 18-foot fold-
ing canvas boats. A detailed geologic reconnaissance
was made of the area within a day’s foot travel of
camps on the river, and a triangulation net was estab-
lished over most of the route to obtain vertical con-
trol. The mouth of the Utukok River was reached on
August 4, and on the Tth the party moved to the vil-
lage of Point Lay. From August 17 to 28 Thompson,
Barksdale, Sable, and three Eskimo boatmen traveled
south from Point Lay and made a rapid reconnais-
sance of the coastal bluffs between Cape Beaufort and
Eesook on the north shore of the Cape Lisburne
peninsula.

The Kukpowruk and Kokolik Rivers were tra-
versed by a boat party in 1949. On May 17 and 27
the party, consisting of Robert M. Chapman, geolo-
gist and party chief, Edward G. Sable, geologist,
Dale A. Hauck and Gordon W. Herreid, field assist-
ants, Paul H. Shannon, cook, and Ralph Solecki,
archeologist, Smithsonian Institution, was landed by
ski-equipped single-motor airplane on the Kukpowruk
River about 16 miles from the headwaters. The down-
river traverse was begun on June 13 in three 18-foot
folding canvas boats, and the geologic work was car-
ried to the reasonable limits of foot travel from
camps located along the river. The mouth of the
river was reached on July 30. On July 31 and August
1 the party was flown to Kokolik Lake, about 16 miles
north of the headwaters of the Kokolik River, and
the boat traverse to the mouth of the Kokolik River
was completed on September 3. Triangulation nets
for vertical control were established on both of these
rivers.

Food supplies for these parties were cached at pre-
arranged places along the rivers. The food caching,
a hazardous operation, performed in 1947 by Robert F.
Thurrell and in 1949 by Marvin D. Mangus, was car-
ried out with complete success in both years. The
food, which was put in 55-gallon steel drums to pro-
tect it from bears, was landed and cached during April
and early May by means of a ski-equipped airplane.
Mail and a few additional supplies were dropped
from airplanes to the parties during the field season,
except when suitable places for wheel or pontoon
landings were available.

In the late part of the season of 1950, Charles L.
Whittington, geologist and party chief, John M.
Stevens, geologist, and the remainder of the party ex-
tended the mapping of the Carbon Creek anticline
into the Utukok-Corwin region. This party mapped
an area of about 115 square miles along the southwest

side of the Utukok River between Carbon Creek and
the headwaters of Elusive Creek, and part of their
work is included in this report.

Geologic work was undertaken in the area of the
upper Utukok River by Edward G. Sable and Marvin
D. Mangus in 1950 and on the upper Colville River
by Sable and Robert H. Morris in 1951. (See pl. 7.)
In August 1951, exposures on the upper Colville River,
downstream from those examined by Sable and Mor-
ris, were studied by George Gryc, geologist, and Lloyd
A. Spetzman, field assistant.

Two previously mapped localities were reexamined
and intensively sampled for microfossils: in 1952 the
bluffs in the Archimedes Ridge anticline along the
Kokolik River were sampled by C. L. Whittington
assisted by Matthew V. Carson; and in 1953 the cut-
banks along the Utukok River on the north limb of
the Carbon Creek anticline were sampled by Robert
S. Bickel, assisted by Carson.

During the summer of 1952 a detailed structural
study of the Kokolik anticline was made by a party in
the charge of Andrew Milek, geologist with Arctic
Contractors. N

In July and August of 1953 the Arctic coastline
from Thetis Creek west to the Lisburne Hills was
examined by Sable and H. Glenn Richards, field as-
sistant. Geologic work was much delayed by an acci-
dent to the bush plane used for transportation from
Umiat, and only about one-third of the time in the
area could be spent in geologic field studies. A tem-
porary camp was established on Aknasuk Creek, and
from July 26 to August 19 the excellent rock sections
between Thetis and Risky Creeks were described and
measured. An 18-foot canvas boat with a small motor
was used to a limited extent, but most of the traverses
were by foot. The use of a larger, more seaworthy
boat is advisable for transportation along this coast.
From August 19 to 26, a less-detailed examination of
the rocks west of Risky Creek to the Lisburne Hills
was made from a camp established at Ahyougatuk
Lagoon. A

Seismic work in the region by United Geophysical
Co., Inc., in 1950 and 1952 consisted mainly of reflec-
tion studies north and east of the Utukok River. (See
p. 145-150.)

Gravimetric surveys were made in 1950 by the
United Geophysical Co., and an airborne magnetic
survey was made by the Geological Survey and the
Navy in 1945. (See p. 151.)

A party financed by the Arctic Institute of North
America under contract with the Office of Naval Re-
search traversed parts of the Utukok River in July
and August 1953. This party, under the direction of
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J. Stewart Lowther, was engaged in paleobotanical
studies of rocks herein mapped as Corwin formation
and Prince Creek formation.

Acknowledgments :—As work in the Utukok-Corwin
region was an integrated part of the larger explora-
tions in Naval Petroleum Reserve No. 4, it is impos-
sible to name all the many people whose cooperation
and assistance contributed materially to the success-
ful completion of the geological fieldwork. The U.S.
Navy Arctic Contractors, and the Geological Survey
personnel in Fairbanks and in the Reserve provided
helpful support without which the field parties could
not have worked effectively.

The authors particularly wish to acknowledge the
geological work of Raymond M. Thompson and Wil-
liam L. Barksdale, which is incorporated in this re-
port. They also wish to acknowledge the varied work
of the Geological Survey geologists and field assist-
ants mentioned in the section on field operations, in-
cluding H. Glenn Richards, who aided substantially
in the accumulation of data in the Corwin Bluff vicin-
ity. Robert J. Hackman contributed part of the pho-
togeologic interpretations. Information on Kaolak
test well 1 was compiled in the Fairbanks laboratory
by Mrs. Florence Rucker Collins. The identification
of megafossils was done by Ralph W. Imlay and F.
Stearns MacNeil, of fossil flora by Roland W. Brown,
and of microfossils by Harlan R. Bergquist, all from
the Geological Survey. Heavy-mineral identifications
were made by Robert H. Morris. Harald A. Rehder,
U.S. National Museum, identified Recent invertebrates
collected along the seacoast. Finally, the reports and
notes of the earlier Survey geologists, P. S. Smith, W.
T. Foran, A. J. Collier, and the others already men-
tioned, were very helpful in the planning and com-
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GEOGRAPHY
GEOGRAPHIC NAMES AND SOURCES

Most of the geographic names given in the following
paragraphs, together with their meanings and sources,
have not been previously published. Many of the
Eskimo names, especially those along the coast, are

in local usage at the village of Point Lay; others were
named by the Geological Survey personnel for
purposes of convenience in referring to geographic
features.

Adventure Creek.—A headwater tributary that joins the
Utukok River about 10 miles southwest of Meat Mountain. It
was so named by the 1924-26 field parties.

Agiak Lagoon.—A lagoon just east of Cape Sabine. The
Eskimo name ‘“agiak” means file, and this feature is so named
because the shoreward side of the offshore bar is serrated and
resembles the teeth of a file.

Ahyougatuk Lagoon.—A small lagoon about 15 miles west of
Corwin Bluff. This Eskimo name means foundation or base
of a house.

Aknasuk COreek.—A small creek that flows into the ocean
about 3.1 miles west of Corwin Bluff. This Eskimo name for
the ereek was obtained by the U.S. Coast and Geodetic Survey.

Akporvik Hill.—A ridge extending southeastward from Cape
Sabine. This Eskimo word means racetrack or runway or a
flat, open, easily traveled ridge top.

Akulik Creek.—A small creek that flows into the ocean 6
miles southwest of the mouth of Tulugak Creek. The Eskimo
word means fancy trimming.

Amatusuk Hills.—A prominent eastward-trending ridge that
lies about 30 airline miles inland between the Kukpowruk and
Kokolik Rivers and just north of Deadfall Creek. The name
first appeared in bulletin by Smith and Mertie (1930). It is
undoubtedly of Eskimo origin, but its meaning is not known.

Amo Creek.—The westernmost tributary of the upper Col-
ville River which enters at the major eastward swing of the
river. The creek was named by the 1950 party from an Eskimo
name for wolf, because several wolves were seen in this vicin-
ity. The Amo anticline lies almost along the lower course of
the creek.

Angle Creek.—A small north-flowing stream east of the Koko-
lik River. Named by the 1949 party because of the angular
drainage pattern that is structurally controlled.

Archimedes Ridge anticline—This westward-trending anti-
cline lies between the Utukok and Kukpowruk Rivers. The
name is derived from a ridge near the Utukok River, between
the 1947 camps 5 and 6, that gives the impression on vertical
photographs of an Archimedes screw owing to the effect of
snow and shadows.

Avingak Creek.—A westward-flowing tributary that enters
the Kokolik River about 50 miles southeast of Point Lay.
Avingak is the Eskimo name for lemming, and the creek was
so named by the authors because these animals were abundant
in this vicinity in 1949. The Avingak Creek anticline is cut
by the headwaters of this creek.

Barabara syncline—A northeastward-trending syncline that
is intersected by the Kukpowruk River about 10 airline miles
inland. It was named because of the proximity of the axial
zone to an Eskimo barabara or sod hut on the river bank.

Beaufort syncline—A southwestward-trending syncline west
of the Kukpowruk River and east of Cape Beaufort.

Blizzard anticline.—A major eastward-trending anticline lying
between upper Disappointment Creek and the Pitmegea River.

Cape Beaufort.—A low promontory near the coast about 47
airline miles south of the mouth of the Kukpowruk River. It
was named in 1826 by Frederick W. Beechey, R. N. “. . . in
compliment to Captain Beaufort, the present hydrographer to
the Admiralty.” (Baker, 1906, p. 123.) The Eskimo name for
this cape is Kakiagtak.
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Cape Sabine.—A promontory on the coast about 26 miles
southwest of Cape Beaufort. “So named by Beechey, 1827,
presumably after Gen. Sir Edward Sabine.” (Baker, 1906,
p. 540.)

Carbon Creek.—A major westward-flowing tributary that en-
ters the Utukok River about 83 airlines miles from the coast.
Origin of the name is unknown.

Coke basin.—A structural basin on the Kukpowruk River
about 63 airline miles upriver from the coast. It was named
because of an outcrop of moderately good coking coal on the
river near the axis.

Corwin Bluff.—A prominent bluff and coal mining locality
on the coast about 14 miles west of Cape Sabine, Named for
the U.S. Revenue vessel Corwin. Captain Hooper of the cutter
Corwin used coal from the Corwin Bluff mine for fuel as early
as July 1880. (Baker, 1906, p. 197.). Schrader reports in his
1901 field notes that coal had been mined here for the previous
40 years.

Deadfall Creek.—A tributary of the Kukpowruk River enter-
ing just south of the Amatusuk Hills. It was named by the
1949 field party because of an Eskimo-built rock deadfall trap
found near the mouth of this creek.

Deadfall syncline—A westward- and southwestward-trending
syncline between the Kokolik River and the west coast. It is
named from Deadfall Creek which flows through its eastern
part.

Disappointment Creek.—A tributary that enters the Utukok
River about 6 miles upstream from the mouth of Carbon Creek.
It was named by W. T. Foran in 1924 when it was discovered
that the creek did not head in a pass through the De Long
Mountains.

Driftwood Creek.—The major eastern headwater fork of the
Utukok River, which joins the main Utukok River about 10
miles southwest of Meat Mountain and just above Adventure
Creek. It was named by the 1924-26 field parties. The Eskimo
name for the creek is Karvak. Two anticlines, East Drift-
wood and West Driftwood, lie north and west of the creek.

Dugout syncline—A small syncline between the Pitmega and
Kukpowruk Rivers, named because its concave shape resembles
a dugout canoe.

Eesook.—A place on the coast about 11.4 miles west of Cor-
win Creek. The coastal bluffs end at this point, and this
Eskimo word means “end of the bluff.”

Eesook syncline.—A westward- to northwestward-trending
syncline 3 to 9 miles southeast of Eesook. This is the western-
most simple syncline in rocks of the Nanushuk group.

Blusive Creek.—A tributary that enters the Utukok River
about 9 miles downstream from Carbon Creek. The Elusive
Creek syncline is a northwestward-trending structural feature
that intersects the Utukok River near the mouth of the creek.

Epizetka River.—A small river that flows into the ocean
Jjust north of the Kukpowruk River. The name is probably
derived from the name Kepizetka that Collier learned from the
natives near Cape Lisburne in 1904, Collier believed that the
name was applied to what is now the Kokolik River (Baker,
1906, p. 244).

Eskimo Hill.—A prominent low hill about three-fourths of
a mile northeast of the mouth of Carbon Creek. It was named
by Foran in 1924,

Flintchip syncline—This syncline lies mainly between the
Utukok and Kokolik Rivers and north of the Driftwood anti-
clinal area, and it was named for the flint-chipping sites found
on hills in this viecinity.

Foggy syncline—A westward-trending syncline east of the
Utukok River and northeast of Meat Mountain.

Folsom Point syncline—A westward-trending syncline that
is intersected by the Utukok River west of Disappointment
Creek. It was named because a flint Folsom point was found
near the Utukok River within this syncline in 1947.

Harris anticline—An eastward-trending anticline that inter-
sects the Utukok River 5 miles north of the mouth of Elusive
Creek. It was named for Lieutenant Harris, of the U.S. Navy
photo squadron that was based at Umiat in 1948-50.

Howard syncline—A westward-trending syncline that lies
between the Utukok and Kukpowruk Rivers about 4 to 6 miles
north of the Amatusuk Hills. It was named for Ensign How-
ard who made one of the earliest inland exploration journeys
from the Kobuk River to Point Barrow.

Igloo Mountain.—A prominent mesalike hill about 6 miles
east of the Kukpowruk River and about 64 airline miles up-
stream from the mouth of this river. It was named by P. 8.
Smith in 1926. According to his notes this hill is called
Oomiak mountain by the Eskimos. The reason for changing
this name is not clear.

Ikikileruk Creek.—A small creek that enters the ocean about
13 miles east of Cape Sabine. This Eskimo name means
narrow.

Iligluruk Creel.—The creek is a major westward-flowing
stream which joins the Kokolik River in the southern foothills
section. The meaning of this Eskimo name is unknown; it was
first used by Smith and Mertie (1930). The Iligluruk struc-
tural high lies northeast of the confluence of the two streams.

Ivisaruk River—A northward-flowing tributary of the Kuk
River, which heads against the Utukok River about 45 miles
inland from the coast.

Kahgeatak Creek.—A small creek that enters the ocean about
7 miles north of Cape Beaufort. The meaning of the Eskimo
name, which was obtained by the TU.S. Coast and Geodetic
Survey, is not known.

Kankatek COreekb.—A stream that enters the ocean at Cape
Beaufort. This Eskimo name was obtained by the U.S. Coast
and Geodetic Survey.

Kakiagtulk.—The Eskimo name for Cape Beaufort. Meaning
not known.

Kaolak River.—A tributary of the Kuk River that heads
against the Utukok River about 50-60 airline miles inland.

Kasegaluk Lagoon.—A large lagoon extending from Icy Cape
southwestward nearly to Cape Beaufort. The geographic name
was first used by P. S. Smith; it is of Eskimo origin, but the
meaning is not known. The Kasegaluk syncline is a north-
westward-trending structural feature which strikes into the
lagoon about 4.5 miles south of the Kukpowruk River mouth.

Kokolik anticline—A small southeastward-trending anticline
which crosses the Kokolik River about 12 miles north of Ting-
merkpuk River.

Kokolik River—A major river heading in the De Long
Mountains and entering the ocean at Point Lay. The name
was first reported by Jarvis in 1898 and is of Eskimo origin
(Baker, 1906, p. 377). Kokolik is the Eskimo name for the
bistort, an edible flowering plant that is abundant in the
Arctic.

Kokolik Warp syncline~—An eastward-trending syncline that
intersects the Kokolik River about 80 airline miles above the
mouth.

Kookrook Creek.—A small creek that flows into the ocean
0.9 mile west of Corwin Bluff. This Eskimo name for the
creek was obtained by the U.S. Coast and Geodetic Survey.
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Kukpowruk River—A major river that heads in the De Long
Mountains and enters the ocean about 10 miles south of Point
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Lay. The Eskimo name, meaning big river, has long been in
local usage. It was first reported in 1890 (Baker, 1906,
p. 386).

Kukpowruk syncline.—A syncline east of Cape Beaufort, the
axis of which almost coincides with the local northeast direc-
tion of the Kukpowruk River.

Lookout Ridge syncline.—An eastward-trending syncline that
intersects the Kokolik and Utukok Rivers in the latitude of
Carbon Creek, It is named for Lookout Ridge, which is formed
by part of this syncline in the area east of the Utukok River
and north of the Colville River.

Meat Mountain.—A prominent, high mesa just east of the
Utukok River and about 145 airline miles upstream from the
coast. It was named by the 1923-26 parties and is derived
from the Eskimo name, Nikipak, for this mesa, which means
meat.

Meridian Creek.—A northward-flowing creek which enters
the Colville River south of Disappointment Creek and heads
in Lake Noluck, south of this region. This creek was prob-
ably named by the 1924 party.

Mutaktuk Creek.—A small creek that enters the ocean about
1 mile east of Agiak Lagoon. The Eskimo name means “no
parka.”

Niklavik Creek.—A small northward-flowing tributary that
enters the Kokolik River about 12 airline miles inland. The
name, which is probably of Eskimo origin, was first used by
Smith and Mertie (1930), and the meaning is not known.

Norseman anticline—A poorly exposed anticline about 37
miles upstream from the mouth of the Kokolik River. It was
named because a Norseman airplane landed near it on the
river to pick up 2 members of the 1949 party.

Oilsand syncline.—A syncline exposed on the Kokolik River
about 10 miles southeast of the Norseman anticline. It was
named because of an outcrop of oil-bearing sandstone that
occurs on the north limb.

Omicron Hill.—A prominent low hill on the axis of the
Carbon Creek anticline about 2 miles east of its intersection
with Elusive Creek. It was named by the 1950 field party
because this designation was used for their triangulation
marker situated atop this hill.

Ozbow syncline—A westward-trending syncline west of Elu-
sive Creek and intersecting the Kokolik River. It was named
because of the oxbow lakes along the Kokolik in this vicinity.

Pitmegea River.—A northwestward-flowing river that enters
the ocean at Cape Sabine. The name, which was first pub-
lished in 1890 (Baker, 1906, p. 500) is of Eskimo origin, and
its meaning is not known.

Pitmegea syncline.—A small syncline northeast of the upper
Pitmegea River.

Plunge COreek.—A small eastward- and northward-flowing
creek that cuts across the West Driftwood anticline about 6
miles west of the junction of the Utukok River and Driftwood
Creek. It was named in 1950 because of its location near the
west end of the plunging anticline.

Point Lay.—The permanent village on the offshore bar near
the mouth of the Kokolik River.

Poko Mountain—A prominent, large mesa 6 miles west of
the Kokolik River and near the confluence of the Kokolik and
Tingmerkpuk Rivers. This is the Eskimo name for the mesa,
and, according to P. 8. Smith’s notes, it means seal poke or seal
parka (?).

Punak.—A low hill about one-half a mile inland and halfway
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between Agiak Lagoon and Mutaktuk Creek. It is an Eskimo
name that means skinny,

Punak Creek.—A small creek that enters the ocean about
5.8 miles east of Mutaktuk Creek. This name, according to
the Eskimos, means someone starved here, although it is be-
lieved to be the same word that applies to the above mentioned
hill,

Risky Creek.—A small creek that flows into the ocean 5.4
miles west of Corwin Bluff. It was named by the 1953 field
party because it is the last available beaching point in sev-
eral miles for small boats traveling from Corwin to Ahyougatuk
Lagoon.

Seaview syncline and anticline—These structural features
lie between Cape Sabine and the Kukpowruk River.

Seismo Creek.—The westward- and northward-flowing tribu-
tary of the Utukok River that heads south of Meat Mountain.
It was named by the 1950 field party for the seismic opera-
tions of that year in this vicinity.

Snowbank anticline—An eastward-trending anticline that is
exposed on the Kukpowruk River about 17 airline miles above
the mouth and extends eastward across the Kokolik and
Utukok Rivers. It was named in 1949 because of the heavy
snowbanks that remained on the bluffs in the axial zone in
late July.

Tepsako River.—A small river that is mentioned by the
1946 U.S. Bureau of Mines party. The river is not definitely
located, but it is reported that the Point Lay Eskimos mine
coal on this river 10 miles east of Point Lay.

Thetis Creek.—A small creek that enters the ocean about
8 miles west of Cape Sabine.

Thetis mine—An abandoned coal mine on the coast about
5.5 miles west of Cape Sabine. It was named for the U.S.
Revenue Service vessel Thetis that refueled with this coal.
It was first used by the Thetis in 1889 (Baker, 1906, p. 622).

Thetis syncline—A northwestward-trending syncline between
the Pitmegea River and Thetis Creek.

Tingmerkpuk high.—A structural salient between the Kuk-
powruk and Tingmerkpuk Rivers southwest of Poko Mountain.

Tingmerkpuk River—A major headwater tributary of the
Kokolik River that rises in the vicinity of Tingmerkpuk Moun-
tain. It was named by one of the 1923-26 field parties from
the Eskimo name for this mountain, which means “big eagle.”

Tolageak.—An old abandoned village site on Kasegaluk
Lagoon at the south side of the mouth of the Utukok River.
The meaning of this word is not known.

Toonak Creek.—A creek that flows into Kasegaluk Lagoon
about 11 miles northeast of the mouth of the Kokolik River.
Toonak is the Eskimo name for the ecreek and means “devil.”

Tulugak Creek.—A small creek that enters the ocean close
to Cape Beaufort. This is an Eskimo name, which means
“raven.”

Tupikchak basin.—An almost circular structural basin be-
tween the Utukok and Kokolik Rivers and northeast of Poko
Mountain, whose axis is continuous with that of Tupikchak
syncline.

Tupikchak Creek.—A westward-flowing tributary of the
Kukpowruk River that lies in the axial zone of Tupikchak
syncline, and about 13 miles north of Igloo Mountain.

Tupikchak syncline.—An eastward-trending syncline that in-
tersects the Kukpowruk and Kokolik Rivers and lies about 10
miles north of Poko Mountain. It is named because of the
Eskimo name for the group of hills on the Kokolik that make
up part of this syncline. According to P. S. Smith’s 1926
notes the word means “new house.”
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northwestward flowing consequent stream, at right
angles to the trend of the tributaries.

The part of the Colville River which is included in
the southeastern part of the Utukok-Corwin region
flows north and east and in part forms the boundary
between the northern and southern foothills sections.
The river is a single-channel stream, deeply entrenched
in bedrock, and is in part controlled by eastward-
trending structural features.

In winter the streams are frozen solid to the river-
bed in many places. Spring breakup occurs in mid-
May and begins with melt water flowing over the ice
and eroding interconnecting channels. This was ob-
served in the headwaters of the Utukok River on May
12, 1947, and in the Kukpowruk River headwaters on
May 25, 1949. The “anchor ice,” which is frozen to
the streambed, breaks last, usually several days after
the initial flow. This occurs near the crest of spring
rise, and large angular pieces of ice break and rise
abruptly to the surface, imperiling boat travel. The
streams are bank full, yellowish brown with silt and
mud, and overflow all but the highest vegetation-cov-
ered gravel bars. During the spring breakup of the
Utukok River in 1947, even many of these were cov-
ered. The lower courses of the streams were not ob-
served during this time.

Stream discharge fluctuates rapidly during the sum-
mer season. Following the spring thaw, levels of the
major streams fall several feet, and the smallest tribu-
taries become completely dry. During prolonged dry
periods in the summer, many of the larger tributaries
are dry or reduced to small trickles; the major streams
are clear and very low, and large expanses of gravel
bars are exposed. The tundra is capable of absorbing
great quantities of water before runoff begins; and
although a rapid 2- to 3-foot rise of the river level
may closely follow several days of rainy weather, flash
floods are unknown.

Kasegaluk Lagoon begins 23 miles north of Cape
Beaufort, extends 125 miles northwest along the Arctic
coast, and has a maximum width of about 414 miles.
It is relatively shallow and is separated from the Arec-
tic Ocean by a low offshore bar which in most places
is not more than 1,500 feet wide. Several breaks in
the bar give access to the ocean. In most places, par-
ticularly on the landward side, the lagoon is extremely
shallow, even at high water. Natives of Point Lay
are familiar with the channels, the deepest of which
generally appears to lie along the landward side of the
offshore bar.

The coastline from Cape Lisburne northeastward
past Icy Cape seems to be one of emergence. This is
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evinced by ancient beach levels above present sea level,
at least from Thetis Creek northward, by the active
downcutting of young streams in the area from Corwin
Bluff to Kasegaluk Lagoon, by the formation of off-
shore bars west of Kasegaluk Lagoon and the large
deltas being built by the major rivers, and by the
presence of Pleistocene marine deposits in parts of the
coastal plain. Relative dates of emergence of various
parts of the coast are not known with certainty; how-
ever, it is believed that the coast north of the Kuk-
powruk River has emerged most recently and that the
Cape Beaufort to Cape Lisburne part of the coast is
older. North of the Kukpowruk River, coastal fea-
tures are those of a young emergent coastline; south
of the Kukpowruk, numerous low islands and land-
ward extensions of the offshore bar represent a filling
in of the lagoon by landward bar migration; and far-
ther south and west, wave-cut cliffs of the Cape Beau-
fort to Cape Lisburne coast may resemble mature to
old features of an emergent coastline.

However, the history of the coastline has probably
been complicated by other factors than those stated
above. The coast as far south as Cape Beaufort has
recently been affected mainly by epeirogenic forces.
Although epeirogenic uplift has also affected the
coastal area southwest of Cape Beaufort, this part lies
nearer to the orogenic belts of the Brooks Range gean-
ticline and the Tigara uplift (Payne, 1955). The
orogenic forces from these tectonic elements may have
been locally counteracted or reinforced by the epeiro-
genic forces. Much additional information could be
obtained by detailed studies of the Quaternary beds,
including the present coastal deposits, and geomorpho-
logic studies.

SETTLEMENTS AND ARCHAEOLOGY

The only permanent settlement in this sparsely pop-
ulated region is the coastal village of Point Lay on
the narrow offshore bar west of the mouth of the
Kokolik River. The schoothouse is a conspicuous
landmark, and low wooden houses and tents consti-
tute the major part of the settlement, which is about
25 feet above the ocean. Another landmark, about
one-quarter of a mile south of the village is a pingo
or ice pressure mound (called Kullie by the Eskimos),
which rises about 20 feet above the bar. About 60
Eskimos were permanent residents of Point Lay in
1947; a weather and shortwave radio station has been
established, as well as a Government-owned store and
a small airstrip. The increase in population from 12
people in 1923 (Paige, Foran, and Gilluly, 1925) is
principally due to migration to the facilities available
here.
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Shallow wells have been dug for fresh water but
were not in use in 1947, the water having become
brackish: instead, water was being obtained from the
Kokolik River or from fresh-water lakes on the main-
land and transported by boat to the village. How-
ever, the easy access to the open ocean, the central
location in relation to the major rivers and along the
established winter sled route, and the relatively mos-
quito-free position of the off-shore bar apparently
compensate for the lack of a local water supply.

Although the Point Lay Eskimos live largely by
hunting and fishing, and caribou, seal, walrus, and
beluga are taken regularly, many food staples and
supplies are also brought in early autumn by the
Alaska Native Service ship North Star. No domesti-
cated reindeer were being kept by the Point Lay peo-
ple in 1949, although a Government-built corral still
standing at the mouth of the Kokolik River was used
in the 1930's and early 1940's.

Coal is brought in by the North Star or is dug by
the Eskimos from coal beds on the Kukpowruk River.
A minor amount of coal is obtained along the ocean
beach, where it is thrown by severe storms. Occa-
sionally the Corwin mine near Cape Lisburne is used.
Although driftwood is scarce in the vicinity of Point
Lay, owing to constant foraging by the villagers, it is
fairly abundant on less frequented parts of the coast,
and the Point Lay Eskimos augment their fuel supply
with boatloads of this wood.

During 1949 the U.S. Coast and Geodetic Survey es-
tablished a temporary camp on the barrier beach
about 6 miles south of Point Lay and opposite the
mouth of the Kukpowruk River. Eskimos were em-
ployed as laborers, and a number of them, mostly from
Point Lay, established their own temporary camp ad-
jacent to the main camp.

Many abandoned huts and villages can still be seen
along the coast in this region, and a few places north
of Point Lay are intermittently used as family
dwelling sites. A more complete description of the
old settlements is given by Smith and Mertie (1930, p.
99-107). In 1953 several sod huts and hut sites were
seen at the mouth of Thetis Creek and at the west end
of Ahyougatuk Lagoon, and a few scattered shelter
cabins were present along the coast. Two roofless
cabins and a coal barge near the mouth of Kookrook
Creek are all that remain near Corwin Bluff. Older
village sites are found on the Utukok and Kukpowruk
Rivers. Remains of an old settlement, Tolageak, were
seen in 1947 at the mouth of the Utukok River. The
site was marked by a small graveyard and a few drift-
wood poles rising above the flat tundra. No excava-
tions were made, but a few wood and bone articles

were exposed in low banks being undercut by the
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stream. Signs of recent campsites were also present.
Another village site of about 20 dwellings at the junc-
tion of Disappointment Creek and the Utukok River
included a sod hut and many small rectangular de-
pressions and mounds. Historic-contact material (tin
cans, cartridge shells) was in evidence on the surface,
and some depressions contained flint artifacts and ar-
ticles of stone, ivory, and bone. These sites are be-
lieved to be of fairly recent origin (Thompson, 1948) ;
two villages of historic time were found on the Kuk-
powruk River by Solecki (1950).

Inland travel by the Eskimos is done during the
winter. Only rarely do they go even a short distance
inland during the summer season. Abundant evidence
of recent and old hunting and trapping parties was
seen along all the main rivers and included steel traps,
rock deadfall traps, remmants of temporary campsites,
axe- and saw-cut logs, cans, stoves and other abandoned
equipment. Campsites are commonly found near an
outcrop of coal which was used for fuel.

Many stations where flint was chipped were ob-
served in the foothills province along all major rivers.
A Folsom point found by Sable in 1947 (Thompson,
1948), the first to be found in these northern regions,
has stimulated new interest in the disputed theories
of early migrations to the American continent. Sub-
sequently other Folsom-type points have been found
farther east (Solecki and Hackman, 1951).

An Eskimo skeleton, associated with several chert
cores and a caribou skull from which the antlers had
been hacked, was found partly embedded in the tundra
along the Utukok River between 1947 camps 10 and
11 (pL 7). The human skull and the above-mentioned
artifacts were contributed to the Smithsonian Insti-
tution.

Archeological work in the region included a recon-
naissance inland from the mouth of the Utukok River
by Helge Larsen (Larsen and Rainey, 1948) in 1942.
Ralph S. Solecki, archaeologist with the Smithsonian
Institution, accompanied the 1949 Geological Survey
party and collected considerable material along the
Kokolik and Kukpowruk Rivers. Three phases of cul-
ture in northern Alaska are postulated by Solecki
(1950).

All artifact material is apparently of local origin
and includes gray and black chert, common in coarse
river gravels of the area, caribou antlers, and walrus
ivory and driftwood, which can be obtained from the
coast.

The discovery of several inscribed sandstone slabs
on the high ridge east of the Utukok River 414 miles
southeast of Carbon Creek in 1947 aroused much short-
lived speculation. Letters, names, and dates had been
inscribed on the slabs and included the name “WEIR
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WARD?” and the date “1844” (Thompson, 1948). The
authenticity of the date has since been disproved (C.
L. Whittington, written communication, 1951). Other
inscribed sandstone slabs found in 1950 near the top
of Eskimo Hill, less than 1 mile east of the mouth of
Carbon Creek, included 1 slab which contains deeply
inscribed designs and scratches, rectangular in outline,
inside of which are scratches at right angles in a reticu-
late pattern. These markings are considerably weath-
ered and lead to the belief they may be prehistoric

petroglyphs.
VEGETATION

Lengthy descriptions of the vegetation in northern
Alaska are given by Smith and Mertie (1930, p. 72-82)
and by Spetzman (1959). In general the vegetation
is dwarfed, and except for willow bushes immediately
adjacent to the streams, most plants are less than 2
feet in height. Most of the Utukok-Corwin region is
covered by tufted cottongrass, sedges, lichens, mosses,
and heath communities of glandular and dwarf birch,
small  willows, mosses, lichens, mountain heather,
dwarfed blueberry bushes, lingenberry-mountain cran-
berry, crowberry, cloudberry, and many colorful wild-
flowers. These range from 1 to 24 inches in height but
average less than 12 inches.

The tundra, which covers nearly all of this treeless
Arctic region, may be described as the vegetation and
soil(?) cover composed of low plants, shrubs, and the
underlying humus and soil to the upper surface of
perennially frozen ground. The thickness of the ac-
tive layer of soil ranges from about 6 inches to 3 feet
in this area. Tundra can be roughly divided into
poorly drained and well-drained types, largely on the
basis of topographic factors. Each type has distinct
features, but transitional areas also occur.

Poorly drained tundra covers about 65 percent of
the region and occurs throughout the coastal plain, on
drainage divides, and in lowlands in the foothills. It
includes cottongrass tussock or niggerhead meadow
tundra and marsh or wet sedge meadows. The cot-
tongrass tussock tundra, which reaches maximum dis-
tribution in lowlands and interstream areas, is almost
entirely formed by tussocks, the most widespread
microrelief surface features in this part of Alaskan
tundra. The tussocks are similar in form and origin
to those on the Seward Peninsula (Hopkins and Siga-
foos, 1951). Tufted cottongrass, Eriophorum wvagi-
natum spissum, grasses, mosses, reindeer lichen, sedges,
and low willows in protected areas, are the most com-
mon plants of the vegetation. Marsh includes shallow
lakes, ponds, and bogs, which contain sedges, grasses,
aquatic flowering plants, and algae. Sedge and cot-
tongrass tussocks are locally present, but most marshes

are essentially level, with open emergent vegetation
extending slightly above the water surface and a layer
of peat underlying the marsh. In the foothills prov-
ince, some marshes occur in abandoned stream mean-
ders and lowlands, and isolated marshes and small
lakes also occur in highlands where frozen ground and
surrounding areas of higher altitude restrict drainage.
They are very common throughout the coastal plain.

Well-drained dry upland meadow or alpinelike
tundra is present on partly barren highland bluffs and
hills in the foothills and on gravel deposits above the
flood-plain level of streams. Mosses, lichens, heath
shrubs, flowering plants, and some grasses and sedges
oceur in patches or strips between barren active soil
areas on the hills. Bedrock and talus on hills are
partly covered by lichens, mosses, and flowering plants.
Low-lying gravel bars and terraces adjacent to present
streams have a partial to nearly complete cover of
willows, mosses, grasses, and flowering plants, but the
more exposed gravel terraces at higher altitudes are
relatively barren except where they are being en-
croached by cottongrass tussock tundra.

Some plants were collected by members of the par-
ties as time and conditions permitted. The collections
were made hastily and are very incomplete. Speci-
mens were determined by Dr. E. H. Walker, of the
Smithsonian Institution, and other botanists as
follows:

Flowering plants from the Kukpowruk River between lat 68°30’
and 69°30" N., in June-July 1949

[Field specimen numbers Robert M. Chapman 131 through 156]

Anemone muliiceps (Greene) Standl. (131)

Anemone parviflora Michx. (135)

Artemisia globularia Cham.; det. by J. P. Anderson (138)

Artemisia trifurcata Steph. var. A. trifurcata helerophylla (Besser)
Kudo; det. by L. H. Jordal (142)

Aster sibiricus L. (141)

Astragalus alpinus L. (139)

Astragulus umbellatus Bunge (147)

Caltha palustris L. var. arctica (R. Br) Huth.; det. by J. P.
Anderson (134)

Draba chamissonis G. Don (154)

Dryas octopetala L. (151)

Erysimum pallasie (Pursh) Fern. (136, 153)

Geum glaciale Adams (133)

Hedysarum mackenzii Rich. (137)

Myosotis alpestris Schmidt. asiatica Vesterg. (144)

Oxytropis nigrescens (Pall.) Fisch. ssp. pygmaea (Pall.) Hult. (152)

Pedicularis lanata Cham. and Schi. (145)

Pedicularis langsdor fiz Fisch. (149)

Polemonium coeruleum L. (=P. boreale Adams) (140)

Potentilla uniflora Ledeb. (148, 150)

Ranunculus sulphureus Soland (146)

Senecio atropurpureus (Ledeb.) Fedtsch. ssp. frigidus (Rich.)
Hult. (143, 156)

Smelowskia calycina (Steph.) C. A. Mey. ssp. inlegrifolia?
(Seem.) Hult. (155)

Youngia (= Crepis) americana Babcock; type of n. sp (132)
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Most of the willows are less than 3 feet high, but in
some localities they are as much as 15 feet in height
and 3 inches in diameter. Small trees, believed to be
balsam poplar, as much as 9 feet high and 2 inches in
diameter, were seen growing on a southeast-facing
slope along the Utukok River near the mouth of Dis-
appointment Creek.

WILDLIFE

Excellent descriptions of the northern Alaska ani-
mal life are given by Smith and Mertie (1930, p.
82-99).

Arctic grayling, the only fish that was noted in the
streams and lakes in this region, are common but not
abundant. Ptarmigan, hawks, falcons, jaegers, plovers,
and smaller birds are abundant in the foothills prov-
ince, and some ducks, geese, loons, owls, and eagles
were seen. Ducks, geese, and many kinds of shore
birds are common in the coastal plain province, in
addition to the other kinds mentioned with the ex-
ception of hawks, falcons, and eagles. A few swans
were noted on Kasegaluk Lagoon.

Caribou are abundant in the region, particularly in
the foothills province. Usually one can see at least 10
during a day’s travel, and occasionally, late in the sum-
mer, herds of several thousands may be seen. Large
wolves are fairly common and are seen most often
when their prey, the caribou, are in the vicinity. Griz-
zly bears can be seen occasionally throughout the area.
While not numerous, they range widely and relent-
lessly seek and destroy food caches that are not ade-
quately protected. The bears were not a real danger to
men or camps, because they almost invariably flee
once they sight or scent man. No moose or signs of
moose were seen in the area.

Red, black, and cross foxes, ground squirrels (called
sik-sik or sigerik by the Eskimos), hoary marmots
(called sik-sik-puk or sigerikpuk by the Eskimos) lem-
mings, shrews, and voles are the most common small
mammals. White foxes are common in the coastal
area. Wolverines are quite rare in this region, and
only four have been reported near the Utukok and
Kokolik Rivers by Geological Survey parties. A por-
cupine, previously unreported in this region, was seen
in late August 1950 near Meat Mountain (C. L. Whit-
tington, oral communication, 1950), and two more were
seen near Corwin Bluff in 1953. Rabbits have been
reported by the Eskimos, and signs of rabbits on the
Kokolik and Kukpowruk Rivers in 1926 were reported
by Smith and Mertie (1930). None have been seen in
more recent years.

Insects of many kinds are common, but no effort was
made to identify any but the ubiquitous ones. Mos-

quitoes are so abundant and annoying during late
June, July, and early August that the use of mosquito-
proof clothing and tents is necessary. Although the
mosquitoes are numerous and annoying in this region,
even during calm periods they do not equal the
myriads encountered farther inland. The almost con-
stant breezes and strong winds in the region serve to
keep the mosquitoes from flying most of the time;
mosquito-free days were common in 1947 and 1949.
Flies and gnats are common during about the same
period as the mosquitoes. Flies have been noted as
early as mid-May, and gnats in early June.

CLIMATE

A discussion of climate in northwestern Alaska by
Smith and Mertie (1930, p. 51-72) includes observa-
tions on temperature, precipitation, wind, and navi-
gational factors, and parts of the Utukok-Corwin
region visited by early parties are included in this
discussion. Collier (1906, p. 11) gives a short résumé
of weather observations along the coast of the Cape
Lisburne peninsula.

The only weather station in the Utukok-Corwin re-
gion is at Point Lay where records have been kept
since the early 1940’s. However, the records are not
continuous and contain a limited amount of data. They
show that the prevailing wind directions are north-
east and southwest; that almost without exception
August is the month of heaviest precipitation, with a
recorded maximum of 6.24 inches in 1946; and that
freezing or near-freezing temperatures occur in every
month of the year. ’

The Geological Survey field parties made general
observations of meteorologic conditions in May, June,
and July of 1947 along the Utukok River, and in May
through August on the Kukpowruk and Kokolik Riv-
ers in 1949. Observations of temperature by maxi-
mum-minimum thermometer, wind direction by com-
pass, roughly estimated wind velocity, and amount of
precipitation were made at camp locations along ma-
jor river valleys. The observations are the first of
this kind to have been made in the inland part of the
region, but they are limited in scope. Table 1 gives
the monthly totals and averages of these observations
in 1947 and 1949.

In general, two types of climate, coastal and inland,
were noted in the Utukok-Corwin region. The coastal
type appears to be restricted to the Arctic coastal
plain and to the foothills bordering the Chukchi Sea
in the western part of the region. The types of cli-
mate are probably influenced by the differing topog-
raphy of the two provinces, as well as by distance
from the ocean. During the summers of 1947 and
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1949, the coastal plain appeared to have lower tem-
peratures, more precipitation, and a higher percent-
age of cloudy days than the foothills. As a result,
snowbanks along river cuts in the coastal plain and
at the north edge of the foothills linger until late
summer or may be perennial, but most of those in the
foothills melt by mid-July.

Strong windstorms from southerly and easterly di-
rections were common in the inland part of the re-
gion in 1947 and 1949, and many were of gale veloc-
ity. In December 1951 the derrick at Kaolak test
well 1 was blown down by wind estimated at 100 miles
per hour (Grye, 1952, p. 1249). Wind is a source of
constant irritation to field workers, and few topo-
graphic features offer any shelter from the blasts.
Many gales and strong winds are concurrent with clear
weather and high barometer readings, and they con-
tribute greatly to rapid evaporation of surface wa-
ters. Winds of gale velocity are also common along
the coast. In July 1953 strong southeast winds esti-
mated to be more than 80 miles an hour forced down
a bush plane near Aknasuk Creek and continued al-
most unabated for several days. The strongest winds
during the time that the field party was in this vicin-
ity were from southerly and northerly directions. Pre-
vailing winds along the northwest coast greatly affect
the depth of water in Kasegaluk Lagoon and are of
importance in the navigation of small boats in the
lagoon. Northerly and westerly onshore winds drive
ocean waters into the lagoon through several breaks
in the offshore bar, thereby raising the water level as
much as 2 or 3 feet, and counversely, southerly and
easterly offshore winds lower the water level in the
lagoon.

FEATURES RELATED TO CLIMATE

The Arctic climate is a major factor in producing
geomorphic features in the Utukok-Corwin region.
Mechanical disintegration of rock, soil flowage, soil
creep, and permafrost, all results of temperature and
moisture conditions modified by other factors, con-
tribute to the production of surface forms. Observa-
tions of geomorphic features in the area were limited
to brief descriptive examinations in scattered localities.

Soil creep and soil flow are important agents of de-
nudation in the foothills province and are indicated
by the widespread occurrence of smoothly rounded
ridees, mudflows, streaked surfaces on sloping ground,
and many linear microrelief features. Although pre-
cipitation is light, the tundra usually contains a large
amount of water caused by the melting of frozen
ground during the summer. The water content in-
creases downward as frozen ground is approached, and
a mearly saturated layer as much as several inches

thick overlies the frozen ground and acts as a gliding
plane in the development of flowage and creep fea-
tures. It is believed that these agents are important
contributors to the high silt and mud content of
streams during high water.

The work of wind as an erosive or depositional
agent appears to be minor in this region. On hill-
sides and summits exposed to the high winds, abra-
sion produces fluting and rock pedestals in sandstone;
and in fresh cutbank exposures fine material is wind
eroded, but these features are rare, as the widespread
vegetation cover inhibits wind erosion. No extensive
windblown sand or loess deposits are known in this
region.

Chemical weathering and leaching are also minor.
During spring melting, yellow and brown tundra
streams contain great amounts of organic material in
solution and suspension. A slimy yellowish-brown to
orange precipitate, presumably ferruginous, is formed
on the bottoms and sides of stagnant tundra pools
and bogs. Chemical solution is greatly retarded by
the presence of frozen ground, and no sure indica-
tions of soil leaching were recognized. Solution cavi-
ties are absent from the rocks.

PERMAFROST

Permafrost, or perennially frozen ground, is defined
as “a thickness of soil or other superficial deposit, or
even of bedrock, at a variable depth beneath the sur-
face of the earth, in which a temperature below freez-
ing has existed continually for a long time (two to
tens of thousands of years)” (Muller, 1945, p. 3).
Northern Alaska, including the Utukok-Corwin re-
gion, lies entirely in the continuous permafrost zone,
as contrasted to most other parts of Alaska where
permafrost is absent, sporadic, or discontinuous
(Péwé, 1954, p. 317, fig. 69). Conditions which affect
the depth of seasonally frozen ground (active layer),
and the thickness, upper limits (permafrost table), and
lower limits of permafrost are discussed by Muller
(1947), Black (1951), Hopkins, Karlstrom, and others
(1955), and others. Although in general permafrost
is slowly thawing, recently formed permafrost has
been recognized in all permafrost zones (Hopkins,
Karlstrom, and others, 1955, p. 115-117).

Permafrost is believed to underlie nearly all the
land area covered by this report, but may be at con-
siderable depth or absent beneath large rivers and deep
lakes. The upper limit of permafrost ranges from 6
inches in depth in poorly drained tundra, to a depth
of more than 3 feet in well-drained tundra where vege-
tation is sparse. Evidence of recent rise of the perma-
frost table was found in 2 localities. In July 1947 on
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wedges are no longer active. The tundra surface above
the cutbank slopes gently towards the cutbank, and
soil creep and flow have probably been instrumental
in covering the “relict” wedges.

On the Utukok River near 1947 camp 4, a fresh cut
exposes 2 feet of gravel overlain by 3 feet of silt and
a mantle of 2 feet of peat, soil, and living vegetation
on a flat poorly drained tundra surface. The main
part of the ground ice occurs in the silt layer and con-
sists of clear layered ice of the ice-gneiss type, ranging
from 15 to 14 inch thick, and 3 ice wedges, which in
cross section are from 12 to 20 inches wide at the top
of the silt layer and abruptly narrow to a few inches
width in the tundra mantle. Vertical contraction
cracks extend downward into the ice wedges for about
1.5 feet, and the positions of the wedges are expressed
on the tundra surface as fissures a few inches deep
which intersect to form tundra polygons. The bottoms
of the wedges are obscured by slump; no ice was seen
elsewhere in the underlying gravel. Upward bends of
the ice-gneiss layers against the sides of the wedges
occur in all 3 wedge localities. These wedges are rela-
tively small and appear to be active.

A similar occurrence of ground ice was observed
near 1947 camp 3 along the Utukok River. Ice-gneiss
layers in silt at this locality range from 14 to several
inches in thickness and are associated with small ice
wedges. Between 1947 camps 13 and 14 on the Utukok
River a cutbank 300 feet long and 20 feet high con-
tains ice-gneiss layers interrupted by ice wedges as
much as 15 feet wide. Nearly all the wedges contain
vertical cracks as much as a few feet long which ex-
tend into the overlying tundra and intersect to form
tundra polygons. Ground ice was present in all sur-
face fissures, and polygons truncated in 2 places by the
cutbank were found to have ice wedges at each end.

From the widespread occurrence of surface fissures
which form polygonal outlines (tundra polygons) on
poorly drained tundra surfaces, an interlacing network
of active ice wedges beneath the surface has been in-
ferred by Leffingwell and other investigators. Older
inactive ice wedges may not have surface expression,
and the proportion of ground ice of this type is prob-
ably greater than is apparent. Leffingwell (1919,
p. 211) states that in 1 locality about 20 percent of the
tundra was probably underlain by ground ice, the
wedge type being the most obvious. Studies of aerial
photographs of the coastal plain in the Utukok-Corwin
region show that more than 50 percent of the tundra
surface contains tundra polygons which are as much
as 150 feet in diameter. Tundra polygons were ob-
served from the air on floors of shallow lakes; the
fissures in many places almost parallel the lake out-
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lines, with other intersecting fissures trending perpen-
dicular to the shorelines. This type of fissure pattern
also follows the outlines of cutoff river meanders.
Most of the tundra polygons observed appear to be of
the raised-center type with the fissures lower than the
edges of the polygons. In flat very poorly drained
areas, particularly in interstream areas in the coastal
plain, depressed-center polygons were seen. The fis-
sures lie between raised parallel ridges that are 6 inches
or more above the swampy center of the polygon.

During the destruction of ice-wedge areas by the
undercutting of a bank by wave or river action, large
masses of tundra and frozen ground often break off
along the ice wedges (Leffingwell, 1919, p. 210). The
resulting reentrant angles produce a serrate appear-
ance to the bluff faces, and these can sometimes be
recognized on aerial photographs as localities where
ice wedges are present even when polygonal ground
cannot be clearly seen. Examples of serrate bluff
edges can be seen on aerial photographs of the ground-
ice localities described above, and they are also associ-
ated with polygonal ground in the coastal plain and
along most of the coastline south of the Utukok River.
In many localities, however, the surface mat of inter-
woven tundra vegetation maintains its level attitude
as the sediments and ice beneath it are removed, so
that the tundra mat overhangs the water surface by
as much as 20 feet. The tundra subsequently subsides
owing to its own weight, curving over the bank and
resembling a gigantic blanket. This type of tundra
slump inhibits further thawing of frozen ground until
the tundra mat breaks away and the bank face is
again exposed.

Thaw lakes (Hopkins, 1949) and oriented lakes
(Black and Barksdale, 1949, p. 113-115) are common
features of the coastal plain in this region. They are
the results of ground subsidence caused by the melting
of ground ice, and they increase in size by thawing
and wave erosion.

Pingos or icing mounds, discussed by Porsild (1938),
are present in poorly drained tundra on the Arctic
coastal plain. Several pingos were seen in this prov-
ince east of the Utukok River, but none were exam-
ined. They appeared to be less than 30 feet high.

Beaded drainage (Hopkins, Karlstrom and others,
1955, p. 141) is common in poorly drained tundra of
the foothills provinces. This occurs in small streams
in the tundra in which water flow is interrupted at
intervals to produce small irregularly spaced ponds
with the appearance of roughly strung beads. No ex-
tensive examination of these was made. They may
form along ice wedge junctions, and the ponds may
result from deeper melting of ice, or they may be the
result of local damming by soil flowage.
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MICRORELIEF FEATURES

Microrelief features in poorly drained relatively flat
tundra in this region include grass tussocks, tussock
rings, peat rings, tussock-birch-heath polygons, frost
sears, frost mounds, and nonsorted cireles and polygons.
Grass tussocks, elongate peat rings, elongate tussock-
birch-heath polygons, nonsorted stripes, soil terraces,
soil lobes, lobate terraces, and tundra mudflows are
found in the poorly drained sloping tundra. Well-
drained tundra on level ground surfaces contains non-
sorted and sorted circles and polygons and on sloping
ground contains sorted and nonsorted stripes, rock
streams, and stone garlands. The above features have
been described and discussed by many investigators
in other areas, including Hopkins and Sigafoos (1951),
Washburn (1950), Sigafoos and Hopkins (1952), and
Sharp (1942).

Grass tussocks are as much as 2 feet in diameter
and 1.5 feet in height. Many are uniform in size in
local areas; they appear to be largest where drainage
is poorest. Near 1947 camp 5 in early July, frozen
ground was at 10 inches depth beneath the tussocks
and under relatively bare soil between the tussocks.
On slopes of about 5° to 20°, soil flowage may produce
a downslope alinement of the tussocks. Tussock rings
were seen on nearly all level tundra surfaces where
grass tussocks are the dominant form of vegetation.

Frost scars are most common in tundra areas of
moist soil and occur in a variety of shapes and sizes.
During the summer the bare soil surfaces of active
frost scars are flat to slightly convex upward, and
except in lowlying areas, the surfaces are dry.

Although peat rings, tussock-birch-heath polygons,
and transitional forms between these and tussock rings
are common in the area, no quantitative observations
were made of these features. They are similar to those
discussed by Hopkins and Sigafoos (1951) and occur
in similar environments.

Nonsorted circles and polygons were examined in
well-drained tundra on the level tops of hills near
1947 camp 5, Utukok River. They are regularly
spaced domes as much as 3 feet in diameter and 3 to
4 inches high, and their centers are composed of a
residual soil of clay- to angular-pebble-size fragments.
They are bounded by circular or vaguely polygonal
vegetation-bounded fissures a few inches deep in mate-
rial similar to that in the centers, but containing
more pebbles. Centers of the circles and polygons are
more moist than the edges, and moisture increases
fiownward to frozen ground which was at 1 foot depth
in July 1947. Vegetation around the edges consists
mainly of mosses and a few flowering plants. On
slopes as much as 15°, circles and polygons become
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elongate with downslope axes, and the elongate forms
are transitional to nonsorted stripes which occur on
slopes of from 15° to 25°. Bands of clay and silt-
sized detritus and scattered pebble-sized rock frag-
ments trend parallel downslope, range from 1.5 to 3
feet wide, and are separated by vegetation-covered
stripes as much as 8 inches wide which include small
drainage channels. Vegetation-free stripes are slightly
convex upward. The soil underlying the vegetation-
covered stripes appears to be the same as the exposed
soil, with a few larger cobbles. These may be either
inactive stone-polygon and stone-stripe features which
upon continued comminution have disintegrated to
finer sized particles or young features in the process
of formation.

Stone polygons, stone garlands, and stone stripes,
although uncommon features in the foothills, neverthe-
less occur at various localities on barren hilltops and
hillsides. Stone rivers were seen in the foothills where
bedrock is exposed above slopes of 15° to 25°. Angu-
lar fragments ranging from cobble to boulder in size
form the streams which are about parallel to each
other and in some places coalesce downslope. They
are rarely more than 25 feet wide and 200 feet long
and are free of vegetation except for lichens.

Other features of slope instability including soil
terraces, soil lobes, lobate terraces, and tundra mud-
flows are common throughout the foothills province
but were not closely examined during investigations
in the area.

STRATIGRAPHY

Sedimentary rocks exposed in the Utukok-Corwin
region include 1 unnamed Jurassic(?) unit, 5 named
Cretaceous units, and Quaternary deposits. Their sur-
face distribution is shown on the geologic maps (pls. 8
and 9), and the inferred distribution of some of the
units is shown on the structure sections (pl. 18). The
succession of stratigraphic units is given in table 2.

The generalized facies diagram (fig. 11) shows the
relative positions and relations of the major rock units
in the Utukok-Corwin region. Suggested correlations
of rock units in this area with those of the Colville
River region, 150 miles east, are shown on figure 12.

The terminology used in the rock descriptions of
this report includes bed, sets of beds, unit, sequence,
and section. Bed is used to denote a layer of rock that
is visually separated from the overlying and under-
lying layers by a change in lithology, a physical break,
or both, similar to Payne’s (1942) definition of lamina
and stratum; sets of beds is used to denote a succession
of beds of similar lithologic character, as shale and
claystone, which lie between rocks of visually different
character, such as sandstone. The terms “unit” and
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TABLE 2.—Summary

of sedimentary rocks and surficial deposits, Utukok-Corwin region, Alaska

Geologic age
Unit name Areas of surface exposure Character Th(ifclnt'l)ess
(0
Period Epoch
Recent Flood-plain and beach deposits. Foothills, coastal plain, and coast. Gravel, sand, silt, and mud. Marine and non- | 0-50(?)
marine.
Quaternary
- High-level terrace deposits. Foothills. QGravel, sand, silt, and ice. Nonmarine. 0-25+
eisto-
cene. Gubik formation. Coastal plain. Sand, silt, clay, gravel, and ice. Marine and | 0-113+
nonmarine.
" Unconformity
% S‘ Prince Creek formation. Northern part of northern foothills | Sandstone, conglomerate, shale, bentonite, and | 93+
Upper 3 E) and coastal plain. coal. onmarine.
o]
-Unconformity (?)

? X Corwin formation. Northern foothills and coastal plain. Shale and claystone, siltstone, sandstone, con- | 4,500k to
2a glomerate, coaly shale and coal, ironstone, 15,500+
© B bentonite. Dominantly nonmarine.

Cretaceous 28
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john (1949, p. 269-270). Claystone is applied to rocks
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composed dominantly of clay-sized material that occur
in beds one-half of an inch or more in thickness. It
may be even-bedded, nodular, lenticular, or massive.
In the described sections, most of the units designated
as clay shale also contain claystone interbedded with
and grading laterally and vertically into shale.

The color designations conform insofar as possible
to the color names of the National Research Council
Rock-Color Chart (Goddard and others, 1948).

JURASSIC(?) AND CRETACEOUS SYSTEMS

Exposures in the extreme southwestern part of the
Utukok-Corwin region, along the coast west of Risky
Creek to Ahyougatuk Lagoon and inland from the
lagoon to the upper part of Thetis Creek, have not
been studied in detail. As the result of boat traverses
along the sea cliffs and foot traverses in the hills bor-
dering the coast, two rock units have been mapped
(pl. 8); an unnamed Jurassic(?) unit of siltstone and
shale and Cretaceous rocks mapped as undifferentiated
Nanushuk group and Torok formation.

SILTSTONE AND SHALE UNIT
The siltstone and shale unit, of unknown thickness,
is exposed south of Ahyougatuk Lagoon and is believed
to extend southeastward south of Eesook syncline to
at least the headwaters of Thetis Creek. This sequence
contains rocks identical with those which overlie Tri-
assic rocks near Cape Lisburne west of this area. No
recognizable organic remains were found in these rocks,
which are provisionally assigned to the Jurassic period.
Rock types consist of dark-gray to black thin-bedded
hard siltstone and shale with a few medium-gray very
fine grained sandstone beds and scattered siliceous
ironstone nodules. Where exposed along hillsides, the
unit gives a finely striped appearance to the slopes and
further differs from the Torok formation and the
Nanushuk group in its darker color and higher degree
of induration. :

TOROK FORMATION AND NANUSHUK GROUP
UNDIFFERENTIATED

Rocks mapped as undifferentiated Nanushuk group
and Torok formation are exposed along the coast from
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a point 1.6 miles west of Risky Creek to Ahyougatuk
Lagoon, and strike inland in a belt which extends
southeastward from the coastal exposures. Part of the
seacliff exposures contain thick shale sections which
may represent Torok formation, and in the vicinity
of Eesook, sandstone and shale, in part fossiliferous,
resemble the Kukpowruk formation. Nonmarine rocks
probably equivalent to the Corwin formation have also
been recognized along the coast, in the headwaters of
Aknasuk and Risky Creeks and within Eesook syncline.
Regarding the coastline exposures from Aknasuk
Creek to Eesook, R. M. Thompson (1947, written com-
munication) states:
The lower part (west of Risky Creek) is predominantly shale
with thin siltstone and sandstone beds, and the upper part
(near Eesook) has many thick very fine grained sandstone
beds and carbonaceous sandstone and siltstone. The sequence
is highly folded and faulted (and) resembles the lowermost
unit of the Utukok River area (Kukpowruk formation). A
fossil found at Eesook (since lost) is probably the same pecten
type which occurs in the lower marine unit (Kukpowruk for-
mation) of the Utukok (area).

Microfossils present in 2 shale samples of this un-
differentiated sequence collected near Eesook include
Verneulinoides borealis Tappan (abundant in 1 sam-
ple), Saccammina lathrami Tappan (rare) and Haplo-
phragmoides topagorukensis Tappan (common) in
both samples; and 1 occurrence each of Hyperammi-
noides barksdalei Tappan (rare), Bathysiphon brosgei
Tappan (very abundant), Miliammina manitobensis
Tappan (common), Tritaria manitobensis Wickenden
(common), and Zrochammina rutherfordi Stelck and
Wall (common).

STRATIGRAPHIC RELATIONS

The relations of these rocks south and west of the
type section of the Corwin formation have been in
question since the earlier investigations. Collier
(1906, p. 30-31) refers all the clastic rocks “* * * south-
west of the area occupied by the Corwin formation,
and lying between it and the Carboniferous rocks ex-
posed at Cape Lisburne * * *” to “upper Mesozoic
beds,” and provisionally to Early Cretaceous age. He
interpreted these rocks to normally overlie the Corwin
formation, then thought to be Jurassic, but recognized
the possibility of a fault contact with the Corwin
formation. From a regional viewpoint, Smith and
Mertie (1930, p. 217) suggest that the contact is due
to faulting which resulted in making the western rocks
appear to overlie the Corwin formation and that these
rocks in reality are older than the Corwin formation.
Recent studies have established the presence of fault
zones in this area and substantiate the opinion of
Smith and Mertie, and the “upper Mesozoic beds” unit

of Collier has been separated into the two general
units discussed above.

CRETACEOUS SYSTEM
LOWER CRETACEOUS SERIES
FORTRESS MOUNTAIN FORMATION

NAME AND DEFINITION

The Fortress Mountain formation was named after
Fortress Mountain, near the Ayiyak River, 190 miles
east of the area of this report (Patton, 1956, p. 219~
221). In the Utukok-Corwin region, the name Fortress
Mountain formation is applied to the clastic rock se-
quence ‘which directly underlies the Torok formation
in the southern foothills section (Sable, 1956, p. 2640,
fig. 3). No exact time or stratigraphic correlations
between these rocks and the rocks in the type area
of the Fortress Mountain formation are implied.

DISTRIBUTION AND OCCURRENCE

The Fortress Mountain formation is exposed in three
separate areas along the southern boundary of the
mapped area (pls. 8 and 9) : the East and West Drift-
wood anticlines, which cross the Utukok River at ap-
proximately lat 68°52' N; the Iligluruk “high,” east
of and adjacent to the Kokolik River at lat 68°47" N
and the Tingmerkpuk “high,” between the Kokolik
and Kukpowruk Rivers at lat 68°46" N.

Outcrops of the formation are mainly limited to
scattered stream cuts, although bedding traces of re-
sistant rocks are locally common on ridge tops. The
traces, however, are rarely reliable for determining
bedding attitude, as they have been considerably dis-
turbed by frost action. Rocks of the formation form
distinctive rounded mud- and rubble-covered whale-
back ridges and hills which are relatively featureless
but are more than 700 feet high in the Driftwood
anticlines, 900 feet in the Iligluruk “high,” and are
estimated to be more than 1,000 feet high in the Ting-
merkpuk “high.” These hills are surrounded by low-
lands underlain by the Torok formation, and they
differ from hills of Kukpowruk formation rocks in the
absence of cuestalike and mesalike topography and the
lack of sharply defined and persistent rock traces. As
seen on aerial photographs of these areas (fig. 8),
dark-appearing tundra covers the lower flanks of the
hills, whereas the light-appearing ridge tops are com-
monly bare with subdued traces, mud heavings, and
fine linear features caused by flowage of rock detritus.
The ridgetops provide good, although discontinuous,
routes for foot travel and track vehicles, and the many
chipping sites found on the ridgetops indicated that
they have been frequently used by the Eskimo for
hunting observation points.
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CHARACTER AND THICKNESS

Interbedded shale, claystone, siltstone, sandstone, and
conglomerate in approximate decreasing order of abun-
dance constitute the Fortress Mountain formation in
the Utukok-Corwin region. This sequence differs from
the Torok formation in its greater abundance of coarse
clastic rocks, and from the Kukpowruk and Corwin
formations in its weathered color, nature of outcrop,
absence of coal, rarity of ironstone, and the usually
more argillaceous and indurated character of the
coarser clastic rocks.

Silty shale, clay shale, and claystone make up about
50 to 70 percent of the Fortress Mountain formation
and are medium to dark gray and rarely yellowish
gray, nodular, blocky, and fissile, and are poorly to
moderately indurated and slightly calcareous to non-
calcareous. They occur in beds less than 2 inches thick
and in sets of beds many tens of feet in maximum
thickness. Contacts with siltstone and sandstone are
gradational to abrupt, and bedding planes within the
shale commonly show polished and slickensided sur-
faces.

The siltstone is light to dark gray, rarely greenish
gray, platy to blocky, in part sandy, well indurated,
in part laminated or finely crossbedded, moderately
calcareous to noncalcareous, in part iron stained, and
has low porosity. The beds range from a fraction of
an inch to 2 feet in thickness.

In color the sandstone is mostly lighter than the
siltstone and ranges from light to medium gray and
olive gray, and less commonly it is greenish gray. It
weathers olive gray to yellowish gray and rarely yel-
lowish brown and iron stained, and is commonly fine
grained to silty but in part is medium and coarse
grained, fairly well sorted, moderately indurated to
very hard, argillaceous, micaceous, and moderately
calcareous to noncalcareous. It contains small-scale
crosslaminations restricted to layers less than a few
inches thick, “swirly” bedding, ripple marks(?), clay
pellets, a few chert pebbles and sandy iron-stained
nodules, and casts of irregular to straight linear mark-
ings and mudflow markings on the bottoms of beds.
The sandstone commonly shows graded bedding. Beds
range from less than an inch to more than 10 feet in
thickness. The porosity is uniformly low.

Conglomerate of graywacke type occurs as thin
lenses within or at the base of sandstone beds. The
matrix of clay to coarse sand-size particles is greenish
gray to dark olive gray and encloses scattered granules
and small pebbles of black, gray, red, and bluish chert,
carbonaceous fragments, white quartz, greenish sand-
stone, mafic igneous rock, and gray limestone.

Siltstone, sandstone, and conglomerate constitute
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about 30 to 50 percent of the Fortress Mountain for-
mation in the region of this report and increase in
abundance southward. These resistant beds are scat-
tered throughout the formation, but sets of beds form
resistant units as much as several hundred feet thick,
which are separated from each other mostly by shale
and thinly bedded siltstone. There are two such units
in the Driftwood anticlines: one in the uppermost
part of the formation, the other about 3,500 feet below
the top. These units appear to be lenticular and pinch
out abruptly both transverse and parallel to their
trend. Consequently, their value for correlative pur-
poses over even a few miles is uncertain.

Graded bedding is common in rocks of the Fortress
Mountain formation. The lower contact of a graded
sequence is abrupt and irregular; sandstone, conglom-
eratic sandstone, or conglomerate overlies clay shale
and the bottom surface of the coarse clastic contains
reverse impressions of the initial mud surface. These
include what appears to be fill of lobate or elongate
scour depressions, some of which contain longitudinal
striations, mudflows, worm trails and borings, elongate
and circular fucoidal markings, and possibly ice-crystal
markings. Within the coarse clastic rock, numerous
carbonaceous fragments and clay pellets are randomly
distributed. Typically, the sandstone grades upward
into finer grained sandstone of a more uniform tex-
ture, which exhibits “swirly” bedding in cross section.
It then grades into sandstone and siltstone containing
small-scale cross laminations, and it is successively
overlain by laminated siltstone, silty shale, and finally
clay shale, whch is again abruptly overlain by coarse
sandstone or conglomerate containing some or all of
the features described above. Sequences such as this
are repeated rhythmically but range considerably in
thickness—from a few inches to many feet. Although
the above sequence is an ideal example and cannot be
seen everywhere, some graded bedding characteristics
are present in most good exposures of the formation
and are reliable in the determination of order of super-
position of a succession of strata.

The total thickness of the Fortress Mountain forma-
tion is not known in this region. A partial section of
4,400 feet was computed from scattered outcrops along
the Utukok River on the south flank of East Driftwood
anticline. From measurements of partial sections south
of the mapped region, the maximum thickness of the
formation is estimated to be as much as 5,000 feet but
may vary considerably owing to facies changes.

STRATIGRAPHIC RELATIONS

No distinct contacts between the Fortress Mountain
formation and the Torok formation are exposed in the
mapped region, but the two formations appear to be
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darker hue and absence of rusty weathering, whereas
those in the lower part resemble clastics of the Fortress
Mountain formation. Exceptions include sandstone
and siltstone several thousand feet below the top of
the Torok formation near the axis of the Amo Creek
anticline along the upper Colville River, on Adventure
Creek, on Seismo Creek, and between the West Drift-
wood anticline and Flintchip syncline. These” sand-
stone beds appear to be relatively clean and possess
the rusty weathering typical of coarse clastic rocks of
the Nanushuk group as compared to the dominantly
olive-gray-weathering and dirty character of the For-
tress Mountain formation. All these sandy sections
appear to lie in the middle part of the Torok forma-
tion, and although their thickness and lateral extent
are not known, they may be correlative.

The resistant beds of sandstone and siltstone within
the shale units of the Torok formation are commonly
lenticular and cannot be traced along the strike for
appreciable distances. For example, the traces which
reflect resistant sandstone beds estimated to be 30 to
50 feet thick in the upper part of the formation west
of Meat Mountain cannot be followed for more than
a few miles along strike. This is well shown on aerial
photographs of the west end of Dugout syncline, west
of the Kukpowruk River. The disappearance of most
of these traces is believed to be due to facies changes
from coarser clastic rocks to shale. A few large
cutbanks afforded opportunities for direct observation
of abrupt pinch-outs. On the north flank of Archi-
medes Ridge anticline, 2.8 miles southwest of 1949
camp 23 (pl. 8) a 40-foot section including more than
60 percent of siltstone and sandstone thins northward
within 300 feet to a thickness of 10 feet. As there are
few good exposures of the Torok formation, it was not
possible to determine the lateral and vertical extent of
these facies changes.

Iron-stained shale beds containing abundant carbo-
naceous material, soft cream-colored limestone, and
concretions and nodules of several types constitute
very minor parts of the sequence and are described
below.

A section of rocks somewhat different from the mo-
notonous shale-siltstone exposures of the Torok forma-
tion is exposed along the east bank of the Utukok
River, 1.5 miles above its junction with Driftwood
Creek. Here, 490 feet of interbedded shale and silt-
stone contains a distinctive 2-foot bed of massive lime-
stone that is very pale orange to cream colored, dark
vellowish orange weathering, finely laminated, and
soft and is underlain by a thin poorly exposed bed of
yellowish-orange weathered sand. The limestone is
about 40 feet below the top of the section. Fifty feet

544908 0—61——3

below the sand a 1-foot bed of deeply iron-stained
carbonaceous clay shale, associated with considerable
gray mud, was exposed. This section is believed to
lie in the middle part of the Torok formation.

Rocks considered to be in the basal part of the Torok
formation in this region were examined in an incom-
pletely exposed section on the north side of East
Driftwood anticline along a northward-flowing tribu-
tary of Seismo Creek. The section, from top to bottom,
includes:

Estimated
thickness
1. Clay shale, dark-gray to olive-gray, fissile; with a  (feet)
few 1- to 4-inch interbeds of siltstone.__________ 100(?)
2. Covered._ . .. 50
3. Clay shale, as above; with scattered pyrite nodules__ 50
4. Covered. ... 100(?)
5. Clay shale, as above; contains scattered lenses of
moderate yellowish-brown claystone as much as
6 inches in diameter, septarian concretions as
much as 2 inches in diameter, and lenses as much
as 12 feet by 6 inches of medium-dark-gray silty
limestone with poorly developed cone-in-cone
strueture. - - - - e 25(?)
6. Covered_____ . . 75(7)
7. Clay shale, as above; with 1 to 2 inches of dark-
greenish-gray nodular to blocky shale___________ 50
8. Rocks covered to topmost sandstone of Fortress
Mountain formation_- . ____________________.__ 100
Total thickness.____.__ . _____________ 550(?)

A similar sequence was observed on the upper Colville
River 10 miles east of the above section in what is
believed to be the same stratigraphic position.

Measured thicknesses of sections in the Torok forma-
tion are approximate. Nowhere is the total formation
completely exposed, and although the upper limit of
the formation has been found in many foothills anti-
clines, the lower part of the formation is known to be
exposed only in the extreme southern part of the re-
gion. In all thick sections, some small folds and faults
of unknown magnitude were recognized, particularly
near anticlinal axes. Thicknesses were computed from
well-exposed but discontinuous outcrops at three locali-
ties: along Adventure Creek, on the south limb of
West Driftwood anticline; between East Driftwood
anticline and Meat Mountain, on the south limb of
Meat Mountain syncline; and north of the Colville
River along long 160°10' W., on the south limb of
Foggy syncline. The Meat Mountain section, 6,400
feet thick, represents the probable total thickness of
Torok formation in that locality.

The Foggy syncline section, 6,000==feet thick, meas-
ured from the top of the formation, and the Adventure
Creek section, about 5,200 feet thick, measured from
the bottom of the formation, do not represent total
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thicknesses. Farther north, the largest exposures of
Torok formation in this region crop out along the west
bank of the Kokolik River on the north limb of Archi-
medes Ridge anticline. Although not entirely continu-
ous, they extend 5 miles south of exposures of the
Nanushuk group on the south limb of Howard syn-
cline. A minimum thickness of 4,800 feet and a maxi-
mum of 7,200 feet were computed, and about 6,500 feet
is believed to be a reasonable average thickness in this
vicinity. The following section is shown on plate 10.

Section of the Torok formation, exposed on the north limb of the
Archimedes Ridge anticline along the west bank of the Kokolik
River between lat. 69°12.6’ N. and 69°14’ N., measured by E. G.
Sable in August 1949, and reexamined by C. L. Whittington in
July 1952.

Kukpowruk formation:
Torok formation (6,458 + feet):

Feet
1. Talus and silty shale, dark-gray, platy__ .. _________ 20
2. Silty shale and clay shale_______________________ 20
3. Covered._ . eo__.. 90
4. Silty shale and clay shale; 70 percent of unit; inter-

bedded with platy to blocky medium-dark-gray
siltstone containing ripple marks trending N.
45° W., (wave length of 4 in. and amplitude of
one-half of an in.), and worm trails._____________ 50
5. Talus and poor exposures. Clay shale and silty
shale with a few interbeds of siltstone from 6 in.
tolft thick. _______ o ___.
6. Mostly covered. Silty shale and siltstone talus___.
7. Siltstone, silty shale, and very fine grained sand-
stone; interbedded . ____ ____ __________________ 80
8. Siltstone and silty shale, interbedded; siltstone
(75 percent of unit) medium dark gray, car-
bonaceous, with massive to platy partings 1 in.
to 2 ft thick, finely crossbedded and laminated;
includes a few beds of fine-grained sandstone_.__
9. Talus of clay shale and silty shale.________________
10. Siltstone, very fine grained sandstone, silty shale,
and clay shale; interbedded similar to unit 8.
Siltstone and sandstone coarsely cross bedded
and contains carbonaecous fragments__ . __._____ 20
11. Siltstone, medium- to dark-gray, carbonaceous;
with thin interbeds of sandstone, silty shale, and

110
630

80+
40+

clay shale_ . . _________ . ____ 20
12. Partly covered. Talus of predominantly clay
shale with few beds of siltstone_ __ ____________ 2, 580

13. Clay shale, interbedded with siltstone; shale more
than 90 percent of section, siltstone beds from a
few inches to 3 ft thick. Minor folds and
possible faults__ . ___________________________

14. Covered by talus of shale, siltstone, and mud slump_

15. Silty shale, clay shale, and siltstone or very fine
grained sandstone; shale predominant; siltstone
in beds from 6 in. to 2 ft thick, finely crossbedded
and laminated, contains shallow irregular ripple
markings and mud eracks_ . __._.___._________

16. Clay shale. Angular lower contact with unit 17._ _

17. Siltstone or very fine-grained to silty sandstone with
interbeds of silty shale. Siltstone thin-bedded,
argillaceous, in wedge-shaped unit which thins
northward to 10 ft in 300 horizontal ft_________

590
180

510
170+

18. Poorly exposed. Clay shale with subordinate
amounts of silty shale and few interbeds of silt-

stone and very fine grained sandstone mostly TFeet
less than 1 ft but as much as 2 ft thick_._.______. 620
19. Clay shale, nodular to blocky; with interbedded
lenses of siltstone and very fine grained sandstone
as much as 3 ft thick and 10 ft long__ . ___._____ 430
20. Siltstone, dark-gray to brownish-gray, weathers
geayish-yellow, platy to blocky, micaceous; con-
tains coaly wood fragments, ironstone nodules,
and calcite veining_ _ . . ______________________ 5
21. Shale. e 10
22. Siltstone, as in unit 20..______________________._ 3
23. Mostly covered. Clay shale and silty shale,
interbedded with a few thin beds of siltstone.... 160+
Total thickness .- - - - - oo oo oo oo 6, 458 +

STRATIGRAPHIC RELATIONS

The contact between the upper part of the Torok
formation and the Kukpowruk formation is grada-
tional and intertonguing. An increase in coarse clastic
beds and lenses in the uppermost part of the Torok
formation culminates in the high percentage of these
clastic rocks that constitute the Kukpowruk forma-
tion. Likewise, it is believed that the contact between
the lower part of the Torok formation and the For-
tress Mountain formation is conformable and grada-
tional in this area, although the evidence for this is
less certain.

Angular relations between rock units within single
exposures of the Torok formation are not uncommon;
however, most of these resemble foreset bedding and
are not believed to represent major depositional breaks.
As an example, a cutbank along an unnamed tributary
of the Colville River, 2 miles east of Amo Creek, ex-
poses a shale-on-shale contact at which the lower beds
dip 39° N., and the overlying beds dip 15° N. Above
this, beds gradually revert to a dip of 40°—45° N,
Other similar relations were seen in many cutbanks in
the area and may have been formed by subaqueous
slump down low initial slopes, or changes in current
rate and direction.

Other angular relations that were recognized in two
localities by photogeologic studies of the region may
be more significant and may denote one or more tec-
tonic breaks within the Torok formation. These re-
lations consist of discordant structural trends within
the formation. Strike of beds in the upper part of the
Torok formation is generally parallel to the strike of
overlying rocks of the Nanushuk group, whereas beds
in the lower part of the Torok strike east-northeast,
subparallel to the regional trend of older rocks in the
southern foothills section and the De Long Mountains.
On the south flank of Meat Mountain syncline, three-
quarters of a mile north of Seismo Creek, sandy traces
in the lower part of the formation striking N. 80° E.,
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appear to be truncated by east-striking traces higher
in the section. This relation can be traced for at least
3 miles. A similar discordance is also present in the
Torok formation between the west plunge of West
Driftwood anticline and the east flank of Tupikchak
basin. Beds in the upper part of the formation strike
north, in alinement with the flank of Tupikchak Basin,
whereas the lower beds strike N. 40° E., or parallel
to the trend of the West Driftwood anticline. The
locations of the above discordances are shown on plate
8. They could not be mapped for more than a few
miles because of insufficient exposures. The interpre-
tation that these lines of discordance represent one or
more tectonic unconformities in the Torok formation
is supported to some extent by observations of regional
structure (see p. 144), and by the microfossil assem-
blages (p. 77-83). It is nevertheless possible that the
lines of discordance are surface expressions of faults.
Further fieldwork in conjunction with photogeologic
studies, particularly west of the Kukpowruk River
where rocks are better exposed, may clarify the prob-
lem, which is of regional significance.

AGE AND CORRELATION

As a lithologic unit, the Torok formation in this area
is similar to the Torok formation at the type locality.
Likewise, the stratigraphic position of this unit, im-
mediately underlying rocks of the Nanushuk group, is
consistent in all northern Alaskan areas where these
rocks are exposed. The upper part of the Torok for-
mation, at least, can be traced from its type locality to
the region of this report.

The lower part of the Torok formation is known to
overlie the Fortress Mountain formation and is be-
lieved to be in part equivalent to it, on the basis of
structural analyses east and south of this area. The
upper part of the formation is known to be grada-
tional into and equivalent in part to the lower part of
the Kukpowruk formation in this region (p. 91-94).
A depositional or tectonic break within the sequence is
inferred from structural studies and microfaunal evi-
dence, but it has not been proved. Since the overall
lithologic characteristics of the Torok formation are
everywhere similar, and because the inferred uncon-
formity cannot be mapped throughout the region, the
name Torok formation is assigned to the entire rock
unit between the Kukpowruk formation and the For-
tress Mountain formation, and no formal divisions
are made.

Rocks now included in the Torok formation of this
region were tentatively considered to be of Late Cre-
taceous and Early Cretaceous age by early investiga-

tors, although age determinations of fauna were un-
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certain (Smith and Mertie, 1980, p. 218-232). In
more recent investigations only a few megafossils were
found in this sequence. Collections from the upper
part of the Torok formation include the following,
which were identified by R. W. Imlay:

USNM 24463. Field sample 49ACh62. East bank Kukpowruk
River, lat 68°54'30” N., long 163°01’ W., Torok formation,
probably within 1,000 ft of top. Panope? kissoumi
McLearn.

USNM 24477. Field sample 49ASa65. North bank of Kukpow-
ruk River, lat 68°55’ N., long 163°04 W. Torok formation,
upper 300 ft. Panope? kissoumi McLearn.

USNM 24475, Field sample 49ACh182. Kokolik River, lat
69°00'30” N., long 161°56’ W., Torok formation, about 400
ft below top. Flaventia? n. sp.

REGION, NORTHWESTERN ALASKA

These fossils are also present in the overlying rocks
of the Kukpowruk formation in this region and may
emphasize the gradational nature of the upper contact
of the Torok formation.

Other collections from probable Torok formation or
from unknown stratigraphic positions within the
Torok formation include 1 sample collected by P. S.
Smith in 1926, previously identified by J. B. Reeside,
Jr., and reexamined by Imlay in 1953. They also in-
clude 2 samples from 1950:

USNM 13717. Field sample 26AS37. Igloo Mountain, near
Kukpowruk River, approximate lat 68°46’ N., long 162°50’
W., Torok(?) formation.

Arctica? sp.

Panope? kissoumi (McLearn)
Inoceramus sp. juv.
Pleuromya sp.

USNM 22480. Field sample 50ASa32. Plunge Creek, north of
West Driftwood anticline, lat 68°53’24” N, long 161°21' W,
Torok formation, upper part(?).

Ditrupa n. sp.
Tancredia Sp.

50AS8a18. West side of Adventure Creek, lat 68°51’ N., Torok
formation.

Retiphycus hewxagonale Ulrich (hexagonal markings).

Although the above fossils are not in themselves di-
agnostic, the position of the Torok formation, between
Fortress Mountain and Kukpowruk formations in this
region and in part equivalent to the Kukpowruk for-
mation, point to a late Early Cretaceous age for the
Torok in this region. All the above samples, with the
exception of 50ASal8, are shown in table 8.

Shale samples collected for microfossils in the Torok
formation along the Utukok River (table 3), the
Kokolik River (table 4), and the Kukpowruk River
(table 5), contain a meager microfauna, and most of
the fossils are also found in the overlying Kukpowruk
formation. The lower part of the formation, however,
sampled on the south flank of the Driftwood anticline
along Adventure Creek (table 3), also contains Doro-
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TaBLE 4.— Known occurrences of microfossils along the Kokolik River.

[Fossils identified by H. R. Bergquist. Abundance of fossils as indicated by number of specimens per sample: F, 1-6; R, 7-12; C, 13-25; A, more than 25. Samples collected
by R. M. Chapman and E. G. Sable in 1949]

Foraminifera fOth}ir
ossils
O @0 1 e B3 3 ) e o hxd w < A
2 |E |5 E S 18 |3 |2 1882 |s B & R RELERE
S S = 2 3 S & g ISES g « |2 g8 2 1S | =
218 |w 5 S g N R s s 5 |28 |
Field collec- | & | 5 [§ L - T BT - el O - T S RO~ o I ~ B Location
tonno. | =3 | s |8 . FEl g s 12 |8 1.=Zal B IT o SIS |2 IE|s | B
88| 54 |8 - I = gq S8138 2218 B 5 s %8 |3 2
SE|8c s | £ 5B E|S. |5, o2 |B.12al585E R 05| £ s lsmisl5.8 | &
= 2 S .l= =8 |2 =
55|88 05 | 5 |E5| 818 | e8| LB (89552 50 |R9l58| £ 2icislsd E | 2
Qe | BH | @ S| B S& =% .s_g RCR|3.,| 282 [=2B8 5 |d&zal 3 =23 3 =1
S| 38 8 g | 8% g 32| 32| 832 |32(8g(83 EE Salgal 3 (5852 8158 24 3
55|85 5B § 335 |E€|if |55 |EEs3SE| R RE\sE| B |SEZE|f|EE|RR 2
2 N 2|8 <
TR R RN |a |[§ BT RA]|S SRRSO
Corwin formation
49A8a209_ .|| _____ [N JEVRN RV (RPUSIEY USRI B IO (SR DR A, SO PR RV PSR SRS P S F Oxbow syneline, south limb.
Kukpowruk formation (upper part)
49ACh168____| F |._.__. R D RO UV RO PRV U R SR N IR RO (RS RO SR S RPN SV PN Flintchip syncline, south limb.
49ACh152__._.| R P |eeaes JRSEEIR) PEVU (RSN RPN NP RSSO RSN (R (R, [N PR P NSO PR (RSN RN PR IR, Poko Mountain syncline at axis.
Kukpowruk formation (lower part)
49A8a204.._.] R ... F F ol e JRURUE FRUR DR RO PR SRS ARG SRR FESUUUOR PSR PRV S Howard syncline, south limb.
49ACh194____|_____ .| _._._ I F s Deadfall syncline, at axis.
49A8a194___ | R {_.____ [ I USRI DRSNS ISR IR I (VSRS RSSO (RSO S RS D S JEURVRN DRSSO RO IR ISR PR ngoll)ik Warp syncline, north
mb.
49ACh186___.|_._.__ el e F Fo| | JEEE S SR I VSN N S RSO PRV ISURON) FRPUR ISR IR Kf‘koll)ik ‘Warp syncline, south
imb.
49AChI84____|______|______ RS ceea|eeee| F F oo R RPN RPN SRS PR Do.
49ASal88.___ F — Flintchip syneline, north limb.
492gg1§1__;_ —- JROROR PRSP FE R (R BO.
49ACh180____ R ——e - 0.
49ACh167____ [ I _{ Tupikchak syncline, north limb.
49ASal64____ _| Tupikchak syncline, south limb.
49A8a156_ ___ . Pcl)}zob Mountain syncline, south
imb.
49ABalds____| A |___.__ e F? jo|ecel] Foooo. F oo JER B R JEVEPIRN PR P - Do.
49ASals4.__.| R |____._ U JESRUREN (RO (RSN PRI FS JEURURES RN USRS R N PRSI (RS PP JROSEIR PRVRUEN PEVEPUNN IUUYRRY (RPN PR Do.
Torok formation (upper part)
49A8a201____| F? |._.___ I Howard syncline, south limb.
49ASal198.___| F? |._____ R Do.
4843:2&196_ I E;: ______ I Do.
4 alds____| F ... o Do.
49AS8al76__._.| R |._____ Flintchip syncline, south limb.
49AS8al75__._.| F |_____. U Do.
49ACh147_ | .. |._____ Fj..___ RSSO PRSSIES AV P F? oo emeaae ]| F? F|FI|.___ Lat 68°46’ N, long 161°58' W,
49ACh148___ F R? |.eao|eeeo| F Lat 68°45’ N., long 161°56’ W.
49ACh149____ Fi_____ JERRPE FRSSVES USUS SSRPY I RO SR DRSO JROUR SR e | F Lat 68°45’ N., long 161°56’ W.
Torok formation (strati; hic position uncertain)
49ASal4d___|._____ F? oo R PR S F? |..._.. FRURTONS SOV B P RS (RO B VRO RV RORUN FSUU FRSUR R, Apprgxi}nvsérte lat 68°47’ N., long
162°05 .
49ASal45____\ F |._____ F_____ RSN SRR DR RSP N [ DR PR JE R A JERE SE (R R B I Apprg)xi}nva‘;_te lat 68°47" N., long
162°05 .
49ASal46_ | ______|..___. Ri...... RS U RS PR M R U R I R RO N RS PRI I o O RS DU, A?gggi}n&}e lat 68°47" N., long
5 .
49ASal47_.__| F |______ C ... RS PRV VR PR F [ P R [ P A D O U OSSO FESS PR Apé)zrgxilmv%te lat 68°47" N., long
162°05 .
49ASa148._ | ____{______ R | ... [ IR P O S I O ] D JER RSN RSROEN RSURN PR I Apprgxi}n‘%te lat 68°47" N., long
162°05 .
49A8al49.___| F |.__. .. R U DROUSE) RSR PRSI P J PR S B RS R P U PRV O PRSI ISR RO Apprgxi}n%te lat 68°47' N., long
162°05 .
49AChI55. || .. R IR RNV SR R PR IR RN DR N P S D P D O S O SRR I, Lat 68°50’ N., long 162°03’ W.
49A Ch156___ I Lat 68°50’ N., long 162°03’ W.
49ACh157__. Lat 68°50” N ., long 162°03’ W.
49A8al58_ ___ | _____ Lat 68°48’ N., long 162°04' W.
49ASal60_.___| F Lat 68°48’ N ., long 162°04’ W,
49A8a161____|______ Lat 68°47’ N., long 162°04’ W.
49A8a162___| F |_____. F Lat 68°50’ N., long 162°03’ W.
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TaBLE 5.—Known occurrences of microfossils along the Kukpowruk River

[Fossils identified by H. R. Bergquist. Abundance of fossils as mdlcated by number of specimens per sample: F, 1-6; R, 7-12; C, 13-25; A, more than 25. Samples collected
by R. M. Chapman and E. G. Sable in 1949]

- Other
Foraminifera fossils

wenona-
borealis
topa-

barks-

Field collec-
tion

irregularis

Location

Cushman and Applin
Saccammina lathrami
sis Wickenden
Trochammina eilete Tap-
gorukensis Tappan
tarius Cushman
Loeblich and Tappan
Stelck and Wall

(Berthelin)
Ammobaculites

hae Tappan
Miliammina sproulei

Wickenden
Marginuling sp.

Cushman
Psamminopelta bowsheri

Tappan
Miliammina maniloben-
Ammodiscus sp.

dalei Tappan
Qaudryinella

Tappan

Tappan
Gaudryina canadensis

Tappan
Tritaria manitobensis

Tappan

Verneuilincides

Nauss
Trochammina rainwateri

pan

Haplophragmoides

pan
Ammobaculites fragmen-

Bathysiphon brosgei Tap-
Ammodiscus rotalaria
Verneuilinoides sp.

Trochammine rutherfordi
Bathysiphon vitta Nauss

Qlomospirella gaulting
Miligmming awunensis
Haplophragmcides sp.

Trochammina sp.
Hyperamminoides
Charophytes

Gaudryina sp.
Miliammina sp.

Gubik formation

49A8al42. | F | F | F | F2 e e o] oe e USROS PRI DRI DRSS PO (S ;-__!___- [ ___.1 ________ . __________

Corwin formation

49ACh127 || ecieai | T e e e e em e e e e e e e U (RO DRPURN) PRPRR DR N RS RPN (RSSO (RSN S R, Hi)\vard syncline, north

imb,
49ACh91..___ RSSO RORORO) ROSPUN BUSOON UORO B 2 N I 2 ORI VOO R PSR P SO PR S JRSEO SO SO PR S B S RPUPRTS) EPROR EPUION SR [ D%ad{)all syncline, north
imb.
49ACH82 .| e e e o e e ) ]l JRNVEURS USSR DRV IS RS JEOPON DRSS NSRN RO P F Kukpowruk  syncline,
north limb.
49AChT77_____ [N [N NSV JUSIUU PRV FUPRN NV FRRURY N 2 A ' RN DAY SRR (RUREN SRPRES SN JEUREES VRN DR SEUONN SO JEUREES RSSO RSN SR SN Kukpowruk  syncline,

south limb.
49ACh78_____ oo FYF | R eecdeee e ] ©C{C | R o] RN ST FEON RN U N SRS DR DR PR P Do.
49ACh49___._ JEVRVUS NSRS FUNRUNY SRUY FEVURN SRR USRI VRIS PRV SRl DRPUTRNE PURUTES (RSO PN JESESUNS TSNS DU RS R N JEOVORNS U DR I R F Coke basin, south limb.

Kukpowruk formation (upper part)

49A8a137 . ||| e e e e B et U B e e e e e el B:la_ra}%ara syncline, south
imb.
49ASalll . ||| e e U P e e e e e T e e e e Kasegaluk syncline,

south limb.
49AChI13. | __ | F? | F2 e |ecd| F L F oo oo e e R P2 oo e e e e e e e Do.
49A8a97. .. __ JROEOROR) SRS Ut (NN NSNS SR R U PNPROUO PUPMOU N NSUPURY NSNRONS DSUORONY OISO RS SN PNCUONS U PSP MOUNONY SNV DESVOUONS VO DRSO DA PR Dﬁad}f)all syncline, south
mb.

49ACh88_____ JESUREON RSO VRN RVUVURY PROUOR PSSR EOUUU PRV [EVUVROR SOt DU SUUPRH UUPROIUUS DRSO PUSSRN) [EVUROI SRSVRNES PRSI PR DRPUORRY PRSI IR SUPRN R SO

Do.
49ACh95...__ RS R R VRO NN FRPURO N PN URORONS JESUR USSP pESUONO SO UMY N ECUUON SUSURNO DRSO USSR DRSUOROR FEPUSIONN SR DESUSIONN ORI SRR NSO D?.adfall syncline, north

49ACh98_____ RSO ROUPRY SO SRR FHPUUPR) N - 5 N A PUURSRY FRPUOUS PR JUSSUY SRS (RSUI NI PR B 6
49A8a101 . _ R

49ACh100..
49ACh104._
49AChl107__ -
49A8290.____ RN R RS NS RSN PSS B O

49A8a93_____ .
49A Ch86.
49ASa04. .

49ACh8 - 0.
49A8a70_.___ JESNOUS DRSSO DU U DESNOION DEVUURO PUSIOION DRSO U (USUIONS RO PRPUOUON NI PEONIO SU P Tupikchak syncline,
north limb.
49ACh58_____ [ESUUER PEVU (AU U N N O Y I 2 A U Rt I Y & S N 1 O SN (RSN RN VUV RIS (RN DU IRV RSO RN IR DRSSP DU (SR (SUN B Tupikchak syncline,
south limb.
49A8a58___ __ [ Coke basin, north limb.

kukpowruk syncline,
north limb.

RN RO RO B o SRS

[EPNDUDNS RCRUPRY [ s RORPRO UOUSRO FPUPROS RS PAPUOROR I - PRSPV PUROUPR) DRSO RUUOR UURORY FRPUpIo BRI JUpUouvay DRSSO FPUN PRy B S RRSOUOOE SRS (SO FIPROIO RU

Kukpowruk formation (lower part)

49AChIN ||
49ACh119.____
49A8al02a___
49ACh72__.__ RO DR PR

49ACh70_____ JRPVORNS (VRN PRPRSUR ROUSN BOUUO USSPV PRI FRPUE USROS PRSI NN FRURUUEN FRUR USSRy RPN SRR PRy IR U SRRt PR PRPRIOR) SR S

49A8a64____. RPN RN DU SNV B N B

A jeec| F o]

Kasegaluk syncline,
south limb.
F oo oo |aaae Howard syncline, south

e T e

e FF R et

JEPSPUORY PR RS PR PRV VRIS PRSI RN NSRRI ORI RS I @ J0 RPN BRSO BRSOy PR SRS FRSOUON S P

limb.
) R PR A, Deadfall syncline, north
limb.

Kukpowruk  syncline,
south limb.

F2l oo Tupikchak syncline,

north limb.
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thia chandlerensis Tappan, which is not certainly
known from the upper part of the formation. In re-
gard to this section, H. R. Bergquist states:

In a suite of 14 samples of shale of the lower part of the
Torok formation from the south flank of the Driftwood anti-
cline, there occurred a meager microfauna consisting mostly of
very small flattened specimens of Haeplophragmoides topagoru-
kensis Tappan and fragmentary tests of Bathysiphon brosgei
Tappan. Specimens of H. topagorukensis were common to
abundant in 9 samples. Flattened and distorted specimens of
Ammodiscus rotalaria (Loeblich and Tappan) were found in sev-
eral samples but were common to abundant in only 2 samples.
There were scattered occurrences of a few specimens of Sac-
camminag lathrami Tappan and of a few other species, and in
2 samples there were a few specimens of Gavelinella awunen-
sis? Tappan. Broken and twisted specimens of Dorothia
chandlerensis Tappan were found infrequently but were com-
mon in 1 sample. The presence of this species is important
to the identity of the section as it is one of the few fossils
that characterize the lower part of the Torok formation.

The fauna in general is similar to that in lower beds of the
Torok, found elsewhere in northern Alaska; it is small and
typically lacks most of the species that identify the upper part
of the formation. However, it lacks pyritic casts of the radio-
larian Lithocampe? sp., which are prevalent in samples from
type exposures of the lower part of the formation.

Microfossils from the upper part of the Torok for-
mation include Haplophragmoides topagorukensis Tap-
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pan, Bathysiphon brosgei Tappan, Ammodiscus rota-
laria (Loeblich and Tappan) and Saccammina lath-
rami Tappan, all of which are long ranging. A few
specimens of 7'rochammina eilete Tappan and T'ritaxia
manitobensis Wickenden are also present, according to
H. R. Bergquist.

The most intensively sampled sections of the Torok
formation in the Utukok-Corwin region are in the
north flank of the Archimedes Ridge anticline on the
Kokolik River (table 6). Although the sections lie
from about 4,200 to 6,300 feet below the top of the
formation, the samples contain a fauna resembling
that in the upper part of the formation found else-
where in the region, and they lack Dorothia chandle-
rensis Tappan known from the lower part of the
Torok. The following remarks about the above sec-
tions were made by H. R. Bergquist:

Only a meager microfauna was found in samples collected
by Whittington in the Archimedes Ridge anticline. Of the 155
samples examined, 94 were barren. The fossils are very poorly
preserved, dark- or grayish-brown Foraminifera. Many of the
specimens are small, flattened, or crushed, and distorted.
About 20 species of Foraminifera were identifled from the 61
fossiliferous samples; however, 8 species were represented by

only 1 specimen each and 6 species by less than 4 specimens
each. Specimens of Haplophragmoides topagorukensis Tappan

TABLE 6.—Known occurrences of Foraminifera in the Torok formation on the north limb of Archimedes ridge anticline, Kokolik River

[Fossils identified by H. R. Bergquist. Abundance of fossils as indicated by number of specimens per sample; F, 1-6; R, 7-12; C, 13-25; A, more than 25.
Samples collected by C. L. Whittington, in 1952]
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TABLE 6.—Known occurrences of Foraminifera in the Torok formalion on the north limb of Archimedes ridge anticline, Kokolik
River—Continued
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and Bathysiphon brosgei Tappan make up by far most of the
Foraminifera found. Specimens of H. topagorukensis occurred
in 44 samples and were common in 2 of them. Specimens of
Ammodiscus rotalaria (Loeblich and Tappan) were found in
16 samples, ranging from 1 to 7 specimens in a sample. Speci-
mens of Textularia topagorukensis Tappan occur rarely (1 to
3 specimens) in 4 samples, and a few fragments of Ammo-
baculites fragmentarius Cushman were found in 3 samples.
The more common species in this collection, however, offer
little clue to the identity of the fauna, as all three are found
throughout the Early Cretaceous sedimentary rocks of north-
ern Alaska. The few specimens of Textularia topagorukensis,
the fragmentary specimens of Ammobaculites fragmentarius,
and very rare specimens of Eurycheilostoma robinsonae Tap-
pan and Gavelinelli stictata (Tappan) suggest a fauna from

the lower part of the Verneuilinoides borealis faunal zone
(Albian) of the Cretaceous of northern Alaska. Two other
calcareous specimens, identified as Marginuline planiuscula
(Reuss) and Globulina prisca Reuss, are also species known
only from the Verneuilinoides borealis zone. Thus, I would
consider the fauna to be part of that zone, even though it is
limited and lacks V. borealis and some of the other character-
istic species.

LOWER AND UPPER CRETACEOUS SERIES—
NANUSHUK GROUP

The Nanushuk group, named after the Nanshuk
River in south-central part of northern Alaska, is de-
fined as a sequence of marine and nonmarine rocks
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that directly overlies the Torok formation and under-
lies the Colville group (Grye, Patton, and Payne,
1951). The Nanushuk group includes rocks of in-
shore, offshore, coastal, and inland facies which ex-
hibit intertonguing both in their outcrop belts, which
have been recognized throughout most of the northern
foothills and in the subsurface (Payne and others,
1951). The Nanushuk group can be traced as a gross
unit from the Colville Valley region into the Utukok-
Corwin region, where it is similarly defined to in-
clude the rock sequence overlying the Torok formation
and underlying rocks mapped as the Prince Creek
formation of the Colville group (Sable, 1956). In
the central and eastern areas of northern Alaska, how-
ever, a more detailed division of the Nanushuk group
has been made (Detterman, 1956) than can be applied
to rocks in the Utukok-Corwin region. In this region,
the Nanushuk group is much thicker than in the cen-
tral and eastern areas; but, although some facies simi-
lar to the rocks in those areas have been recognized, it
has been possible to distinguish and map only two
major units, a lower marine and an upper nonmarine
sequence, the Kukpowruk and Corwin formations
(Sable, 1956).
KUKPOWRUK FORMATION
DISTRIBUTION AND OCCURRENCE

The resistant rocks of the Kukpowruk formation
form the high mesas and cuestas that are characteris-
tic of the northern foothills section and which rise
abruptly from the lowlands underlain by the Torok
formation to 2,000 feet in the southern part and to 700
feet in the northern part of the northern foothills.
About 75 percent of the 5,300 square miles included in
the northern foothills section contains exposures of or
is underlain by the Kukpowruk formation. The for-
mation or its equivalent is also believed to be present
nearly everywhere in the subsurface of the Arctic
coastal plain, but the only known exposures in that
province, and the most northerly in the entire region,
are in the axial zone of Snowbank anticline, along the
Kukpowruk River.

The southernmost exposures of the Kukpowruk for-
mation lie along a roughly east-northeastward-trend-
ing line north of lat 68°45"' N., and include, from east
to west, the isolated mesas of Meat Mountain, Poko
Mountain, Igloo Mountain, and Dugout synclines. The
formation is also believed to be present in the coastal
bluffs in the vicinity of Eesook, west of Corwin Bluff.
(See p. 71.) The northernmost exposures in the
northern foothills lie along a roughly eastward-trend-
ing line, west of the Utukok River at lat 69°28' N.,
near the Kokolik River at lat 69°22" N., and along
the Kukpowruk River at lat 69°16' N. On the Arctic
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coast, rocks of the Kukpowruk formation are believed
to be exposed only as far north as Punak Creek at lat
68°57' N., although they probably occur within 2 miles
of the coast near Kahgeatak Creek, north of Cape
Beaufort.

High ridges, formed by resistant clastic rocks of the
Kukpowruk formation, can be traced for many miles
along the limbs of synclines in the northern foothills
section (fig. 16). The slopes of the ridges rise from
the lowlands underlain by the Torok formation at
angles estimated to be from 15° to 25° and are bro-
ken by numerous closely spaced rubble traces and bed-
rock ledges of hard sandstone and siltstone (fig. 15).
These beds constitute a thick resistant unit which is
persistent thronghout the outcrop area and upholds the
prominent mesas and cunestas. The upper part of the
Kukpowruk formation, having fewer resistant beds,
weathers to topography of lower relief. Individual
traces and ledge-forming outcrops are common, how-
ever, and many can be traced for long distances. In-
tervals of rock between ledges or traces of resistant
strata are covered by vegetation or frost heavings of
less resistant strata, such as shale and thin-bedded silt-
stone, bedrock exposures of which are rare and con-
fined almost entirely to cutbanks. Weathered outcrops
of the formation have a yellowish-brown to dark-
brownish appearance as contrasted with the yellow
and orange hues of the Corwin formation. On aerial
photographs, traces of resistant rock appear as light-
colored straight or evenly curving lines alternating
with darker tundra-covered bands, which produce a
striking banded effect. In foothills anticlines and syn-
clines, the banding resembles a concentric series of
elliptical or circular racetracks (fig. 16).

Most. areas in which the Kukpowruk formation
crops out are well drained because of their relatively
high topographic position. The cuesta tops provide
the best overland travel routes, especially to the east
and west; and, like hills of the Fortress Mountain
formation, afford good observation points overlooking
large areas of tundra-covered lowlands.

CHARACTER

Rocks of the Kukpowruk formation represent mostly
marine inshore facies, possibly some offshore facies,
and include sequences transitional to nonmarine coastal
facies in the uppermost part. Silty shale, siltstone,
and sandstone are the predominant rocks of the for-
mation; clay shale and claystone, conglomeratic sand-
stone, conglomerate, and carbonaceous shale occur in
subordinate quantities. The rocks vary in abundance
both laterally and vertically, and in general interbed-
ded shale, claystone, and thin siltstone beds constitnte
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Partly covered. Siltstone and silty shale, medium-
dark-gray, platy tonodular____________________
Snow covered___ - ___ . ___________
Sandstone, medium-light-gray to pale-yellowish-
brown, very fine to medium-grained, slightly
calcareous to noncalcareous, very resistant; lower
third of unit massive to platy; middle third
flaggy with shaly layers and carbonaceous part-
ings; upper third massive to flaggy and coarser
grained. Sample 49AS2a108; porosity 6.2 percent,
permeability 5 millidareys_____________________
Siltstone and silty shale interbedded, medium-
dark-gray, blocky to platy to nodular; with
abundant plant fragments____________________
Sandstone, light-gray, fine-grained, nonecalcareous;
contains few carbonaceous fragments and poorly
defined pelecypod molds______________________
Covered. Few traces in hillside. Poorly resistant
unit, probably interbedded siltstone and shale._ . _
Covered along river, resistant trace along hillside
probably sandstone or siltstone. Thickness
estimated__________________________________.
Covered. Poorly resistant unit, probably siltstone
andshale___________________________________
Mostly talus covered. Includes in descending order:
light-olive-gray to medium-gray platy siltstone
with 4- to 4-in. partings; carbonaceous cross-
bedded ripple-marked siltstone; light-olive- to
light-gray hard platy to massive siltstone; inter-
bedded siltstone, silty shale, and clay shale______
Covered______ . _________ . __________
Silty shale, olive-gray, fissile to blocky_._.__________
Siltstone and silty shale interbedded___ . __________
Siltstone, light-olive- to olive-gray, blocky to
nodular, gnarled, lenticular____________________
Siltstone and silty shale; interbedded; similar to
units 35 and 37___________________. I
Siltstone; as in unit 39, but massive______________
Siltstone and some clay shale; siltstone light olive
gray to olive gray, fissile to blocky, with some
thin nodular beds, gnarled appearing, irregular
and lenticular.______________________________
Siltstone, light- to light-olive-gray, sandy in part,
slightly calcareous, hard; platy to massive irreg-
ular beds and lenses 2 to 14 in. thick; iron stained

Siltstone, light-olive-gray, shaly, noncalcareous,
poorly consolidated; contains carbonaceous frag-
ments. __ o _______

Covered.._______ o ________

Fault. Displacement probably small____________

Sandstone and sandy siltstone, light-gray, slightly
to moderately calcareous, well indurated; platy
to massive beds 1 to 6 ft thick; contains a few
ironstone nodules and clay pellets, very little
carbonaceous material, lenticular, with low to
moderate porosity. Sample 49ACh112; porosity
11.2 percent, permeability 5 millidareys________

Partly covered; mostly fissile silty shale, with some
nodular iron-stained claystone, and hard siltstone
beds 2 to 8 in. thick and lenses 3 to 12 in. thick;
several nodular siliceous ironstone layers 2 to 4
in. thick near top of unit. Sample 49AChI111:
Tritazia manitobensis Wickenden.______________

Thickness
(feet)

7
18

49

13

200

30

160

265
92
12

3-5

25

50
™

30

110

X Thickness
48. Siltstone, light-olive-gray, sandy, thin-bedded, (feet)

hard, slightly ecalcareous, micaceous, contains

minute crossbedding with carbonaceous laminae;

some interbeds of silty shale. Grades down-

wards into unit below____ ____________________ 22
49. Sandstone, light- to yellowish-gray, very fine

grained, massive, hard, slightly calcareous; con-

tains carbonaceous fragments and laminae, iron-

stained patches, and crosshedding_ - _______.____ 2-3
50. Covered by frost heavings of silty shale and clay

shale____ L ____ 15
51. Sandstone; similar to unit 49__ _________________ 4
52. Covered; probably shale.._____.___________._____ 10
53. Siltstone, light-olive-gray, massive, well-indurated,

highly calcareous, somewhat iron-stained_______ 4

54. Mostly covered; talus of light-olive-gray to dark-
gray thin-bedded siltstone, dark-gray silty shale
and clay shale, and some medium-gray sandy
siltstone containing coaly fragments________.__ 50
55. Sandstone, light-gray, very fine grained to silty,
massive, hard, micaceous, lenticular, slightly
calcareous; with abundant carbonaceous layers_.  3-4
56. Covered; probably siltstone_.___________________ 10
57. Siltstone, light-olive-gray, moderately hard, irregu-
larly bedded; with carbonaceous and micaceous

laminae. - - - e 15
58. Siltstone; as in unit above._ .. _________.______ 4
59. Covered; probably shale________________________ 20
60. Sandstone asinunit 55___ . _______________ 2-4

61. Siltstone, silty shale, and clay shale; interbedded;
siltstone as in unit 57, in irregular beds 1 to 12 in.
thick; shale units 4 to 12 in thick_________.____ 16
62. Covered; float of siltstone, silty shale, and clay
shale. Poorly preserved pelecypods. Sample
49ACh108f: Arctica sp., Panope sp., Solecurtus

n. sp., Tancredia n. Sp_ - - . ____________.__ 90
63. Mostly covered. Few resistant traces of sandstone
and siltstone___ __ . __ ... 1, 100
Total thickness_ _ - __ . ________ 2, 865 &+

Covered. Inferred contact with Torok formation.

Although the upper part of the type section is well
exposed, a largely covered and poorly exposed interval
of rock occurs in the middle part of the section. On the
south limb of Barabara syncline, 11 miles north of the
type section, rocks of the middle and upper parts of the
Kukpowruk formation are well exposed along the Kuk-
powruk River at lat 68°24” to 68°25’ N. This section,
measured by E. G. Sable in July 1949, is described
below and shown on plate 10.

Base of Corwin formation.
Kukpowruk formation (2,567 + ft):
Thickness

1. Siltstone and very fine grained sandstone inter- (feet)
bedded; massive to flaggy, moderately calcareous_ 6
2. Shale and siltstone interbedded; siltstone pre-
dominant, contains mud lumps and worm trails;
some carbonaceous shale_ . ___________________ 67
3. Sandstone, medium-light-gray, very fine grained,
moderately calcareous; contains coaly wood
fragments_ __ . - 22
4. Sandstone and siltstone interbedded________.____ 16
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5. Poorly exposed. Siltstone, silty shale, and clay
shale interbedded; siltstone beds 2 to 3 ft thick
in lower 60 ft, shale dominant in upper 60 ft.___

6. Sandstone, conglomeratic, gray with yellowish dis-
coloration, fine-grained, friable, noncalcareous;
contains scattered chert and ironstone pebbles.
Sample 49ASa139; porosity 11.3 percent, im-
permeable__________________________________

7. Mostly covered. Siltstone and silty shale in lower
third of unit; shale and siltstone float in upper

Note: The above 383 ft are considered transitional
between marine and nonmarine rocks of the Kuk-
powruk and Corwin formations and are here in-
cluded in the Kukpowruk formation.

8. Silty sandstone, blocky to platy; oscillation ripple
marks trend N, 60° E_______________________
9. Siltstone, silty shale, and clay shale interbedded,
medium-dark-gray to dark-yellowish-brown; silt-
stone weathers dark yellowish orange__________
10. Silty shale, clay shale, and claystone, light-olive-
gray, weathers dusky yellow, highly calcareous,
fissile to blocky._ - ________________________

11. Sandstone and silty shale; sandstone dominant,

very fine grained, hard, and laminated; beds as
much as 20 ft thick, contains wood fragments
and mud lumps on bedding planes. Resistant

12. Siltstone and sandstone interbedded; contains
poorly preserved single shells of pelecypods asso-
ciated with worm trails and mud lumps__._____

13. Clay shale and claystone___.____________________

14. Sandstone and sandy siltstone, with thin interbeds
of silty shale; sandstone medium gray with yel-
lowish discoloration, constitutes upper 50 ft of

15. Poorly exposed. Silty shale and clay shale in lower
100 ft; interbedded sandy siltstone and shale in
upper part; minor amounts of carbonaceous

16. Sandstone and siltstone, medium-gray, platy to
blocky, slightly calcareous, slightly friable;
contains scattered ironstone pebbles_ . _________

17. Siltstone and shale interbedded; clay shale pre-
dominant_ .. _____________________________._

18. Sandstone, medium-gray, fine-grained, blocky,
moderately friable; contains poorly preserved
pelecypod impressions of single and opened shells_

19. Siltstone, clay shale, and silty shale interbedded;
shale dominant in lower 20 ft

20. Silty sandstone, medium-gray; contains pelecypod
shell impressions and shells, with mud markings
and clay pellets. Sample 49ASa138f: Tancredia
stelcki McLearn, Arctica sp., Entoliumsp_ _._____

21. Siltstone, silty shale, clay shale, and claystone;
interbedded; siltstone in 1- to 2-ft beds, contains
oscillation ripple marks and fine crossbedding;
shale and claystone 70 percent of unit, nodular
to fissile. Sample 49A8a137 (includes unit 23):
Milliamina manitobensis Wickenden, Gaudryina?

22. Covered by shale and siltstone talus_______________

Thickness

(feet)

120

41

110

12

170

51

66
10

150

230

57

89

26

81
64

23. Siltstone, very fine grained sandstone, and silty Th&g‘;‘f“
shale interbedded; sandstone has yellowish dis-

coloration, contains clay pellets, moderately
friable, occurs in 5- to 20-foot layers.._.______.___ 40
24. Covered. Some siltstone and silty shale. .________ 78

25. Sandstone; medium-dark-gray, fine-grained, non-
calcareous, salt-and-pepper type, uniform tex-
ture; contains scattered clay pellets and ironstone

nodules. Sample 49ASal36, porosity, 9.43 per-

eent, impermeable___________________________ 60~65
26. Covered. . ... 10
27. Sandy siltstone; contains carbonaceous partings,

clay pellets_ _ __ ... 16
28, Covered._____ - __.___. 30+
29. Poorly exposed. Siltstone andsilty shale___________ 12
30. Covered______ . __.___ 30

31. Sandstone, medium-gray, fine-grained, moderately
friable, contains coaly wood fragments near base.

Sample 49A8a135___________________________ 25-30
32. Heavings of sandstone and clayshale______________ 130
33. Sandstone, as in unit 31 but darker gray and hard_ _ 4
34. Heavings of clay shale and silty shale._.___________ 43
35. Siltstone_ _______ o _____. 4
36. Covered. _____ ... 55
37. Siltstone and sandstone interbedded.-_._____._____ 10+
38. Heavings of clay shale and silty shale______________ 31
39. Sandstone, as inunit 31________________________ 3
40. Heavings of siltstone and shale__________________ 56
41. Sandstone, moderate-yellowish-brown, fine-grained,
platy, noncalecareous__ . _ ____________.___.______ 15
Covered to anticline axis_ __ .. ______.__________._ 500 +
Total thickness_____ .. __________.___ 2, 567 +

Bottom of formation not exposed.

STRATIGRAPHIC RELATIONS

The contact between the Kukpowruk formation and
the underlying Torok formation is gradational and
intertonguing. It is mapped at the base of the lowest
laterally persistent sandstone traces assigned to the
Kukpowruk formation or at the break in slope which
denotes the presence of resistant units of the Kuk-
powruk. Where the contact between the Kukpowruk
and the overlying Corwin formation is exposed, it is
also gradational and intertonguing. (See p. 94.)

Within the Kukpowruk formation, bed relations are
in most places conformable, but evidence of at least
local discordance has been observed. Within single
outcrops, contacts between some units are angular and
show evidence of erosional unconformity. In a south-
facing cutbank of the Kukpowruk River at lat 69°02'
N., several discordant contacts ocecur between sand-
stone beds in the basal part of the formation, and dips
above and below the contacts differ by as much as 30°.
At one contact, V-shaped fractures 114 feet deep are
present in the underlying sandstone and have been
filled by deposition of the overlying bed. In another
exposure along the west bank of the Kukpowruk River
at lat 69°14'30” N, underlying beds of olive-gray clay-
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traced. The localities where facies changes have been
observed are shown by the steplike nature of the con-
tact as mapped on plate 8.

Quantitative studies of the amount of section af-
fected by facies changes in the Utukok-Corwin region
have been made from aerial photographs in conjunc-
tion with field data. This region is unique in that it
is the only large region known in northern Alaska
where rocks in the basal part of the Nanushuk group
are well enough exposed to permit this type of study.
The conclusions drawn from the study are that basal
parts of the Kukpowruk formation are equivalent to
successively younger sequences of the Torok formation
to the north and east, and that, cumulatively, several
thousand feet of sandy section of the Nanushuk group
grades to shale in those directions.

The methods used in these studies included tracing
on vertical aerial photographs a resistant sandstone
unit around the limbs of a large simple structural
feature, measuring the stratigraphic interval between
the unit and the mapped contact of the Kukpowruk
and Torok formations at selected localities, thereby
determining the relative stratigraphic positions of the
contact along the limbs in different parts of the area.
Measurements on photographs were made whenever
possible in localities of good field control. If field in-
formation was lacking, dips and section thicknesses
were computed by photogrammetric methods, includ-
ing the solution of three-point problems by the paral-
lax method and estimating with a visual-aid device.
The limit of error of these studies is believed to be
within 15 percent.

In order to determine the amount of section affected
by facies change in an easterly direction, a bed in the
Kukpowruk formation was chosen at a point near the
east end of a syncline; the stratigraphic interval be-
tween it and the contact was determined, and the bed
was then traced westward several miles along a flank
of the syncline to a point at the same latitude, where
the interval between the bed and the contact was again
measured. In this way the relative stratigraphic posi-
tions of the contact at the two points were determined.
These were plotted graphically against the lateral dis-
tance between the two points, resulting in a line that
shows the average rate and direction of rise of the
contact over the distance. Similar measurements were
made where possible on synclines in the northern foot-
hills and resulted in 19 individual lines which slope
upward from west to east at gradients ranging from
less than 1 foot per mile to 190 feet per mile. Loca-
tions of the gradient lines are shown on figure 20.

Where several individual lines lie along the same
general latitude, they have been connected and plotted

as sets of lines. These sets of lines show gradients
sloping upward from west to east at 22 to 84 feet per
mile, and they establish an average eastward-rising
gradient of the Torok-Nanushuk contact of 58 feet per
mile in the northern foothills. The graphic results of
these studies are shown in figure 214.

Similar studies along northward-trending lines es-
tablished individual gradient lines sloping upward
from south to north at rates ranging from less than
1 foot per mile to 350 feet per mile, and sets of gra-
dient lines at 40 to 155 feet per mile, with an average
gradient in the northern foothills of 97 feet per mile.
These results are shown in figure 215, and the geo-
graphic positions of the northward-trending lines are
shown in figure 20.

The gradient lines and sets of lines represent the
eastward and northward rates of rise of the base of
the Kukpowruk formation in most of the northern
foothills of this region. They also give some idea of
the amount of section involved in terms of feet. Al-
though the average gradients are about 1° or less, they
indicate the “shaling” of nearly 4,000 feet of the lower
part of the Nanushuk group in a northerly direction
and nearly 5,000 feet in an easterly direction. If the
north and east average gradients are plotted as vector
quantities, the resultant or maximum gradient is 110
feet per mile at N. 30° E., as shown in figure 21C.
This indicates that more than 10,000 feet of the lower
part of the Nanushuk group grades into shaly rocks
of the Torok formation from Coke basin in the extreme
southwestern part of the region to Carbon Creek anti-
cline in the extreme northeastern part.

Because the maximum gradient shows the direction
of maximum facies change, the gradient lies at right
angles to the direction of minimum facies change,
which may be interpreted to have been the strike of
belts of similar facies during deposition of the sedi-
ments. Thus the depositional strike or general shore-
line direction for sediments of at least the upper part
of the Torok formation and lower part of the Nanu-
shuk group would have been N. 60° W. This is in
accord with the interpretation by Payne (1951) who
states that “The lithologic facies pattern of the Nanu-
shuk and Colville groups indicates . . . west and north-
west strike of belts of similar facies. ...”

Although the resultant total footages shown from
these studies may seem excessive, they represent the
total amount of the section of the Nanushuk group
which is lost by facies change. The footages do not
represent the total of the section of the Torok forma-
tion which is equivalent to the Nanushuk group. Domi-
nantly shale sections might be expected to be consider-
ably thinner than their sandy equivalents, but the
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FIGURE 20.—Map showing location of gradient lines used in facies study of the contact between the Nanushuk group and Torok formation, Utukok-Corwin region.

numerical equivalence between the two facies in this
region is not known.

Conclusions drawn from the facies studies are fur-
ther borne out by thickness comparisons and direct
correlations between sections of the Kukpowruk forma-
tion throughout the region as shown on plates 11-16
and discussed on page 97.

THICKNESS AND COBRELATION

The Kukpowruk formation is the only stratigraphic
unit on which total thickness measurements can be
made throughout most of the Utukok-Corwin region.
The measurements, however, are complicated by the
scarcity of good exposures and by gradational contact
zones including as much as several hundred feet that
occur in the basal and uppermost parts of the forma-
tion. These gradations between the Torok, Kukpow-
ruk, and Corwin formations make the placing of con-
tacts between these formations largely arbitrary. The
lower contact of the Kukpowruk formation is placed
at the base of the lowest thick relatively persistent
sandstone bed, or set of beds, which is visible above

the lowlands underlain by the Torok formation; or if
these resistant units are not exposed, then it is placed
at the bottom of the break in slope above the lowland
areas which indicate the presence of the resistant units.
The upper contact of the Kukpowruk formation is
placed approximately where nonmarine rocks become
dominant in the section and in many places is arbi-
trarily placed at the base of a thick sandstone or con-
glomerate unit in the transitional zone. Transitional
zones are not shown on the map of the region (pl 8)
but are delineated in the columnar sections (pls. 11-16).
These sections show thicknesses of the Nanushuk group
computed from data from the large synclines in the
area, as well as the position of mapped contacts, the
local thickness variations, and the overall northeast-
ward thinning of the formation. In some localities
the position of contacts will vary several hundred feet
depending upon the interpretation used, and this is
considered in the discussion on thickness which follows.
In addition to lithologic correlations, equivalent parts
of the sections were correlated wherever possible by
tracing rock units on aerial photographs. These cor-
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relations show the true relative stratigraphic relations
of the sections, and to some degree, thickness varia-
tions between the sections.

Table 7 shows the thicknesses of the Kukpowruk
formation computed from synclines along the Utukok,
Kokolik, and Kukpowruk Rivers. The table includes
thicknesses of the formation as mapped on plate 8,
and the possible maximum and minimum thicknesses
if addition or subtraction of sections in transitional
zones are considered. Thickness data that are given
result from field studies in the region but should not
be construed as precise figures. Although computa-
tions were carefully made, errors in planimetry and
the presence of many large exposureless intervals of
rock have affected results, so that computed thick-
nesses may be in error by as much as several hundred
feet in any thick section. The computations of over-
all thickness are believed to be accurate within 10 per-
cent.

Thicknesses of the Kukpowruk formation not shown
in table 7 include an estimated total thickness of 4,000
to 5,000 feet in Pitmegea syncline, and an estimated
partial thickness of 1,300 feet in Igloo Mountain syn-
cline. Measured partial thicknesses include 1,700 feet
in Poko Mountain syncline, 2,300 feet in Meat Moun-
tain syncline, and 900 to 1,000 feet in Foggy syncline.

The Kukpowruk formation varies considerably in
its thickness throughout the region, as shown on the
columnar sections (pls. 11-16). Although the thick-
ness variations are locally irregular, they show a pro-
nounced northeastward thinning of the formation from
more than 5,000 feet to about 2,000 feet. This thin-
ning is believed to be due to the facies change of

sandy sections to shale in basal parts of the formation

RESERVE NO. 4, ALASKA, 194453

(p. 91-94). From this evidence, it might be ex-
pected that the formation is represented by a predomi-
nantly shale section in the coastal plain north of the
Utukok River, and such appears to be the case in
Kaolak test well 1, 37 miles northeast of Carbon Creek
anticline (Collins, 1958). Here the Kukpowruk for-
mation is virtually indistinguishable as a lithologic
unit, and although several sandstone units as thick as
25 feet occur below the coaly sequence in the interval
from 4,600 to 6,750 feet in the well, the section is about
90 percent shale.

It only thicknesses delimited by mapped contacts
are considered (table 7), rapid and erratic variations
of thickness are apparent in many parts of the region.
If maximum limits of thicknesses are compared, how-
ever, the variations are greatly reduced although some
anomalous changes still exist. These thickness varia-
tions may be due to erosional and tectonic breaks in
the sequence or may be caused by depositional condi-
tions affected by preexisting structural features or
sudden changes in the strand line.

The greatest local variations of thicknesses in the
Kukpowruk formation oceur in the southern part of
the region, south of Blizzard anticline. Northward
thinning is especially marked in Tupikchak syncline
and Tupikchak basin. Even when possible maximum
and minimum thicknesses are compared, the Kukpow-
ruk formation exhibits northward thinning of more
than 900 feet in these synclines over distances of a
few miles. Between Tupikchak basin and Flintchip
syncline, however, the formation thickens northward
more than 1,300 feet in a few miles. A northward
thickening of at least 400 feet and possibly as much as
1,500 feet in 10 miles also occurs in Coke basin. At

TABLE 7.—Measured thicknesses of the Kukpowruk formation showing possible mazimum and minimum limits where exposed in synclines
along magjor rivers

Kukpowruk River Kokolik River Utukok River
Max. | Min. Max. | Min. Max. | Min.
. Mapped | pos- | pos- Mapped [ pos- | pos- . Mapped | pos- pos-
Structural Limb thick- sible sible Structural Limb | thick- sible | sible Structural Limb | thick- sible sible
feature ness thick- | thick- feature ness thick- | thick- feature ness thick- | thick-
(feet) ness ness (feet) ness ness (feet) ness ness
(feet) | (feet) (feet) | (feet) (feet) | (feet)
Coke basin_______ South [ 14,509 6,370 | 3,467 || Tupikchak basin_| South | 12,749 | 4,420 | 2,749 || Meat ll\idnou.ntaln South 2, 28841 afeee
syncline.
Do, North 15993 7,548 | 4,127 Do North 11,750 | 3,020 | 1,750
Tullflchak syn- South | 14,824 6,031 | 4,126 || Flintchip basin__| South | 13,781 | 4,693 | 3,113 Fli?ig:hip syn- South | 11,923| ... ._._.__
cline. cline.
Do........_._.{ North 13,700 5,030 { 3,210 Do ... North 13,4311 4,131 3,012
Kukpowruk South 14,382 5,190 | 4,160 Kokolik Warp South 13,461 4,051 | 3,036 || Kokolik Warp South 1, 820 2,250 |oceeeon
syncline. syncline. syncline.
) 0. -t North | 14,208 | 4,708 | 4,038
Deadfall syncline.| West 13,478+ 3,478+ 3,367 Deadfall syn- East 12,756 | 3,266 | 2,596 Folsonll. Point South | 12,129 2,431 |aeooan
. cline. syncline.
Howard syncline_| South 12,865+ (?)| 2, 865+ 2, 6754 || Howard syncline.| South 12,380 | 2,812 | 1,952 Lookm;t Ridge South | 11,994 2,084 |........
syncline.
DO North 1,479+ 1,848+ 971+ 0 eeeem North 12,074 | 2,652 1,970
Oxbow syncline__| South 11,844 | 2,363 | 1,782 || Oxbow syncline._| North | 12,040 2,620 |- coon--
Barabara syn- South 2, 567+ 2,783+ 2,185+ Elusive Creek South | 12,001 2, 280 987
cline. syncline.

1 Total thickness.
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least local angular relations between rock units of the
Kukpowruk formation have been observed in the south
limbs of both Coke basin and Flintchip syneline
(p. 91) and one or more erosional breaks may be
responsible for the anomalous northward thickening
in these localities. The amount of eastward thinning
of the Kukpowruk formation south of Blizzard anti-
cline is at least 1,300 feet and more likely as much as
3,000 feet in 45 miles.

Farther north, in the group of synclinal structures
between Blizzard anticline and Archimedes Ridge anti-
cline, the formation thins at least 800 feet northward
between the Kukpowruk and Deadfall synclines on the
Kukpowruk River and at least 800 feet between the
Kokolik Warp and Deadfall synclines on the Kokolik
River. The eastward thinning of the formation be-
tween the Blizzard and Archimedes Ridge anticlines
is about 1,300 feet in 55 miles.

North of Archimedes Ridge anticline the formation
thins eastward about 800 feet in 60 miles, but north-
ward changes in thickness between the maximum limits
shown in table 7 appear to be relatively small. The
thickness of the Kukpowruk formation in the Elusive
Creek syncline as mapped is about 2,000 feet but mght
be interpreted to be as little as 987 feet. The lower
1,014 feet of the formation is predominantly shale
with a few resistant sandstone units at the base and
could be mapped in the Torok formation on a litho-
logic basis. This lower section is overlain by 987 feet
of sandstone and shale typical of the Kukpowruk
formation. The high percentage of shale in the lower
section is due to a northward facies change from an
equivalent but more sandy section in the lower part
of the Kukpowruk formation exposed 4 miles south
on the north limb of Lookout Ridge syncline.

Correlations, made by tracing rock units on aerial
photographs, indicate that the base of the Kukpowruk
formation rises northward and eastward relative to
given datum horizons. The rates of rise compare gen-
erally with the results obtained from the facies change
studies discussed on pages 91-94. The correlations
northward along the major rivers are shown on plates
11, 12, and 13, and the correlations eastward within
3 structural belts are shown on plates 14-16. The cor-
relations are limited in scope, as beds can seldom be
traced between structural features because of inter-
vening exposureless areas underlain by the Torok
formation or because of complexly folded anticlines.
Consequently, correlations along each river are not
continuous, and eastward correlations are possible only
under the most favorable structural conditions. The
correlated sections along the Kukpowruk River (pl. 11)
indicate that the base of the Kukpowruk formation

rises northward at the rate of at least 3,500 feet in
40 miles relative to its datum, the base of the forma-
tion on the south limb of Coke basin. On the Kokolik
River (pl. 12) the base of the formation rises north-
ward more than 3,800 feet in 37 miles, relative to the
base of the formation on the south limb of Tupikchak
basin. It was possible to make only local correlations
along the Utukok River (pl. 13). The rise of the base
of the formation from a section in the Kokolik Warp
syncline to one in the Folsom Point syncline, 5 miles
to the northeast, appears to be relatively small and
totals about 300 feet. Likewise, its rise between sec-
tions in the Lookout Ridge and Oxbow synclines
amounts to about 200 feet in a northwest distance of
12 miles.

Eastward correlations of sections by direct tracing
of beds were made along the Tupikchak-Flintchip
syncline belt (pl. 14), the Kokolik Warp-Folsom Point
syncline belt (pl. 15), and along the south limb of the
Kasegaluk and Howard synclines (pl. 16). In the
Tupikchak-Flintchip belt, the apparent rise of the base
of the formation is more than 6,000 feet in 43 miles.
In the Kokolik Warp-Folsom Point or more northerly
belt, the rise is at least 1,800 feet in 26 miles; and in
the northernmost Kasegaluk and Howard synclines,
it is more than 2,300 feet in 54 miles.

As previously discussed, the Kukpowruk formation
thins northeastward. The rate of northeastward thin-
ning, however, is considerably less than the rate of
rise of the base of the formation as determined from
the studies of facies change. The formation is there-
fore believed to rise northeastward relative to its
stratigraphic position in the southwestern part of the
region, and therefore, to cross depositional time lines.
From this evidence, and assuming that deposition of
the upper part of the Torok formation and the Nanu-
shuk group was essentially continuous, at least the
lower part of the formation is therefore equivalent in
a time sense to part of the Torok formation, and at
least the upper part is equivalent to part of the Cor-
win formation. In the correlated columnar sections
of the Kasegaluk and Howard synclines (pl. 16), it is
clearly shown that the lower part of the Corwin for-
mation on the Kukpowruk River is equivalent to part
of the Kukpowruk formation on the Utukok River.
If significant erosional unconformities exist within the
Nanushuk group throughout the region, however, this
interpretation would be invalid. No unconformable
relations have been recognized in northern parts of the
region, such as in Howard syncline, and most of the
evidence favors the interpretation made above.

As a lithologic unit, the Kukpowruk formation is
similar to the Grandstand formation of the Chandler
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River and adjoining areas of northern Alaska (Bickel,
oral communication, 1952). It differs from the Tuktu
formation of those areas in the generally cleaner char-
acter of the sandstones, the absence of dominantly
greenish sandstones and siltstones, and the less abun-
dant marine fauna.

FOSSILS AND AGE

The most abundant fossils in the Kukpowruk for-
mation are pelecypods, with fewer gastropods, worm
tubes, and trails. Brittle stars, starfish, and ammonites
are relatively rare. Fossils are most common in sand-
stone and siltstone and are rare in shale beds. Most of
the pelecypods are scattered or sparsely distributed in
layers as molds or casts in sandstone beds, although
shell material is also present. Closed and open shells,
single valves, and fragmental remains are common. In
shale samples the mollusks are nearly unaltered, and
the chitinous outer shell layer is still preserved. Star-
fish are preserved as obscure impressions on the sur-
faces of sandstone beds, and some are associated with
pelecypods.

Megafossils collected in 1947, 1949, and 1950 were
identified by Ralph W. Imlay. Collections made by
W. T. Foran in 1923, W. R. Smith in 1925, and P. S.
Smith in 1926, previously identified by J. B. Reeside,
Jr., were reexamined by Imlay, whose identifications
are shown in table 8. Fifteen genera and questioned
genera are present in 47 samples from the Kukpowruk
formation.

The most abundant pelecypods include Aretica (in
22 samples), Tancredia (21 samples), Entolium (14
samples), and Panope? (14 samples), all of which
range through most or all the Kukpowruk formation.
Awrctica sp. and Panope? kissoumi (McLearn) (7 sam-
ples) range downward into the upper part of the
Torok formation. Tancredia stelcki McLearn (6 sam-
ples), Tancredia n. sp. (8 samples), and Entolivm n.
sp. (11 samples), have been found only in the Kuk-
powruk formation. ILess abundant faunas include
Camptonectes n. sp. (5 samples) from the Kukpowruk
formation, Flaventia? n. sp. (3 samples) from the
Torok and Kukpowruk formations, and brittle stars
and starfish (5 samples) in the Kukpowruk formation.
The genus Oxzytoma (5 samples) is present in the
Kukpowruk formation; and two species, O. cf. O.
pinania McLearn and O. camselli McLearn, ave repre-
sented by single samples in the lower part of the
formation. The genus 7Thracia (8 samples) from the
Kukpowruk formation includes 7. stelcki McLearn
and 7. cf. 7. stelcki McLearn, both from the upper
part of the formation. Forms represented by 1 or 2
samples each include /noceramus sp. juv. and Pleuro-

mya sp. from the upper part of the Torok formation;
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Ditrupa cornu Imlay (worm), from the Torok and
Kukpowruk formations; Panope elongatissima (Me-
Learn), P. cf. P. McLearn, and Hamulus? sp. from the
Kukpowruk formation; /sognomon? sp. from the Kuk-
powruk; Kéirklandia? (jellyfish), Solecurtus n. sp., and
echinoid spines, all from the lower part of the Kuk-
powruk formation; and Cultellus? n. sp., “Unio,” and
natacoid gastropods, all from the upper part of the
Kukpowruk.

Knowledge of the geographical distribution of mega-
fossils in the Kukpowruk formation is poor because
of the widely spaced and limited rock exposures. More
samples of fossils were collected in the northern part
of the outcrop area of the formation, generally north
of lat 69°05', and a greater abundance of forms and a
wider variety of individual species are known from
these northern collections. These include ZEntolium
n. sp., found on the Utukok and Kukpowruk Rivers;
Tancredia n. sp., found mostly in the northeastern
part of the area along the Utukok River; Campto-
nectes n. sp., and Thracia stelcki McLearn and Thracia
cf. 7. stelcki McLearn, both from the Kukpowruk
River.

Based on samples collected, the upper part of the
Kukpowruk formation is more fossiliferous than the
lower part along the Kukpowruk River, but most of
the collections from the formation on the Utukok River
are from the lower part of the formation. The collec-
tions along the Kokolik River whose stratigraphic
position are known lie in the middle and lower parts
of the formation.

An ammonite fragment collected by P. S. Smith
(Smith and Mertie, 1980, p. 224), probably from the
Kukpowruk formation in the north limb of Deadfall
syncline on the Kokolik River, was identified by Imlay
as Gastroplites sp. Gastroplites is found in the upper
part of the Torok formation and in the Tuktu and
Grandstand formations in northern Alaska, east of
the Utukok-Corwin region (Imlay, written communi-
cation, 1956). Another ammonite, collected from rocks
in the upper part of the Kukpowruk formation along
the Utukok River, was identified by Imlay as Para-
gastroplites spiekeri McLearn, and it is probably of
middle Albian age.

General correlations of these faunal assemblages
with those from other areas of northern Alaska and
Canada have been made by Imlay (1956, written com-
munication). As a result of these correlations, the
Torok formation and the Kukpowruk formation are
assigned to the Lower Cretaceous series and are not
older than the late Lower Cretaceous (middle and
upper? Albian).

Microfossils in shale samples from the Kukpowruk
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TaBLE 8.—Megafossils collected from the Torok and Kukpowruk formations, Utukok-Corwin area, Alaska
[Fossils identified by R. W. Imlay. A, Kukpowruk River collections; B, Kokolik River collections; C, Utukok River collections]
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! Exaet position not known; Torok or Kukpowruk formations.
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TaBLE 9.—Known occurrences of microfossils on the north limb of Carbon Creek anticline, Utukok River

[Fossils identified by H. R. Bergquist. Abundance of fossils as indicated by number of specimens per sample: F, 1-6; R, 7-12; C, 13-25; A, more than 25. Samples collected
by R. S. Bickel in 1953]
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formation consist of about 30 species of Foraminifera,
a few charophytes, and rare occurrences of ostracodes
and Radiolaria. Fragments of Inoceramus sp., Ditrupa
cornu Imlay, and crinoids are also rare. Samples were
collected from scattered exposures along the Utukok
River (table 3), the Kokolik River (table 4), and the
Kukpowruk River (table 5). The section on the north
flank of the Carbon Creek anticline was sampled more
intensively than the other sections and contained the
most fossiliferous samples and greatest number of

species in the Utukok-Corwin area (table 9). H. R.
Bergquist states:

The fauna of the Kukpowruk formation is a part of the
Verneuilinoides borealis faunal zone, which is present in the
upper part of the Torok formation, the overlying Tuktu and
Grandstand formations, and much of the Topagoruk formation
(in the Colville River region of northern Alaska). Species of
Foraminifera found in the Kukpowruk formation constitute
about half of the total known in the Verneuilinoides borealis
faunal zone. Charophytes were found in a few samples.

Besides Verneuilinoides borealis Tappan, the fauna of the
Kukpowruk formation is characterized by Haplophragmoides
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topagorukensis Tappan, Ammobaculites iwwenonahae Tappan,
Tritazia manitobensis Wickenden, Gaudryina sp., Pallaimor-
phina ruckerae Tappan, Gavelinella stictata (Tappan), Conor-
boides wumiatensis Tappan, Eurycheilostoma grandstandensis
Tappan, Marginulina planiuscula (Reuss), Lenticulina macro-
disca Reuss, and Globulina lacrime Reuss. The latter three,
although relatively rare, are important in helping affix an
Albian age for the fauna. A species such as Saccammina
lathrami, though common in some samples, has no significance
in the fauna as it ranges throughout the entire Cretaceous
sequence in northern Alaska. Specimens of Haplophragmoides
topagorukensis, however, are found throughout the Albian
strata of northern Alaska; but the species is an integral part
of the Verneuilinoides borealis fauna, and in the Kukpowruk
it is the most numerous one.

In general the specimens of Foraminifera from the Kukpow-
ruk formation are more poorly preserved than is usually true
for the Verneuilinoides borealis faunal zone from most other
areas in northern Alaska. Identification is thus sometimes
rather difficult. Almost all the arenaceous specimens are dis-
torted by compression, and many are flattened and rolled out.
Most of the specimens are dark tan or brown. Some specimens,
such as those of Verneuilinoides borealis, seem to be dwarfed
as compared to the robust specimens frequently found in sam-
ples from other areas. Calcareous specimens have escaped
distortion, as they are filled with calcite and more rarely with
pyrite, but all have a weathered or frosty appearance.

The specific stratigraphic range and lateral distribu-
tion of most of the microfossil species in the Utukok-
Corwin region are not known from present infor-
mation. Many of the species, as shown on the
accompanying tables, range upward into the Corwin
formation and downward into the Torok formation.
Others which may be restricted to the Kukpowruk
formation were found only in a few localities. The
authors feel that the number of samples collected in
the region is insufficient to provide a representative
coverage, and that more intensive sampling is required
to evaluate the range and distribution of the fossils

properly.
CORWIN FORMATION

NAME AND DEFINITION

One of the names used in the early classification of
rock sequences in northern Alaska was the Corwin
series, proposed for a series of sedimentary rocks along
the northwest coast of Alaska from Wainwright Inlet
nearly to Cape Lisburne (Schrader, 1901, p. 72-74).
The name was taken from Corwin Bluff “where rocks
typical of the series are exposed.” Relations to rocks
observed inland in northern Alaska were uncertain,
but the series was suggested by Schrader to be correla-
tive with coal-bearing rocks in the Colville River val-
ley and was believed to be of Jurassic and Cretaceous
age. Following later studies of the rocks in the Cor-
win Bluff area, a Jurassic age was assigned to the
Corwin series, and it was renamed the Corwin forma-
tion by Collier (1906, p. 27-30). As a result of the
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present investigations, the Corwin formation was rede-
fined and restricted to the predominantly nonmarine
facies of the Nanushuk group which overlies and inter-
tongues with the Kukpowruk formation, and which
underlies rocks mapped as the Prince Creek formation
of the Colville group in this region (Sable, 1956). The
type locality of the Corwin formation is in the Corwin
Bluff vicinity and is defined as the rocks exposed from
a point 0.6 mile west of Thetis Creek 11 miles west-
ward to Risky Creek and thence about 0.3 mile up-
stream along Risky Creek. This section is lithologi-
cally similar to the nonmarine sequence of the
Nanushuk group farther inland and is also thought
to be correlative because it contains a like flora.

DISTRIBUTION AND OCCURRENCE

The Corwin formation is exposed in the axial areas
of all the major synclines in the northern foothills
section that are cut by the Utukok, Kokolik, and
Kukpowruk Rivers, with the exception of the Foggy,
Meat Mountain, Poko Mountain, and Igloo Mountain
synclines. Tt is also believed to be present in synclines
in the vicinity of the Pitmegea River, with the possible
exceptions of the Dugout and Seaview synclines, and
has been recognized along the northwest coast from
Cape Beaufort to the vicinity of Ikikileruk Creek, and
from the mouth of the Pitmegea River to a point
about 115 miles west of Risky Creek. The absence of
the formation in the synclines named above is due to
erosion and not to nondeposition. Sediments of the
Corwin formation are believed to have been deposited
everywhere in the region discussed in this report. The
present southern limits of exposures of Corwin forma-
tion lie within this region, with the excepton of some
rocks in the Pitmegea syncline and in the belts of ex-
posures that extend southeast from Corwin Bluff.
However, these belts probably do not extend more than
a few miles south of the mapped region. Exposures
of the Corwin formation cover about 30 percent of the
northern foothills section in the Utukok-Corwin region.

Most exposures of bedrock in the coastal plain be-
long to the Corwin formation, and it is believed to be
the most widespread formation underlying the surficial
cover of that province in the mapped region. A coal-
bearing section, believed to be correlative with the
Corwin formation, is present under unconsolidated sur-
ficial deposits between depths of 113 and about 4,600
feet in Kaolak test well 1.

The Corwin formation produces topographic fea-
tures similar to those developed on the Kukpowruk
formation, but the topography is more subdued and
lacks the high persistent ridges of the Kukpowruk.
Locally, relief is usually less than in areas where the
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Kukpowruk formation is exposed. In interstream
areas the resistant sandstone and conglomeratic units
form ledges, low cliffs, and rubble traces, many of
which can be followed for several miles along strike.
These are separated by units of less resistant rocks,
which are predominantly tundra-covered but locally
exposed by frost heaving. Typically, a series of dip
slopes broken by resistant ledges and traces slope
toward the axial zone of a syncline, and flat-lying beds
in the axial zone commonly form terraced buttes.
Weathering of sandstone and conglomerate forms some
rock spires and pedestals as high as 50 feet, but these
are not as common as rock traces, ledges, and cliffs.
Many of the massive resistant units have well-devel-
oped joint sets and joint blocks as much as 40 feet
across that litter the slopes in these localities, as in
Tupikchak basin.

Stream-cut exposures are restricted to the major
rivers and their larger tributaries and rarely are more
than a few hundred feet long. Larger stream cuts in-
clude the nearly continuous exposures along the lower
Kukpowruk River in the Howard and Deep synclines.
Rocks in the wave-cut cliffs in the vicinity of Corwin
Bluff are also almost totally exposed, but inland expo-
sures there are limited almost entirely to resistant units.

CHARACTER

The Corwin formation is distinguished from the
Kukpowruk formation by the presence of coal, coaly
shale, and abundant ironstone; the greater abundance
of plant remains; a higher percentage of iron-weather-
ing products; the general absence of fossil fauna; and
the presence of bentonite in the upper part of the
formation. In general, rocks of the Corwin formation
are less calcareous than rocks of the Kukpowruk for-
mation. One of the most distinguishing features of
rock traces and rubble hills of the Corwin formation
are the orange-, reddish-, and yellowish-weathering
colors in contrast to the darker yellowish-brown and
brownish hues of the Kukpowruk formation. This is
a conspicuous gross feature when viewed from a dis-
tance. The difference in weathering color facilitates
general delineation of the 2 formations, but in detailed
mapping the contact between the 2 formations is more
difficult to recognize. On black and white photographs
the formations are difficult to distinguish, but traces
and heavings of the Corwin formation generally ap-
pear to be much lighter in tone and contain many
whitish areas of mud heavings and fewer closely spaced
resistant beds and traces.

Rocks of the Corwin formation are almost entirely
of nonmarine coastal facies, although some thick con-
glomerate beds may represent an inland facies, and at
one locality fossiliferous rocks of marine inshore facies
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were recognized. (See p. 124.) Interbedded silty
shale, clay shale and claystone, siltstone, sandstone,
coaly shale, coal, ironstone, conglomerate, clay, and
bentonite, in approximate decreasing order of abun-
dance, constitute the rock types of the Corwin forma-
tion (fig. 22). The relative percentages of these rocks
can be compared in only a few localities where they
are well exposed, such as along the Kukpowruk River
in Kasegaluk and Barabara synclines and in the Cor-
win Bluff locality. Shale, claystone, and thin-bedded
siltstone and sandstone make up about 80 percent of
the section in Kasegaluk syncline, 90 percent in Bara-
bara syncline, and 70 percent in the Corwin Bluff
locality. Sandstone, siltstone, conglomerate, and con-
glomeratic sandstone beds more than 5 feet thick con-
stitute 15, less than 10, and 25 percent, respectively,
of these 3 sections. Coal constitutes less than 5 percent
of the 3 sections but is locally more abundant in parts
of the formation. Other rocks constitute less than 1
percent of the sections, with the exception of ironstone
which is estimated at about 2 percent.

The silty shale, clay shale, and claystone of the
Corwin formation are like those in the Kukpowruk
formation but include yellowish-brown and yellowish-
gray color phases as well as the more abundant neutral
gray hues common to both formations. They also
bear more numerous carbonaceous plant remains and
ironstone, are more ferruginous, and weather dull to
bright yellowish orange and yellowish gray. The
shales and claystone occur in beds as much as several
inches thick and in sets of beds as much as several
hundred feet thick.

Siltstone and sandstone beds not more than a few
feet thick are mutually interbedded, or interbedded
with other rocks, in resistant units as much as 90 feet
thick. Although these rocks resemble those of the
Kukpowruk formation, they also have many nonma-
rine features. Conglomeratic sandstone and conglom-
eratic lenses are more abundant in the Corwin forma-
tion, as are carbonaceous and coaly fragments and
partings, coaly “vugs,” plant remains, and ironstone
nodules. Ironstains are also more common in the Cor-
win formation and extend as deep as one-half of an
inch below the rock surface. Common weathering
colors are light brown, dark and pale yellowish orange,
gray, and more rarely yellowish brown and grayish
yellow, although colors of fresh rock surfaces do not
differ markedly from those in sandstones of the Kuk-
powruk formation. Clay pellets and ripple marks are
less abundant in the Corwin formation, and ripple
marks, where observed, were of smaller dimensions
than those in the Kukpowruk formation. Thick sand-
stone beds commonly contain massive crossbeds with
foreset beds as much as 3 feet thick inclined as much
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has cones 1%4-1 inch in diameter and about 1 inch in
height, is associated in rubble with sandstone and iron-
stone on the Utukok River, a mile north of 1947 camp
15, and probably occurs in the upper part of the for-
mation. Septarian concretions made up of silty mate-
rial and containing vein calcite are associated with clay
and ironstone in rubble in two localities: on the Utukok
River 4 miles southwest of 1947 camp 12, where it is
believed to lie in the upper part of the formation; and
on the Kukpowruk River 2 miles southeast of 1949
camp 13, where it lies about 7,250 feet stratigraphi-
cally above the base of the Corwin formation. Coal-
fragment conglomerate was seen 2 miles southeast of
1949 camp 18 in the stratigraphically highest section
exposed along the Kukpowruk River. The coal frag-
ments are subround and of pebble to cobble size and
are either concentrated along bedding planes or ran-
domly scattered in several friable sandstone beds from
7,550 to 7,700 feet above the base of the formation.
At least one sandstone bed, exposed 45 miles above the
mouth of the Kokolik River, contains abundant as-
phaltic material. (See p. 154.)

Large plant fragments, tree trunks, and logs as much
as 1.5 feet in diameter and 5 feet in length, were ob-
served at several localities in shale, siltstone, and sand-
stone. Some tree trunks, including partly preserved
root systems, are perpendicular to the bedding, ap-
parently in their original attitudes of growth. All
these have coaly surfaces, and the cellular woody struc-
ture is evident from ironstained outlines. Their inte-
riors are commonly made up of silty claystone, some
of which is calcareous.

Sandstone, shale, and ironstone, altered by the com-
bustion of an associated coal bed, crop out on the north
limb of Howard syncline near the Kukpowruk River,
midway between 1949 camps 10 and 11. The sand-
stone weathers moderate reddish orange and orange
pink, the shale is slaty, and the ironstone is a deep red.
“Clinkers” several inches across occur with these rocks.
This altered unit, which is about 4,800 feet above the
base of the formation, is exposed in two hilltop localities
2 miles apart, separated by the Kukpowruk River val-
ley, where it was not exposed.

Rocks of marine inshore facies containing fossils
similar to those in the Kukpowruk formation were rec-
ognized in the lower part of the Corwin formation at
one field locality and in Kaolak test well 1. (See p.
124.) Although they are minor parts of the Corwin
formation and grade into nonmarine rocks, they are
significant in that they are evidence of the inter-
tonguing of the marine and nonmarine sediments.

The type section of the Corwin formation was meas-
ured by E. G. Sable and H. G. Richards between July
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29 and August 16, 1953, along the ocean cliffs from a
point 0.6 mile west of Thetis Creek to Risky Creek
and 0.3 mile upstream along Risky Creek. The lower-
most and uppermost 500 feet are poorly exposed. The
remainder of the section is more than 90 percent ex-
posed but is not everywhere accessible. Neither the
top nor the bottom of the formation was recognized.
The top of the section is known to be cut by faults, and
the bottom may be faulted, although it appears to
grade downward into a dominantly shale section. The
well-defined and accessible units were measured with
a tape, the poorly defined and partly accessible units
were measured by pacing and estimate, and inacces-
sible units were estimated.

The type section of the Corwin formation has been
divided into seven parts, here called members, for pur-
poses of comparison with sections in the inland part
of the region. The characteristics which typify each
member are the abundance of one or more rock types
in contrast with the relative scarcity of these types in
other members. No significant breaks in sedimenta-
tion are known to occur between the members, and
the divisions, made following compilation of field data,
are subjective. Generalized descriptions of these mem-
bers are given in the following table, and their appar-
ent relations to other sections of the Corwin formation

General description of members of the Corwin formation

Member Thickness (in feet) Generalized description

Top of section.
Fault.

Upper sandstone._ Thick sandstone beds in-
terbedded with shale
and siltstone. Scat-
tered coal beds.

Bentonite and bentonitic
clay common. Coal
abundant. Largely
interbedded shale, silt-
stone, and sandstone.

Thick conglomerate and
sandstone beds domi-
nant. Minor amounts
of coal and shale. Ex-
posed at Corwin Bluff.

Coal abundant. Scat-
tered massive sandstone
beds. Largely shale
and sandstone.

Clay shale and claystone
dominant. Scattered
coal beds. Minor
amounts sandstone and
siltstone.

Similar to upper sand-
stone unit.

Silty shale and thin-bed-
ded siltstone dominant.
Few massive sandstone
beds. Minor amounts
of coal.

11, 353-15, 494

Bentonitic clay_..| 8, 586-11, 353

Conglomerate_ . . _ 7, 951-8, 586

Coal and sand- 6, 544~7, 951

stone.

5, 306-6, 544

Lower sandstone.__ 2, 621-5, 306

Silty shale._______ 0-2, 621

Base of section.
Fault (?)
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are included under “Thickness and correlation” (p.

122).

columns of the type section (pl. 17).

The members are shown in the stratigraphic

The type section of the Corwin formation, which is
15,494 feet thick, is described from top to bottom as
follows:

Top of section.

Fault.

Upper sandstone member:

1. Sandstone and siltstone, fine-grained, scattered Th(if‘éle‘gess

[\

11,
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

22.

23.

24.
25.

exposures. Float of shale, mud, and carbona-
ceousshale. _______________________________
Silty shale and siltstone, medium-dark-gray,
platy to blocky, carbonaceous; contain plant
fragments and coaly vuglike cavities; thin bed
of coal and coaly shale at base_________ ______
Bentonitic(?) mud, light-gray________._________
Silty shale, 80 percent; with thin interbeds of
platy to blocky siltstone as much as 2 ft thick,
minor amounts of carbonaceous shale, and
scattered ironstone nodules; weathers bright
OTANGE. _ - ool
Coaly shale, coal, and silty shale; coal beds as
much as 6 in. thick in lower 6 ft______________
Partly covered. Interbedded siltstone and silty
shale. Coaly shale and coal float in upper 5 ft__
Sandstone, very fine grained___________________
Silty shale, clay shale, and coaly shale, inter-

Sandstone, silty to very fine grained..__________

. Clay shale, silty shale, coaly shale, and siltstone;

interbedded; 80 percent soft highly ironstained
shale in upper part; siltstone beds as much as
2ftthick . _____

Poorly exposed. Coaly shale and soft clay shale;
weathers yellowish orange__ . ____________
Coal and coaly shale; 60 percent is coal in beds as
much as 6 in. thick_________________________
Silty shale and elay shale_.____________________
Siltstone, dark-olive-gray, moderately hard, platy
to blocky; contains ironstone nodules; thickens
westward to 17 ft in 200 horizontal ft_________
Coaly shale and clay shale, interbedded. One-
inch coal bed neartop_ - _________________ __
Claystone, finely crossbedded and laminated;
contains ironstone nodules._____________._____
Silty shale; contains ironstone nodules concen-
trated along bedding planes; grades downward
to coaly shale in lower 2 ft_ __ _______________
Siltstone, nodular to blocky; weathers in sphe-
roidal bloeks._____ o ______
Silty shale, carbonaceous and coaly; fractures in
small blocky fragments. Coal and bone coal
inlower4in____.__________________________
Siltstone and silty shale, interbedded . _________
Sandstone, massive, very fine grained to silty,
uniform; weathers dark yellowish orange; con-
tains plant fragments at base_ . __.___________

470 £

20+

21

~ orw

11

26

27.

28.

29.

30.

31.

32.

33.
34.
35.
36.
37.

38.
39.

40.
41.

42,
43.

44,

45.
46.

47,

48.

Clay shale and silty shale, dark- to medium-dark-
gray, soft; contains scattered ironstone nodules,
interbeds of siltstone as much as 2 ft thick, and
thin coal beds and lenses____.__________.____.

Siltstone and clay shale, interbedded; contains
ironstone lenses and nodules as much as 10 in.
long. One-inch coal bed at top-_ - .. _________

Claystone and siltstone, interbedded; 80 percent
is medium-dark-gray soft blocky claystone in
beds 6 in. to 3 ft thick; siltstone is medium dark
gray and blocky, weathers light brown, is in
beds as much as 1 ft thick, and contains coaly
vuglike cavities. . ___________ . _____________

Sandstone, medium-gray, light-olive-gray, and
yellowish-gray, ironstained, fine-grained, salt-
and-pepper type, blocky to massive, moderately
hard; coarsely crossbedded with as much as 15°
difference between foreset and topset beds;
contains carbonaceous laminae, plant remains
including large tree trunk; ironstone lenses.
Grades into unit below______________________

Sandstone, as in unit 29, but fine- to coarse-
grained, more friable, and more massive. Lower
3 ft contains conglomerate lenses as much as 3
in. thick containing subround to subangular
granules and pebbles of chert. Abrupt and
irregular lower contact with unit below__.____

Siltstone, hard; beds to 2 in. thick; thins west-
ward to less than 10 in. within a distance of
200 ft. Thinning believed due to erosion prior
to deposition of unit 30_ - ___________________

Coal and bony coal; interbedded; 40 percent is
good coal. Bony coal is grayish black, dull,
with prismatic fracture, laminated. Clay shale
inupper 1t ___ L ____

Siltstone and shale interbedded; 90 percent is
thinbedded siltstone_ __ . ___________________

Siltstone, massive_ _ __ __ . ___________

Siltstone and shale; in thin interbeds_ __ ________

Sandstone, very fine grained to silty, very massive._

Shale and sandstone interbedded; 50 percent is
fine-grained sandstone in beds to 2 ft thick.___

Sandstone, fine-grained - _ _ ____________________

Shale and siltstone, interbedded; shale dominant.
One 6-in. coal bed near top_ .. ______________

Coal, coaly shale, and clay shale, interbedded.___

Sandstone, very fine grained; in beds as much as
4 ft thick; interbedded with siltstone and shale_

Siltstone, very massive; weathers yellowish orange_

Siltstone and shale interbedded; 50 percent is
siltstone, in beds as much as 5 ft thick_____

Siltstone, clay shale, and claystone; interbedded;
siltstone is in beds as much as 4 ft thick; clay-
stone is in beds to 6 ft thick. Thin coal beds
inupper 2 ft__ .-

Siltstone, massive_ ____ ___________________._._

Clay shale, coal, and coaly shale; interbedded;
many thin coal beds in lower 2 ft_____._____
Siltstone and very fine grained sandstone; mas-
sive unit; Asplenium foersteri Debey and
Ettingshausen _ _ ___________________________

Bony coal and coaly shale_____________________

Thickness
(feet)

31+

14

70

15

14

5+
4.5

©

11+

12
15

30+

40
13



49.
50.
51.

52.
53.

54.

55.
56.

57.

58.
59.

60.

61.
62.

63.

74.

75.

76.
77.
78.

79.

. Sandstone,
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Siltstone; weathers in spheroidal fragments; thick-
ens westward to 7 ft within a distance of 100 ft_
Clay shale; contains few siltstone and ironstone

Siltstone lens; thickens westward_._____________
Silty shale and siltstone, in thin interbeds__.____
Siltstone, sandstone, and silty shale; interbedded;
beds 1 to 3 feet thick; 20 percent is shale; con-
tains 8-in-diameter coaly tree trunk perpendic-
ular to bedding _ . _ _______ . ____________
Clay shale; contains thin coaly beds and ironstone
nodules. Thickness ranges from 11 to 25 ft___
Sandstone, very fine grained, massive_.________._
Clay shale; contains siltstone lenses throughout,
and 6-in. coal bed at base_ . _________________
Siltstone, massive_ - _________________________
Clay shale.____________ . ______
Silty shale, and distinctive cream-colored sand-
stone; contains bright orange-weathering iron-
stone concretions.___ _______________________
Siltstone, silty shale, claystone, and clay shale;
interbedded; 80 percent is shale and claystone,
in beds as much as 3 ft thick; siltstone is in
beds as much as 2 in. thiek__.______________
Siltstone, massive to platy, finely crosshedded_ . -
Silty shale and siltstone, interbedded; contain
ironstone nodules_ _ ________________________
Clay shale and claystone; fractures in large
blocky fragments; contains silty ironstone
nodules and few siltstone beds__.__.________

. Clay shale and coaly shale, interbedded___________
. Sandstone, very fine grained, massive_.__________
. Shale, claystone, and siltstone: interbedded; clay-

stone in beds as much as 4 ft thick; 40 percent is
siltstone, in beds as much as 2 ft thick__________

. Siltstone, with thin shale interbeds in upper 3 ft_ __

. Bilty shale; contains thin coal beds less than 1 in.

thick and minor amounts of clay shale_________
medium-dark-gray, fine-grained;
grades upward into siltstone in upper 2ft_______
Clay shale; contains few coaly beds as much as
6in. thick_______ . _________________________
Siltstone, platy and with shale interbeds in lower
part, massive in upper 6 ft___________________
Coal, poor quality____________________________
Clay shale and coaly shale_____________________

Siltstone and sandstone; in beds to 2 ft thick,
with interbedded shale as much as 1 ft thick.
Resistant unit_______ __ . ________ . ________._.

Sandstone, siltstone, and conglomerate, massive,
resistant. Sandstone yellowish gray, fine to
medium grained, salt-and-pepper type; con-
tains carbonaceous laminae and fine cross-
bedding, becomes finer upward, and intergrades
with siltstone in upper part. Coarse phase 10
to 20 ft above base, includes conglomerate
lenses 3 to 6 in. thick with subround pebbles
and cobbles as much as 3 in. in diameter of
chert, white quartz, and ironstone. Abundant

544908 0—61——5

Thickness
(feet)

4
19

7+
8

13

>,

15+
11+
6+
5+

26 +

80

81.
82.

83.

84.
85.
86.
87.
88.

89.

90.

91.

92.
93.

94.

95.

96.

97.

98.

99.
100.

101

102

103

coaly fragments and laminae, and coarse cross-
bedding in lower 6 ft_____.___________________
Coal; with prismatic fracture, some fissile partings.
Coaly shale__________________________________
Clay shale, claystone, silty shale, and siltstone;
interbedded; 80 percent is shale; siltstone is
mostly thin bedded and grades eastward to
shale. Medium-gray soft clay in upper 1 ft,
grades upward into coaly shale.______________
Clay shale, claystone, and silty shale; nodular to
blocky; somewhat lighter gray than most shale
in section. Few coal interbeds less than 2 in.

Shale and claystone, asinunit 83_.______________
Sandstone and siltstone_..______________________

Siltstone and very fine grained sandstone, inter-
bedded, massive; contain scattered ironstone
lenses, numerous carbonaceous reedlike frag-
ments, and thin shale partings; abundant coaly
fragments in lower 6 ft______________________

Clay shale with coal beds and lenses to 1 ft thick
and ironstone nodules as much as 6 in. in max-
imum length______________________________.

Clay shale, siltstone, and silty shale; contain few
ironstone nodules; grade upward to coaly shale
in upper 3 ft; 80 percent is shale______________

Mostly covered. Shale with interbeds of very fine
grained sandstone and siltstone as much as
4 ft thick. About 70 percentisshale ___________

Mostly covered. Shale_______________________

Siltstone lenses, massive; with thin shale inter-
beds; weather light yellowish orange; contain
numerous plant fragments; Cladophlebis browni-
ana (Dunker) Seward_______________________

Siltstone and sandstone interbedded; massive
with few shale partings.. . ________________

Siltstone and shale, interbedded; about 70 percent
isshale. __ _____________ L __..

Siltstone, silty shale, and clay shale; interbedded;
siltstone is in beds and lenses as much as 214 ft
thick; contains some sandstone lenses_________

Siltstone, medium-dark-gray, massive, finely cross-
bedded, weathers yellowish orange______._____

Siltstone, clay shale, and claystone; interbedded;
60 percent is siltstone, in platy to massive 3- to
8-in. beds; 30 percent is clay shale..__________

Sandstone, lenticular, massive, salt-and-pepper-_

Clay shale . __ o ____

Sandstone, lenticular, salt-and-pepper; in massive
beds 6 in. to 3 ft thick, crossbedded, weathers
yellowish gray, contains coaly fragments._____

Clay shale; with minor amounts of interbedded
siltstone and claystone______________________

Sandstone, as in unit 79; massive beds 1 to 8 ft
thick in lower part, thin bedded in upper part;
contains lenses of pebble- and cobble-sized chert
and white quartz conglomerate 4 to 8 in. thick
near base, and coal lenses as much as 7 in. thick
and 3 ft long. Siltstone interbeds near top of
unit, with scattered ironstone nodules as much
as 10 in. long and 6 in. thick_________________
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Thickness
(feet)

33
1.5
1

16

11

11
4+
3+

16

20

29
20+

44
6+

59. 3

78



108

104.

105.
106.
107.
108.
109.

110.
111.

112.

113.

114.
115.

116.
117.

118.

119.

120.

121.

122.
123.

124.

125.

126.

127.
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Sandstone, siltstone, clay shale, and coal; inter-
bedded; sandstone is as in unit 79, in massive
beds 6 in. to several ft thick; contains
about 5 percent of coal in beds as much as 1 in.,
and 25 percent is siltstone in beds as much as

Clay shale and claystone, with siltstone lenses;
70 percent is clay shale; 25 percent is claystone._ _
Siltstone, medium-dark-gray; in massive lenticular
beds several feet thick; finely crossbedded;
weathers yellowish gray._. ... ___________
Clay shale, with thin coal interbeds..___.________

Clay shale, 60 percent; interbedded claystone, 20
percent; siltstone lenses, 20 percent.._________
Siltstone similar to unit 106, but sandy.-_ _______
Clay shale, 70 percent; interbedded claystone, 20
percent; some siltstone lenses________________
Clay shale, 50 percent; interbedded claystone in
massive beds as much as several ft thick, 35
percent; interbeds of siltstone, carbonaceous
shale, and coal at base_ . ____________________
Siltstone, dark-gray, soft; 70 percent is in massive
beds as much as several ft thick, interbedded
with dark-gray silty shale in beds as much as
one-half ineh thiek ... ___________________
Clay shale____ ___ o ____
Siltstone, similar to unit 106, gradational upward
into claystone and interbedded with clay shale
and few thin coal beds; 50 percent is siltstone;
30 percent is claystone; Podozamites lanceolatus
(Lindley and Hutton) Braun, @inkgo digitata
(Brongniart) Heer_______ .. ________________._
Clay shale______ __ o ____
Siltstone, as in unit 106, hard; in beds as much as
4ftthick ..
Claystone and clay shale, interbedded; 70 percent
is massive nodular claystone, in beds 2 to 3 ft

Coal, bloeky ___ . ...
Clay shale and claystone, interbedded, with thin
lenses of coal and ironstone; 50 percent is shale,
in beds less than one-quarter inch thick;
45 percent is claystone, in beds less than 1 ft

Carbonaceous shale, black, fissile; with coal inter-
beds less than one-half of an inch thick; con-
tains ironstone nodules; 75 percent is shale_____

Coal, bloeky___ ____ o _____

Clay shale and claystone, interbedded; 80 percent
is platy to fissile shale, in beds about one-
quarter of an inch thick; 15 percent is claystone,
in beds as much as 3 in. thick. Contain scat-
tered medium-gray orange-weathering ironstone
nodules_ _ . __ __________________________.__.

Scattered exposures of clay shale, silty shale,
carbonaceous shale, and siltstone_____________

Sandstone, medium-dark-gray with bluish cast,
fine-grained, hard; weathers bright yellowish
OTANGE - - - oo

Mostly mud covered. Scattered exposures of silt-
stone, silty shale, and coaly shale_____________

Coaly shale_. _____ _ _ __ o _______

Thickness
(feet)

42

59. 3

75
21

84. 8

34

74
14. 9

48.6

12

17

55

12.5

220

128.

129.

130.

131.

132.

133.

134.
135.

136.
137.
138.
139.
140.
141.

142.
143.
144.

145.

146.

147.
148.
149.

150

151

Sandstone, medium-dark-gray with bluish cast,
weathers yellowish-brown to light-brownish-
gray, very fine to fine-grained, massive to
platy; contains coaly fernlike impressions.
Thin silty fragments, small tree trunks, and
shale interbeds give banded appearance to out-
crop. Grades into unit below_.._____________

Silty shale, clay shale, and claystone, with lesser
amounts of siltstone and coaly shale inter-
bedded. Shale is medium dark to dark gray
nodular to blocky, with partings %4 to 1 in.;
contains scattered ironstone nodules and coaly
wood fragments; weathers bright yellowish
orange; contains interbeds of siltstone as much
as 2 ft thick, and coaly shale as much as 4 in.

Siltstone, sandstone, and silty shale, interbedded;
shale 60 percent, weathers bright yellowish
orange, contains thin coaly lenses less than one-
half inch thiek_ - __________________

Siltstone, medium-dark-gray, massive, finely cross-
bedded; contains plant fragments; in beds 3 in.
to 1 ftthiek. _____________________________.

Silty shale and clay shale; as in unit 129, but with
bluish-white efflorescence on weathered surfaces.

Coaly shale, bone coal, and coal beds as much as
2in, thiek_____.__ ...

Coaly shaleand shale_. .. ________________

Siltstone and shale, thin-bedded; 70 percent is
siltstone_ .. ...

Siltstone, massive. - __ ... _______.__.

Coal, poor grade_ - ____________.____

Siltstone, massive. - _____________.__.__________

Siltstone and shale, interbedded - . _____________

Coaly shale and eoal._. _ . ___________________

Shale and siltstone, interbedded; 70 percent is

Siltstone, thin-bedded; grades downward into
unit below_.._ _ . _______________.___
Sandstone, medium-gray, fine- to coarse-grained,
salt-and-pepper, laminated and crossbedded,
friable to moderately hard; weathers yellowish
brown to light brown; contains scattered con-
glomerate lenses in lower 6 ft containing cobbles
as much as 6 in. in diameter of green-gray
quartzite, medium-light-gray chert or silicified
limestone, greenish-gray igneous rock, dark-
bluish-gray chert, ironstone, and coaly wood
fragments. Large coaly wood fragments and

Sandstone, conglomeratic, similar to unit 145,
but medium-grained, friable; contains pebbles
and cobbles to 10 in. diameter. Some pockets of
bright-grayish-yellow material ... ____________

Clay shale, soft_ . . ______

Siltstone and coaly shale______________________

Clay, light-gray; grades into unit below_. __.___.

Claystone, medium-dark-gray, weathers bright-
yellowish-orange, silty, finely crossbedded.-__._

Coaly shale.. - ..

Thickness
(feet)

32

44

10+

20

60+

= ]

(=)
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Thickness Thickness
(feet) (feet)

152. Silty shale and siltstone, interbedded; 70 percent is 177. Siltstone, sandstone, and shale; interbedded;
nodular shale, in sets of beds as much as 3 ft coarser clastic rocks constitute 60 percent, in
thick. .. 27 massive lenticular beds______________________ 27

153. Sandstone, fine-grained, massive, finely cross- 178. Coaly shale, with thin coal bed_________________ 2
bedded; in spheroidal-weathering beds as much 179. Siltstone, silty shale, and clay shale; interbedded;
as 2 ft thick separated by thin shale interbeds; 70 percent is siltstone. Abrupt contact at base_ . 23
contains few ironstone nodules_______________ 6 180. Silty shale, clay shale, and coaly shale; inter-

154. Siltstone, very fine grained sandstone, and shale; bedded. Gradesintounitbelow.___________.___ 7
interbedded; minor amounts of ironstone and 181. Siltstone, massive__________________________.__ 8
coaly shale; 40 percent is siltstone and sand- 182. Clay shale and silty shale, with 1-ft coaly shale
stone; shale as much as 8 ft thick; Asplenium at base. . 7
foersteri Debey and Ettingshausen, Ginkgo 183. Sandstone and conglomeratic sandstone, with
digitata (Brongniart) Heer___________________ 70 siltstone interbeds; sandstone similar to unit

155. Sandstone, very fine grained, massive._.________ 15 145, yellowish gray, contains subround pebbles

156. Silty shale.__ . ... 3 and cobbles of gray chert and white quartz,

157. Coaly shale; contains one 8-in. coal bed_________ 2 weathers yellowish orange___________________ 4
158. Siltstone, very fine grained sandstone, and shale; 184. Silty shale and clay shale ... ______________ 7
interbedded; 50 percent is siltstone and sand- 185. Siltstone, massive; contains ironstone nodules
stone, in massive spheroidal-weathering beds as and lenses, plant fragments, and coaly lenses._.__ 22

much as § ft thiek_ .. ______________________ 47 186. Siltstone, silty shale, clay shale, and claystone;

159. Bony coal, coaly shale, and ironstone___________ 2.5 interbedded; siltstone in massive 10-ft beds;

160. Siltstone and silty claystone, massive to platy, 70 claystone nodular to blocky. Numerous coal
percent; with interbeds of shale and coaly shale, beds % to 2 in. thick inupper 10ft_____________ 50
30 pereent___________ o ___ 65 187. Siltstone, medium-gray, laminated; weathers

161. Sandstone, fine-grained, very massive; contains bright yellow orange_______________________. 2
umerous coaly pl.ant fragments..._.___.._____ 11 188. Silty shale, in part carbonaceous. . ______________ 7

162. S}ltstone and shale, mterbeflded_________?_____‘_ 9 189. Siltstone, very massive; weathers light brown;

163. Silty shale a.nd clay shale, interbedded, with thin contains ironstone nodules and 1-ft thick
coal beds in upper 10 ft.____________________ 40 thick shale bed. 15

164. Claystone and siltstone, dark-gray, massive; con- .
tain large coaly wood fragments; Cladophlebis 190. Clay sl?ale. and claystone, nodular to blocky;
browniana (Dunker) Seward. . ... ... 25+ contains ironstone nodules___________________ 20

165. Clay shale and silty shale, interbedded; with 191. Coal, good grade. Abrupt contact with unit below_ .9
minor amounts of coaly shale and ironstone 192. Siltstone and very fine grained sandstone, inter-
nodules; grades upward to siltstone in upper 3 bedded, medium-dark-gray, hard; in beds as
P o e 18 much as 3 ft thick; contain shale beds as much

166. Claystone and siltstone, as in unit 164, but with as 1 ft thiek . . 38
interbeds of fine-grained sandstone._______._. 10 193. Siltstone and shale, interbedded; 50 percent is

167. Claystone and siltstone_.____________________. 19 medium dark gray siltstone that weathers light

168. Coaly shale_.. .. .5 brown to dark yellowish orange, in massive

169. Siltstone and silty shale, interbedded; with minor beds as much as 12 ft thick; contains plant
amount of clay shale; siltstone massive; in beds fragments_ ... 60+

170 S'listmu(;h as 3 ft thf;Ck‘ TTT T TTTmTomemomTmees 15 194. Siltstone, clay shale, coaly shale, and sandstone,

- Dritstone .a'nd very nine gr ained sandgtone,. inter- interbedded; 60 percent is dark-gray siltstone,

171 Soll;e;ided, lnézluftlles llllr()lnstgne lens, 4 H'l' t}.uck_il.._ 10 in conspicuous massive beds as much as 15 ft

- Siltstone and silty shale, interbedded; with thin thick, with thin interbeds of sandstone. Minor
xcl(:)?ilm::ds in upper 3 ft; contains ironstone 26 clay ironstone lenses and silty ironstone nodules. 120+

172. Sandstone and siltstone, interbedded, massive to 195. Sandst(?ne, medlu@-gra'med, salt-and-pepper,
platy; with thin shale beds at intervals of 2 in. massive; occurs mainly in lower 10 ft and grades
tolfbo . 40+ upward to 1pterbedded s1lt§tone 'and silty shale.

173. Sandstone and conglomeratic sandstone, as in Abrupt erosional contact with unit below...___ 30
unit 146, but moderately hard; contains pebbles 196. Sandstone and siltstone, interbedded; with thin
in lower 2 ft, including elay galls__ . _________ 19 interbeds of shale; contain coaly wood frag-

174. Siltstone and silty shale, interbedded; siltstone ments and carbonaceous partings; gradational
increases westward to as much as 90 percent..__ 11 upward into silty shale and coaly shale. Lentic-

175. Siltstone and very fine grained sandstone, inter- ular unit, appears to thicken to 50 ft and to
bedded and interlensing, medium-gray, hard; contain more coarse-grained phases eastward._ _ 28+
weather dark yellowish orange; abundant plant 197. Shale, sandstone, siltstone, and ironstone; inter-
fragments including broad-leaved and reedlike bedded; contain coaly beds as much as 1 ft
varieties. . - _ _ _ _ __ __ ol __ 11 thick and abundant coaly wood fragments;

176. Silty shale and clay shale, with thin interbeds of 40 percent is sandstone and siltstone, in beds as
siltstone; 70 percent is shale_________________ 13 much as 5 ft thick ... ______ . _______________ 120+




110

198.

199.
200.
201.

202.
203.

204.
205.
206.
207.
208.

209.
210.

Base
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Siltstone and silty shale, interbedded, with minor
amount of coaly shale; siltstone beds as much as
4 ftthiek L ____
Clay shale with coaly partings__ . _____________
Sandstone and shale, interbedded_ __ . __________
Silty shale, dark-gray, blocky, hard; grades up-
ward to clay shale and coaly shale____________
Siltstone, massive; grades into unit below_ ______
Ironstone, medium-gray, silty; weathers dark
yellowish orange._ - _________________________

Silty shale and clay shale_.____________________
Sandstone__ - ____.___
Covered. - ______
Inaccessible. Appears to be 70 percent shale, 30

percent siltstone, with ironstone lenses_..__.___
Sandstone and shale, interbedded; contain iron-
stone lenses________ . _____ . ____________
Silty shale, with thin siltstone beds in lower 5 ft__
Siltstone and shale, interbedded; siltstone beds
as much as 4 in.; 50 percent; carbonaceous
plant fragments common.__.________________

Total thickness_ - ____________________
of member.

Bentonitic clay member:

1.

2.
3.

O N®

-

12.
13.
14.
15.

16.

17.

18.
19.
20.

Mostly covered by float of clay shale, siltstone,
coal, and bentonitic(?) mud__________________

Clay shale and -claystone, medium-dark-gray,
very soft, blocky, even-bedded; weathers to

. Clay shale and claystone, as in unit 3; contains

thin eoal lenses_ _ _ . ________ ________________

. Clay shale and claystone, as in unit 3___________
. Coaly shale, black, fissile_ ... ________________
. Clay shale and claystone, as in unit 8...________
. Coaly shale and siltstone, interbedded_ _ ________
. Clay shale and claystone, as in unit 3; contains

coaly shale beds to 6 in. thick________________

Clay shale and claystone, similar to unit 3; but
contains ironstone nodules and coaly lenses____
Sandstone, yellowish-gray, weathers yellow brown,
fine- to medium-grained, salt-and-pepper, mod-
erately hard to hard; beds % in. to 2 ft thick;
massive and crossbedded in lower half; con-
tains scattered ironstone nodules; current(?)
markings alined in easterly direction; grada-
tional upward into very fine grained sandstone,
siltstone, and coaly shale . __________________
Sandstone and shale, interbedded; shale grades
westward into sandstone and siltstone.________
Coal and shaly coal___________________________
Sandstone, uniform medium-dark-gray, medium-
grained, carbonaceous, platy, laminated and
crossbedded

Thickness
(feet)

1.5
1.5
15+

10+
5+

17+
3.5

2(?)

15

27

163 +
154
4+

RESERVE NO. 4, ALASKA, 1944—53

Thickness
(feet)
21. Clay shale and coaly shale, with thin coal inter-
beds. oo 30+
22. Coal and shaly coal . ________________________ 3+
23. Siltstone and shale, interbedded. Thin coal beds_ - 124+

24. Mostly snow covered. Clay shale with thin inter-

beds of siltstone or sandstone in upper part;

ironstone in float_. . ___________ 504
25. Coaly shale and hard clay ironstone, interbedded__ 2
26. Coal and shaly coal; includes one 1.4-ft good-grade

coal bed and thickens westward to 3.5 ft, in-

cluding 3 ft of good eoal .. ___________________ 1.84
27. Siltstone and shale; interbedded; 50 percent is

siltstone, in beds as much as 1% ft thick; con-

tains lenses of crossbedded sandstone_________ 7
28. Clay shale, claystone, and clay; shale and clay-

stone is medium to medium dark gray, nodular

and blocky, very soft; clay possibly bentonitic;

scattered small ironstone nodules_____________ 35
29. Clay shale and claystone, as in unit 28__________ 7
30. Coal .5
81. Clay shale, claystone, and clay, as in unit 28____ 22+
32. Bony coal and coaly shale_____ . ______________ 1

33. Clay shale, medium-gray; weathers dark yellow-
ish orange and moderate yellowish brown, with
interbeds of coal and coaly shale about 1 in.

thiek. ... 7
34. Coaly shale and bony eoal ___ . _______________ .5
35. Clay shale, claystone, and clay, as in unit 28;

grade into unit below______________________ 3
36. Sandstone, yellowish-gray, fine-grained, salt-and-

pepper, coarsely crossbedded. . ____________ 5
37. Clay shale, with thin coal and sandstone interbeds

and ironstone nodules__._. . _______________ 154+
38. Coal_____ ... .5
39. Clayshale ______________ ... 34
40. Coal and carbonaceous shale; includes three 8-in.

coal beds_______________________________ 3+
41. Clay shale, with large ironstone lenses_ . ________ 3+
42. Coal . ____ i+
43. Clay shale___________________________________ 64
44. Ironstone, nodular; weathers yellowish orange;

with thin interbeds of clay shale. ____________ 1.5
45. Coaly shale___________ . ___ 1

46. Clay shale and claystone, medium-dark-gray,
nodular to blocky, soft; contains ironstone
nodules and coal fragments_.________________ 6

47. Sandstone, medium-dark-gray, very fine grained
to silty, massive; with thin shale interbeds;
grades to silty shale within 50 ft eastward.__ 8

48. Sandstone, siltstone, and shale, interbedded; 50
percent is medium-dark-gray very fine grained
sandstone, in beds and lenses as much as 3 ft
thick; contains current(?) markings alined
N. 80° W. Clay shale and silty shale interbeds to
1 ft thick, and scattered ironstone nodules______ 30+

49. Sandstone, light-olive- to olive-gray, fine- to
medium-grained, salt-and-pepper; laminated
and coarsely crossbedded with foreset beds dip-
ping 15°; massive in lower half, platy in upper
half, contains numerous ironstone nodules and
few thin shaly partings. Grades into unit
below_____ .. 21+



50.

51.

52.

53.
54.
55.

56.
57.
58.
59.
60.
61.

62.

63.
64.
65.
66.
67.

68.
69.

70.

71.

72.

73.

74.
75.

76.
77.

GEOLOGY OF THE UTUKOK-CORWIN REGION, NORTHWESTERN ALASKA

Sandstone and shale, interbedded; similar to unit
48; sandstone beds as much as 2 ft thick______
Shale, siltstone, and sandstone, similar to unit 48;
about 70 percent is clay shale. Coaly shale
and 6-in. coal bed in upper 10 ft___________
Sandstone, as in unit 49; contains limy ironstone
lenses as much as 10 in. thick

Covered. Talus of mud, coal, sandstone, and
ironstone___ __ _____________________________
Sandstone, fine- to medium-grained
Shale, with thin ironstone lenses________ ______
Coal, vitreous, with prismatic fracture_ . ________
Clay shale, dark-gray, with thin interbeds of
siltstone_ - ____.
Clay, light-gray, bentonitie.___________________
Clay shale and siltstone, interbedded; 70 percent
is shale; contains ironstone nodules and thin
coal beds_ - - ___________ . _________
Sandstone, siltstone, and silty shale interbedded;
70 percent is medium-gray very fine grained
argillaceous finely crossbedded sandstone, in
beds as much as 2 ft thick, with plant frag-
ments. Siltstone is medium dark gray, platy
to blocky, micaceous.______________________
Shale and claystone, blocky

Clay shale, dark-gray._.________________ _______
Coal, vitreous, prismatic fracture_______________
Mostly covered by mud. Scattered exposures of
shale, siltstone, and sandstone; heavings of coal
and grayelay_ . ___________________________
Shale, dark-gray. Grades into unit below______
Sandstone and silty shale, interbedded; 60 percent
is medium-gray fine-grained salt-and-pepper
moderately hard sandstone, in platy beds as
much as 2% ft thick; contains ironstone pebbles_
Poorly exposed. Siltstone, sandstone, silty shale,
clay shale, and ironstone; interbedded; sand-
stone and siltstone as in unit 62; silty ironstone
beds as much as 2 ft thick, contain plant frag-
ments; 60 percent is dark-gray soft clay shale,
with thin interbeds of coaly shale__ __________
Siltstone, sandstone, silty shale, clay shale, and
ironstone; interbedded, as in unit 70__________
Clay shale, siltstone, and sandstone, interbedded,
as in unit 70; but 80 percent is shale. Coaly
shale in upper 1 ft. Abrupt contact with unit
Sandstone, medium- to olive-gray, fine- to
medium-grained, weathers yellowish-orange to
light-brown, blocky, laminated and cross-
bedded, carbonaceous and micaceous; friable
and platy in lower 1 ft, hard and massive in
upper 4 ft____ ____________________________
Silty shale and sandstone, interbedded__________

Sandstone, as in unit 73; beds as much as 4 in.

Silty shale
Sandstone, as in unit 73

Thickness

(feet)

35+

54

99
10

46

21

19.

17.

78.

79.
80.

81.

82.

83.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

100.

101.

Silty shale, siltstone, sandstone, and ironstone;
interbedded; siltstone and sandstone as in unit
62; shale is dark gray to olive gray, dense, non-
calcareous and contains plant fragments and
ironstone nodules; minor amounts of carbona-
ceous shale______________________________.__

Claystone, slightly calcareous._________________

Mostly covered by slump of medium-gray mud.
Includes float of coal and siltstone, and 1-ft
eoal bed_____ . _____

Siltstone and ironstone, thinly bedded_ _________

Covered by mud slump. Mud appears to be
bentonitic. L _____

Sandstone and siltstone, with thin interbeds of
shale and ironstone nodules; 70 percent is sand-
stone, in beds as much as 134 ft thick_________

Clay shale and coaly shale, interbedded.________

Coal, good grade______ . _________ . _____.______

Clay shale; varies in hardness; some interbeds of
siltstone less than 1 ft thick; ironstone nodules
as much as 6 in. in diameter_________________

Sandstone, light-olive-gray, weathers pale yellow-
ish brown, fine-grained to very coarse grained,
salt-and-pepper; becomes finer upward. Lower
20 ft coarsely crossbedded, consists of massive
lensing beds including granule to pebble chert-
conglomerate lenses. Scoured surfaces 5 to 20 ft
above base. Gradational upward into thinner
beds of interbedded siltstone, silty shale, and
clay shale_ ________ . ____

Shale and siltstone, interbedded; shale dominant.
Lenticular unit_ ... _____________________

Siltstone, brownish-gray, blocky, laminated, and
finely crossbedded__________________________

Clay shale, silty shale, siltstone, and ironstone;
interbedded; coal beds about 1 in. thick.______

Siltstone, as in unit 89________________________

Clay shale and silty shale, interbedded; contain
ironstone lenses as much as 3 in. thick, and plant
fragments_ __ ___ . ____

Siltstone and sandstone, as in units 87 and 89,
interbedded . . . .. __________________________

Mostly mud covered. Dark-gray very soft clay
shale, coaly shale, bentonitic(?) shale, and silt-
stone interbedded in upper part of unit_______

Bentonitiecmud_______________________________

Clay shale; with few interbeds of siltstone as much
as 1 ft thick, and nodular ironstone in upper

Coaly shale, coal, and clay shale; interbedded;
includes one 6-in. coat bed____ _______________
Clay shale and siltstone, asinunit 96_____________
Siltstone and silty shale; interbedded, with few
clay shale interbeds. Grades into unit below____
Sandstone and conglomerate, similar to unit 87;
contains large coaly fragments. Abrupt and
irregular contact with unit below______________
Clay shale, silty shale, and coaly shale; inter-
bedded; includes coal beds as much as 8 in.
thick, and bentonitic (?) shale; Cladophlebis
browniana (Dunker) Seward, Ginkgo digitata
(Brongniart) Heer_______________________ . .
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Thickness
(feet)

314+

25+

21

70+
6+
3.5

10
4.5

25+
1+

18

17

35
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102.
103.
104.
105.
106.
107.
108.

109.

110.
111.
112.
113.

114.

115.

116.

117.

118.
119.

120.
121.

122.

123.

124.

125.
126.

127.
128.
129.
130.

131.
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Siltstone, massive_____________________________
Clay shale, very soft; contains abundant ironstone
nodules, plant fragments, and one 2-ft siltstone

Siltstone and clay shale; interbedded; includes one
8in.coalbed______________________________
Clay shale; with thin siltstone interbeds less than
1 ft thick, minor amount of coaly shale, and
numerous ironstone nodules__________________
Coal, hard, massive, good grade________________
Clay shale, coaly shale, and siltstone; interbedded;
ironstone nodules in upper part_______________
Sandstone, very fine-grained, massive; abrupt
contact with_______________________________
Silty shale and clay shale, interbedded; numerous
thin ironstone lenses in upper part. Unit thins
westward to 2 ft in 30 horizontal ft. Abrupt
contact with unit below._______._____________
Coal, massive, prismatic fracture, good grade_ ____
Clay shale, very soft, with thin ironstone lenses____
Coal and coaly shale; includes one 1-ft coal bed of
good grade_ . _____ _________________________
Siltstone, and very fine grained sandstone, massive
toblocky._________ __ . _____
Silty shale and clay shale; with thin interbeds of
coal, and ironstone nodules at base; Cladoph-
lebis septenirionalis Hollick, Cephalotazopsis
magnifolia successiva Hollick___ ______________
Sandstone, very fine-grained, massive; grades
upward into siltstone____.___________________
Mostly mud covered. Clay shale, coal, ironstone

nodules, bentonitic clay; clay increases in
upperpartof unit__________________________
Clay, medium-light-gray, clean, bentonitic;

weathers yellowish gray_____________________
Coal, coaly shale, and elay._..___._____________
Siltstone, silty shale, and clay shale; interbedded;
includes some thin coaly shale beds___________
Siltstone, and very fine grained sandstone; with
thin coal and shale interbeds, lenticular. _______
Clay shale and silty shale; with siltstone interbeds
as much as 2 ft thick; 70 percent is shale________
Clay shale, soft, hackly; with ironstone lenses as
much as 2 in. thick. Brownish-gray dense non-
calcareous ironstone with conchoidal fracture_ - _
Coal and clay shale, interbedded; coal beds 2 to 8
in. thick. Unit thins and grades westward into
08ftcoalbed ______ _ ________ ___________
Siltstone, clay shale, and silty shale; interbedded;
50 percent is siltstone, in beds as much as 2% ft
Coaly shale and clay shale, interbedded___________
Coal, good grade

Coaly shale, clay shale, and coal________________
Clay shale, very soft, probably bentonitic_________
Sandstone, very fine grained, massive___________

Siltstone and silty shale, interbedded; carbona-
ceous shale in lower 1 ft

Clay shale, claystone, siltstone, sandstone, and
silty shale; interbedded; sandstone very fine-
grained, in beds as much as 3 ft thick; 60 per-
cent is shale and claystone, in beds 2 ft thick. _

Thickness
(feet)

14

8+

21

L5

14+

314

132.

133.
134.
135.
136.

137.

138.
139.

140.
141,

142.

143.
144.
145.
146.
147.
148.

149.
150.
151.
152.
153.

154.
155.

156.

157,

158.

159

160.

161

162

163

164

165

Clay shale, soft, probably bentonitic; contains

ironstone lenses - - ___ . _____ . _______________
Carbonaceous shale.._________________________
Coal, good grade__ __ ______________________.___
Silty shale, brownish-gray_____________________
Sandstone, very fine grained; contains coaly wood

fragments perpendicular to bedding.__________
Inaccessible. Shale and siltstone, interbedded;

about 80 percent isshale____________________
Coal and bony coal _____ . _________
Silty shale, clay shale, and siltstone; 90 percent is

Coaly shale, with coal interbed 10 in. thick______
Sandstone, medium-light- and light-olive-gray,
very fine to medium-grained; weathers yellowish
brown to bright yellowish orange, massive and
hard in lower 7 ft, platy and moderately friable
in upper part; siltstone interbeds in upper 2 ft,
very soft, possibly bentonitic; ironstone lenses
inlower 15 ft______________________________
Siltstone; platy with spheroidal weathering in
lower part, grades upward to more massive
type. Sandstone and shale interbeds in upper
part, with ironstone nodules in shale__________
Clay shale . _________________________________
Coal, good grade.. . __________________________
Coaly shale and clay shale.____________________
Coal, good grade_____________________________
Siltstone and silty shale, interbedded_ - _________
Clay shale, silty shale, and siltstone; interbedded;
80 percent is iron-stained shale_______________
Siltstone and silty sandstone; massive unit,
weathers light brown_ ______________________
Coaly shale and clay shale______ _______________

Siltstone _ _ __ _ . _____
Coal and coaly shale__________________________
Silty shale . _________ . _____
Sandstone, yellowish-gray, very fine grained,
laminated and crossbedded; gradational to
siltstone inupper 1 ft_______________________
Sandstone, as in unit 155; gradational to siltstone
and interbedded silty shale in upper 3% ft.
Abrupt contact with unit below______________
Siltstone, claystone, and clay shale; interbedded;
50 percent is siltstone, in beds as much as 124 ft

Coaly shale. . ________________________________
Clay shale, with thin siltstone interbeds.________
Siltstone, massive_ _________________________._
Clay shale, silty shale, and siltstone; interbedded;
80 percent is shale; siltstone beds as much as
2 ft thiek ____ __ o ____
Clay shale; contains ironstone nodules and one
214t siltstone bed____ . ____________________
Sandstone, light-olive-gray, very fine grained to
silty, massive, finely crosshedded; contains
coaly fragments____________________________
Siltstone, claystone, and clay shale; interbedded;
60 percent is siltstone; ironstone nodules com-

Sandstone, as in unit 163; with carbonaceous
partings. . _ .

Thickness
(feet)

6+

1
.7

40+

17

2+

L .

W W

11

10



166.

167.

168.
169.

170.

171.
172.

173.
174.
175.
176.

177.
178.
179.
180.
181.
182.
183.

184

185.
186.
187.
188.

189.

190.
191.
192.
193.
194.
195.

196.
197.
198.
199.

200.
201.

202.

203.
204.

205.
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Siltstone and silty shale, interbedded; grades
downward to sandstone as in unit 163 but fine
grained_ _ _______________________________.__

Siltstone and silty shale, interbedded; 70 percent
is siltstone, in beds as much as 214 ft thick_____

Siltstone and shale, interbedded; shale very soft__

Siltstone, medium-dark-gray, massive in lower
part, nodular in upperpart__________________

Clay shale, dark-gray, weathers medium to
medium dark gray, fissile to blocky, beds usually
less than 1 in., and commonly % to % in. thick__

Coal, good grade, thin partings_________________

Clay shale, as in unit 170; but with thin coal
lenses and coaly shale in lower 1 ft. Grades
downward into unit below__________________

Coal, blocky, good grade______________________

Claystone, massive, soft; with conchoidal fracture.

Coal, blocky, good grade______________________

Clay shale, as in unit 170; with 20 percent inter-
bedded claystone_____________ . ___________

Clay shale and claystone, as in unit 176__._______
Coal, blocky, good grade. Not entirely accessible_
Clay shale and claystone, as in unit 176_________
Coal, blocky, good grade_ _____________________
Clay shale, asinunit 170 ____________________
Coal, blocky, good grade______________________
Clay shale, as in unit 170; with 10 percent clay-

stone occurring as lenses_ ___________._______
Coal, blocky, fair to poor grade________________
Clay shale, asinunit 170_____________________
Coal, blocky, fair to good grade_ .. _____________
Clay shale, as in unit 170; but with 20 percent

interbedded siltstone________________________
Sandstone, medium-gray, medium-grained, salt-

and-pepper, blocky, finely crossbedded; weath-

ers yellowish-gray; lenticular unit____________
Clay shale, asinunit 170_________ ___________
Sandstone, asin unit 189______________________
Clay shale, asin unit 170_____________________
Sandstone, as in unit 189______________________
Clay shale, asinunit 170___ __________________
Siltstone, medium-dark-gray, weathers medium-

gray, soft to hard, platy, finely crossbedded;

contains plant fragments and fucoidal markings

at base_____ o _______
Coal, blocky, good grade______________________
Clay shale, asinunit 170___ __________________
Coal, blocky, good grade__________.____________
Clay shale, as in unit 170; interbedded with 10

percent siltstone lenses___ __ _________________
Coal, blocky, good grade___________________.___
Clay shale, as in unit 170; orange weathering in

Coal, blocky, good grade_ _____________________
Clay shale, as in unit 170; but very fissile. _ _____
Siltstone, as in unit 195; interbedded with fine-
grained salt-and-pepper sandstone. Beds 6 to
10 in. thick, separated by thin shale partings__
Silty shale, medium-gray; weathers medium-light-
gray, fissile; contains ironstone nodules________

Thickness
(feet)

5.5
4.5
4.5
5

21

80+
2+

38
94

1.1
16
3.5+

50+
1.4

35
2.8

30

206.

207.
208.
209.
210.
211.
212.
213.
214.
215.

216.

217.
218.
219.
220.
221.

222.
223.
224.

225.

226.
227,
228,
229.

230.

231.
232.
233.

234.
235.
236.
237.
238.
239.
240.
241.
242.

243.

244,
245.
246.
247.
248.
249.
250.
251.

Thickness
(feet)
Sandstone, as in unit 189; but pale yellow brown
and fine to very coarse grained, moderately
friable, slightly calcareous; gradational down-
ward into unit below._ _ ____________________ 15+
Siltstone, platy; beds 1 to 6 ft thick____________ 13+
Shale and carbonaceous shale__________________ 6+
Siltstone_ - __ . 1+
Shale. - _ o 7+
Siltstone_ . - o ____ 1+
Shale_ __ .. 2+
Sandstone, massive___ .. _______________._____ 3+
Mud covered. Float of shale and coaly shale____ 6+
Siltstone and shale, interbedded; beds as much as
1ft thiek__.____ . . 5+
Shale, with coaly shale and thin beds of coal at
7 to 10 ft above base_ - - _ ______ . _________ 17 +
Sandstone, massive___________________________ 3.5+
Coaly shale .. __ ___ . _. 4+
Coal, massive; prismatic fracture; good grade.___ 7+
Coaly shale, with ironstone nodules_____________ 2+
Siltstone or sandstone, massive; beds as much as
2 ft thick, with shale interbeds to 6 in. thick___ 6+
Shale_ . _ o ____ 13+
Siltstone, massive_ ___________________________ 4+
Coaly shale and coal; about 70 percent is shale;
coal beds less than 1 ft thick_________________ 7+
Siltstone and shale, interbedded; siltstone beds
massive, less than 1 ft thick.____.___________ 4+
Shale_ __ .. 18+
Sandstone or siltstone, massive_________________ 44
Shale, with coaly shale in upper part___________ 13+
Siltstone, massive; appears to thicken westward
to 2 ft . 1+
Clay shale with ironstone nodules, 90 percent;
light-gray bentonitic(?) mud about 15 ft above
base; coaly shale in upper part_______________ 35+
Sandstone or siltstone, massive. . _______________ 1.5+
Shale, and mud flow__________________________ 11+
Siltstone and sandstone, with interbeds of shale;
beds as much as 6 ft thick; resistant unit______ 16 +
Shale; grades upward to siltstone_______________ 5+
Coal . 1+
Siltstone and shale, interbedded ________________ 2.5+
Siltstone, massive_ . _________________________ 2.5+
Shale_ __ . 44+
Siltstone(?), massive____ . _____________________ 1+
Shale_ .. 13+
Coal, with prismatic fracture, good grade________ 24
Coaly shale and bony coal; may include some thin
coal beds of good grade_ ____________________ 44
Bentonitic(?) claystone; light-gray clay in upper
6in____ o ____. 3+
Clay shale, very soft._ ... ______________ 5+
Siltstone, massive_ - __________________________ 54
Clay shale; contains 1 ironstone lens 6 in. thick___ 7+
Sandstone or siltstone, massive.________________ 44
Shale, with interbeds of ironstone_ . ____________ 124
Sandstone__ __ . ___ . _________ 44
Shale_ . _ . 2+
Siltstone and shale, interbedded; siltstone is in
beds about 1 to 8 in. thick_ . ________________ 44
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252. Shale, with light-gray bentonitic(?) mud in middle
253.
254.
255.
256.

Sandstone, salt-and-pepper_ ___________________
Coaly shale. .. ______________________________
Shale, with thin siltstone interbeds_ . __________
Sandstone, fine- to coarse-grained, salt-and-

pepper, massive to flaggy; beds as much as 4 in.

thiek o ____._
Siltstone and silty shale, blocky ... _.__________
Siltstone, massive to bloeky. . __.______________
Mostly mud covered. Shale, with 20 percent of

thin siltstone interbeds______________________

257.
258.
259.

260.
261.
262.

Coaly shale and shale, interbedded. . ___________
Sandstone or siltstone lens; thickens westward to
263. Shale, siltstone, and coaly shale; interbedded;
80 percent is shale; siltstone beds less than 1 ft
thick; scattered ironstone nodules_ . __________

Total thickness_ _ .. ____ . ____ . _______
Base of member.
Conglomerate member:

1. Sandstone, salt-and-pepper; massive beds as much
as 5 ft thick in lower part, 15 ft thick in middle
part, and flaggy or platy beds as much as 1% ft
thick in upper part. Interbedded lenses of chert
conglomerate and ironstone conglomerate_______

2. Coaly shale and coal. Coal includes 5 beds esti-
mated to be 1 to 3 ft thick, of good grade______

3. Conglomerate and sandstone; conglomerate in
lenticular beds, estimated to compose 75 percent
of unit, contains subround to subangular pebbles,
granules, and cobbles as much as 4 in. in diameter
of gray, black, grayish-red, and grayish-green
chert, white quartz, coal, ironstone, hard gray
sandstone, coaly wood fragments, black, gray
and grayish-red quartzite, and light-gray silicic(?)
igneous rock. Matrix of siltstone and sandstone,
estimated 30 percent of rock, moderately hard
to friable. Sandstone lenses of salt-and-pepper,
medium-gray, massive to blocky, weathers
yvellowish gray. Massive unit_ . _____________

4. Sandstone, coarse-grained, salt-and-pepper similar
to that in unit 3. Massive unit_______________

5. Inaccessible. Shale, possibly including coal beds;
appears to thin eastward__.__________________

6. Sandstone, similar to unit 3. Massive unit_______

7. Conglomerate and sandstone, interlensed, as in
unit 3____ o _____

8. Siltstone, medium-dark-gray, hard, finely cross-
bedded; weathers medium gray, in massive beds
as much as 8 ft thick; contains shale interbeds in
upper part, including coaly shale at top________

9. Coal, blocky, good grade__ __ . ____ . _____________

10. Siltstone, massive_ ____________________________
11. Siltstone and shale, as in unit 8, but lighter in color._
12, Siltstone and clay shale, interbedded; 70 percent is

siltstone, as inunit 8__ ______________________
13. Clay shale, grades downward to siltstone; 60 per-

cent is shale; contains ironstone nodules_ . _____
14. Pebble conglomerate, as in unit 3

EXPLORATION OF NAVAL PETROLEUM

Thickness

(feet)

134
2.5+
1+
5+

12+
8+
5+

154
1.5%
3+

24+

17+

2,767+

50+

28 +

60 +
50L

10+
60+

28

RESERVE NO. 4, ALASKA, 1944—53

15. Covered___ . _____
16. Siltstone and clay shale, interbedded _____________
17. Siltstone, as in unit 8; laminated, with carbona-
ceous partings near top.- - . ... _______
18. Clay shale, dark-gray, weathers medium-gray, fs-
sile, soft; contains few lenses of ironstone; brown-
ish-weathering clay shale at top_______________
19. Conglomerate and sandstone; interbedded; similar
to unit 3, but conglomerate constituents mostly
pebbles and include grayish-green igneous rock.
Some thin ecoaly beds__ . ____________________
20. Pebble conglomerate as in unit 19, but with thin
coal interbeds. Abrupt lower contact_________

Total thickness . - ___________________
Base of member.
Coal and sandstone member:

1. Clay shale, dark-gray, fissile to blocky, soft; beds
average % to 4 in. but maximum is 1 in.; weathers
medium to medium dark-gray__ . ______.____.__

2. Clay shale, as above; includes lens of sandstone and
conglomerate with yellowish-gray fine- to coarse-
grained moderately hard to friable salt-and-pep-
per matrix and pebble- to small boulder-size
constituents of chert, white quartz, coal, iron-
stone, hard sandstone, and coaly wood fragments

3. Sandstone, medium-gray, coarse-grained, subgray-
wacke, massive, laminated and cross-bedded;
with thin carbonaceous shale partings; weathers
yellowish gray and yellowish orange; thin bedded
inupper part_ . ___ ...

4. Coal, blocky, good grade_ . ____________________

5. Clay shale, as in unit 1; interbedded lenses of yel-

lowish-gray siltstone, weathering yellowish orange;
some coaly shale and claystone. Grades into
unit below._ - ___ ...

Coal, blocky, good grade. Grades into unit below.__

Clay shale and siltstone, asinunit5_______________

Coal, with thin shale partings; poor grade__________

Clay shale and siltstone, asinunit 5. ______________

Coal, blocky, good grade_ .- _______________

Clay shale and siltstone, as in unit 5; 70 percent

oL XN

et

12. Clay shale, asinunit 1. .. _.__.____
13. Siltstone, sandstone, and conglomerate; siltstone
is medium dark gray, soft to hard, platy, finely
crossbedded, weathers medium gray; occurs in
upper 15 ft and grades downward into massive
sandstone as in unit 3, with thin interbeds of coal
and conglomerate lenses as much as 4 in. thick
and 2 ft long. Conglomerate, as in unit 2, in
basal 3 ft of unit____________ .
14. Clay shale, coaly shale, and coal; interbedded;
80 percent is fissile shale; coal beds about one-
quarter inch thiek__ _____ . ___ .. ..
15. Clay shale, and claystone, interbedded; some coaly

16. Coal, blocky, good grade- - - _ - .. _________.
17. Clay shale,asinunit 1_____.__________________.
18. Siltstone, as in unit 13; thin bedded in upper part_. .
19. Clay shale, as in unit 1, but fissile.________________
20. Siltstone, asin unit 13, but massive_ ... ______.___

Thickness

(feet)
50

70

6353

48

30+

58

)

R N =



21.

22.

23.

24,
25.
26.
28,
29.
31.
32.
33.
34.
35.
36.
37.

38.

39.

40.

41.
42,
43.

44.
45.
46.

47,

48.

49,

50.
51.
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Clay shale, coaly shale, and coal; interbedded;
60 percent is clay shale, as in unit 1; coal beds
about one-half of an inch thick________________

Clay shale, as in unit 1, with 20 percent of coaly
shale and eclaystone__________________________

Sandstone, medium-gray, weathers medium light
gray to yellowish gray and yellowish orange,
crossbedded, platy to nodular; contains thin coal
lensesnear base_____________________________

Clay shale, as in unit 1_________________________

Sandstone, medium-dark-gray, weathers light and
yellowish gray, salt-and-pepper, hard; one
lenticular bed_ - __________________________

Clay shale, as in unit 1_________________________

Coal and coaly shale, poor grade_________________

Clay shale, as in unit 1; includes few lenses of
siltstone______________________________

Coal, blocky, good grade___________________.___

Clay shale, as in unit 1, fissile___________ e

Claystone and clay shale, interbedded; massive
appPearance - - .- ... _.__

Coal, blocky, good grade_ ... ___________________

Siltstone and salt-and-pepper sandstone, inter-
bedded; medium-dark-gray; weather yellowish
gray; lenticular, hard . ________________________

Clay shale, as in unit 1; with 10 percent interbeds
of siltstone and carbonaceous shale_____________

Coal, blocky, good grade; some coaly shale at top
and bottom_________________________________

Clay shale, with thin coal interbeds and one iron-
stonelens____________ . ______________.___

Coal, blocky, good grade_ ______________________

Clay shale, medium-gray, weathers medium light
gray and yellowish orange; contains 10 percent
of carbonaceous black fissileshale_______________

Siltstone, as in unit 13, blocky, hard; in beds as
much as 1 foot thiek_________________________

Clay shale, claystone, and carbonaceous shale;
interbedded; 70 percent is shale_______________

Coal, blocky to fissile
Clay shale, fissile

Sandstone, coarse-grained, salt-and-pepper, finely
laminated and crossbedded, massive to blocky;
weathers grayish yellow; ironstained on fracture
surface, with thin shale and siltstone partings___

Clay shale and claystone, nodular to fissile; with
20 percent interbeds of siltstone as in unit 13- __

Coal, blocky, good grade

Siltstone, as in unit 13; but weathers grayish yellow,
and with few interbeds of coal about one-half
inch thick

Clay shale and sandstone; sandstone is fine grained,
massive, crossbedded, mostly in lower part of
unit, in lenses from 1 to 6 ft thick; 60 percent is

Clay shale and claystone, interbedded; 80 percent
is shale

Siltstone, as in unit 13, but weathers grayish yellow;
beds 6 in. to 2 ft thick

Clay shale._______ . ______
Coal, blocky, good grade
544908 O-61—7

Thickness
(feet)

10

22,5

48
12+

5+
25

34

10. 5

34.7

11. 5

75

10

37. 4

18.7

95

40. 8

52.

53.
54.
55.

56.
57.

58.

59.

60.
61.
62.

63.
64.

65.
. Shale and clay shale carbonaceous; with coal inter-

67.
68.
69.

70.

Clay shale, claystone, and siltstone; interbedded;
20 percent is siltstone, as in unit 13, lensing;
70 percent isshale_ .. ________________________

Coal and carbonaceous shale, interbedded________

Clay shale, fissile; weathers grayish yellow________

Sandstone, yellowish-gray, weathers grayish yel-
low, fine-grained, well-sorted, crossbedded, mod-
erately hard to friable; contains plant fragments
and ironstone nodules; thin bedded with shaly
interbeds near top, and grades downward to
massive at base. Lenticular unit_____________

Clay shale, asinunit 1.________________________

Siltstone, as in unit 49, lenticular; interbedded with
clay shale as much as 6 in. thick_ _____________

Clay shale, claystone, and siltstone; interbedded;
85 percent is shale with claystone beds as much
as 3 in. thick and siltstone lenses as much as 4 in.

Clay shale and claystone; 90 percent is shale______
Sandstone, as in unit 55 ___________
Clay shale and siltstone, interbedded; 70 percent is

shale; siltstone as in unit 49 but in thinner beds. -
Coal, blocky, good grade. - __ . _________________
Clay shale and claystone, interbedded; 80 percent

Sandstone, as in unit 55; beds 6 in. to 3 ft thick___

beds as much as 3 in. thick; 75 percent is shale__
Clay shale, asinunit 1. ______________________
Coal, blocky, good grade___ . __________________
Clay shale and siltstone, interbedded. Siltstone as
in unit 49; 80 percent is shale.________________
Sandstone, similar to unit 55, but friable; contains
thin beds of medium-gray sandstone___________

Total thickness_ - - oo~

Base of member.
Shale member:

1.

o

Clay shale and claystone, interbedded, dark-gray,
fissile to blocky; weathers yellowish orange, con-
tains scattered plant fragments; a few thin lenses
of yellowish-gray fine-grained moderately hard
sandstone; contains coaly fragments; 80 percent
isshale_ _ __ _____ .-

. Coal, blocky, good grade_______ . _______________
. Clay shale and claystone, interbedded; 75 percent

isshale_ . - ____ o _____-

. Sancstone, coarse-grained, salt-and-pepper, uni-

form, hard; weathers grayish yellow; lenticular

. Clay shale and claystone, interbedded, 90 percent

isshale_ _ _ _ oo

. Sandstone and siltstone, interbedded; sandstone is

similar to unit 4, with interbeds of medium-dark-
gray soft to hard platy finely crossbedded silt-
stone containing plant fragments and thin
interbeds of shale. Lenticular unit_.________.

. Clay shale and claystone, dark-gray, weather me-

dium to medium dark gray, fissile to blocky;
beds usually less than 1 in. thick and averaging
one-half inch_ _ __ _________________ . ____.____.
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Thickness
(feet)

e
© o O

14+
20.1

15+

13.3
25+

1, 407

85
1.3
39

5+

52

20+

10



116

©

10.

11.

12.
13.
14.

15,
16.
17.
18.

19.

20.

21.

22,

. Coal, with few thin interbeds of clay shale
. Carbonaceous shale, clay shale, and coal; interbed-

ded; 90 percent is shale; coal in thin lenses_ _ ___
Siltstone; similar to that in unit 6 and highly iron-
stained, with beds 6 to 10 in. thick. Lenticular

Clay shale and claystone, interbedded; shale
weathers yellowish orange in part.___________
Coal, blocky to fissile, fair to good grade_________
Sandstone, as that inunit 1. ____ _ ____ . ____
Clay shale and claystone, interbedded as in unit 1;
80 percent is shale, with few thin coal lenses and
scattered plant fragments____________________
Coal, bloeky__ ___ __ o _____
Clay shale and claystone, interbedded, as in unit 1_
Coal, blocky to platy, fair to good grade.________
Clay shale and claystone, interbedded, as in unit 1;
but 70 percent isshale_______________________
Coal, asinunit 17__________ . ____
Clay shale and claystone, interbedded, as in unit
1; but with 10 percent of scattered interbeds of
of siltstone; 70 percent is shale________________
Siltstone, similar to that in unit 6, but finely
laminated. .- _____ . __________________._.____
Clay shale, claystone, and coal; interbedded; 80
percent is shale; coal restricted to middle part;
lower part heavily iron stained________________

Total thickness_ _ ... __ . ____._____

Base of member.
Lower sandstone member:

1. Sandstone,

. Siltstone, as in unit 4, highly fractured
. Clay shale and claystone, nodular; grades into

medium-light-gray, weathers light
olive gray, medium- to fine-grained, salt-and-

pepper, hard, crossbedded and laminated,
massive to blocky. Contains carbonaceous
fragments_________________________________

Clay shale, claystone, and siltstone; interbedded;
80 percent is fissile to nodular shale, in beds
Y%-Y% in. thick, locally iron stained. TFew
scattered coal beds, one-quarter inch thick____

Claystone, in upper part; grades downward to
clay shale and to massive siltstone in lower
part. Yellowish-orange weathering throughout
unit

. Clay shale and siltstone, interbedded; 70 percent is

fissile shale, in Y%-inch uniform beds. Siltstone
is medium-dark gray, hard, micaceous, carbo-
naceous, with irregular splintery fracture.____.

. Sandstone, similar to unit 1, massive, hard; con-

tains conglomerate lenses and large coaly wood
fragments at base. Highly fractured._ _______

. Clay shale, claystone, and siltstone; interbedded;

siltstone as in unit 4; claystone and shale
nodular to fissile, locally iron stained, 80 percent'
of unit. One coal interbed 1.4 ft thick 4 ft
below top_ . ___ . _________________________

unit below

Thickness

(feet)
1.5

10
12+
150

1.4
15. 8

150

229
1.4

148
13

215. 3

8.9

81. 2

1,238+

25+

68

73. 8

60 +

18
17. 7

13. 4

10.

11.

12.

13.

14.
15.

16.

17.

18.
19.

20.

21.
22,
23.

24.
25.
26.
27.
28.

29.
30.

31.

32.

33.
34.
35.

36.
37.

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944—53

Sandstone, as in unit 1; contains large coaly wood
fragments and prominent crossbedding. Grades
upward into siltstone_ _ __ ___________________

Clay shale, claystone, and siltstone; interbedded;
70 percent is shale and claystone fissile to
nodular; thin interbeds of coal and carbona-
ceousshale_ _______________________________

Sandstone, similar to unit 1; grades upward into
siltstone with few shale partings. Massive unit_

Clay shale, claystone, and coal; interbedded; shale
and claystone beds to one-half inch thick,
nodular, iron stained, make up 80 to 90 percent
of section; coal in scattered beds less than one-
half ineh thiek . __________________

Siltstone, as in unit 4, but weathers grayish yellow _

Clay shale and claystone, interbedded; claystone
is massive to nodular; beds as much as 5 in.

Siltstone, as in unit 4, highly fractured-.________
Clay shale, fissile, highly fractured. Thin coal
beds near base__ . _ _________________________
Sandstone, as in unit 1; one massive bed_ .. _____
Silt shale and siltstone, interbedded; 40 percent is
siltstone as in unit 4; beds as much as 4 in. thick.
One interbed of fissile coal 6 in. thick; thin clay
shale bed at base__ _________________________
Sandstone, medium-gray, very fine grained to
silty, micaceous, carbonaceous; with conglom-
erate lens 6 in. thick 15 ft below top that con-
tains pebbles and cobbles of chert, white quartz,
sandstone, coal, and ironstone. Unit thickens
westward from 50 to 75 ft__ . _____________
Coal and carbonaceous shale; coal at base, thick-
ness poorly defined. . .- ________________
Siltstone, asinunit 4. ________________________
Shale and siltstone interbedded 60 percent is shale,
siltstone similar to unit 4. TUpper 20 ft not
accessible______ L ____
Not accessible. Siltstone (?), blocky__.._________
Not accessible. Shale and siltstone, interbedded. - -
Not accessible. Siltstone (?)___________________
Silty shale, fissile beds less than one-half inch

Siltstone, as in unit 4; with thin interbeds of
fissile shale________ . _________
Siltstone, as in unit 4, but insinglebed_.___..____
Shale and siltstone, interbedded; mostly shale;
siltstone is thin bedded; 1 coal bed 1 in. thick.
Siltstone, as in unit 4, but in one massive bed;
plant fragments common.______________.__.___
Siltstone, similar to unit 4; but thinner bedded
and with interbeds of coal about one-half inch
thick and medium-light-gray siltstone as much
as 6 in. thiek. . ____________________________
Siltstone, as in unit 4, but without plant frag-
ments; thin shale beds throughout. Massive____
Siltstone and coal, asinunit32 _____ ___________
Sandstone, as in unit 1; contains pebble con-
glomerate in lower 6 in., and few thin siitstone
interbeds and lenses_. ___________________.____
Siltstone, as in unit 4, highly fractured____.______
Carbonaceous shale, with coal interbeds less than
one inch thieck_____________ . ______________

Thickness

(feet)

24
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38.
39.

40.

41.

42,
43.

44,
45.

46.
47.

48,
49.
50.
51.

52,

53.
54.

55.

56.
57.
58.
59.

60.

61.

62.

63.

64.

GEOLOGY OF THE UTUKOK-CORWIN REGION, NORTHWESTERN ALASKA

Coal, good grade_ ____________________________
Siltstone and silty shale, interbedded; 50 percent
is siltstone, as in unit 4; grades into unit below._ _
Siltstone, as in unit 4; with very fine-grained
sandstone interbeds____________________ _____
Clay shale, silty shale, siltstone, and sandstone;
interbedded; 80 percent is shale, includes 50
percent medium-gray soft clay shale that
weathers yellowish orange, with whitish efflo-
resence on some surfaces; sandstone in beds as
much as 3 ft thick; minor amounts of coaly
Coal and coaly shale__________________________
Silty shale, clay shale, siltstone, and sandstone;
interbedded; 60 percent is shale, in interbedded
units as much as 10 ft thick; siltstone as beds
and lenses as much as 4 ft thick, with shaly
interbeds; one 2-ft bed of sandstone
Coal, fairgrade_______________________________
Silty shale, clay shale, siltstone, and sandstone,
asinunit 43____ ___ ________________________
Silty shale and siltstone, interbedded____________
Sandstone, very fine grained to fine-grained;
partings at intervals of less than 1 ft; some
interbedded siltstone. . _________________
Silty shale and clay shale . ________________ ___
Siltstone____________ o ______
Silty shale and clay shale, interbedded____________
Silty shale, with thin interbeds of siltstone; 70
percentisshale.____________________________
Bony coal and coaly shale. ____________________
Clay shale_____ __ . _ o ________
Siltstone and sandstone, massive; medium-dark-
gray very fine grained to fine-grained sandstone
in upper 15 ft, grades downward to siltstone_ _ _ _
Clay shale and silty shale; interbedded; contain
ironstone nodules, one 3-ft thick siltstone inter-
bed, and one coaly tree trunk 5 ft long, 8 in.
in diameter, perpendicular to bedding_________
Siltstone, massive, with conchoidal fracture______
Bony eoal _____ L _______
Clay shale, silty shale and siltstone; interbedded;
grades downward into_ _ _ __ _________________
Siltstone, massive; weathers yellowish gray in
lower 2 ft; abrupt contact with unit below____
Clay shale, with thin siltstone lenses; grades
downward intounit 61 _____________________
Note: Units 61 through 65 form resistant section.
Siltstone, thin-bedded; with interbeds and lenses
of very fine grained to medium-grained sand-
stone and coaly beds and lenses as much as 6 in.

Sandstone and siltstone, as in unit 61, but sand-
stone dominant_ ___________________________
Sandstone, fine- to medium-grained, weathers
vellowish-orange; platy beds less than 1 ft
thick and minor amounts of siltstone in upper
part; grades downward to massive beds and
lenses in lower part_________________________
Sandstone, medium- to olive-gray, medium-
grained, salt-and-pepper, hard, very massive;
single bed, grades into unit below

Thickness

(feet)

1.3

10.

8

5

7

40+

18

53

7+

25+

22

25

27

~3 Ot

65.

66.
67.
68.

69.

70.

71.
72.

73.

74.

75.
76.

77.

78.
79.

80.
81.
82.

83.

84.
85.

86.

87.

Sandstone and conglomerate; sandstone as in unit
64, contains pebble- to cobble-conglomerate
lenses as much as 1 ft thick, lenses of ironstone
nodules, and lenses of coaly material__________

Clay shale, olive-gray_____._ .. ___________._____

Coal, good grade_ . __ . ________________________

Siltstone, nodular to platy, with interbeds of
silty ironstone. _ _ _____ _____________________

Silty shale, siltstone, and very fine grained sand-
stone interbedded in beds as much as 6 in.
thick; 50 percent is shale; coaly shale and clay
shale in upper 6 in____ .. __________________

Note: Units 70-72 form resistant section.
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