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EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4 AND ADJACENT AREAS, NORTHERN ALASKA, 1944-53

MICROPALEONTOLOGY OF THE MESOZOIC ROCKS OF NORTHERN ALASKA

By Harvaxn R. BereqQuist

ABSTRACT

During the period 1944-53, more than 15,000 samples from
outcrops and subsurface rocks were studied as part of the U.S.
Navy’s petroleum exploration in northern Alaska. More than
4,100 outcrop samples were collected from the foothills province,
and more than 11,000 subsurface samples were taken from 81
test holes and core tests drilled by the U.S. Navy.

Rocks of Paleozoic to Pleistocene age are represented, but
the bulk of the samples are from rocks of Cretaceous age. Each
Cretaceous formation, including its microfauna, is discussed,
and six microfaunal zones are described. From the oldest to
youngest, these are the Gaudryina tailleuri and Verneuwilinoides
borealis zones of Albian age, the Gaudryina irenensis—Troch-
ammina rutherfordi zone of Cenomanian age, the Hedbergella
loetterlei-Heteroheli:: globulose and the Pseudoclovuling has-
tata—Arenobulimina torule zones of Turonian age, and the Neo-
bulimina canadensis zone of Senonian age. Faunal subzones
occur in some of these zones. The microfaunas found in samples
from each test hole and several core tests are described and
listed on faunal charts. Strata in the Umiat field, the Barrow-
Simpson-Fish Creek area, and the Topagoruk area may be cor-
related by means of faunal zones and horizons.

INTRODUCTION

During the period 1944-53, the U.S. Navy conducted
a program of petroleum exploration in Naval Petro-
leam Reserve No. 4 in northern Alaska. The U.S.
Geological Survey cooperated with the Navy in various
phases of this program. Drilling of 45 core tests and
36 test holes was accompanied by geophysical surveying
and field and photogeologic work. Locations of the test
wells are shown in figure 33.

The wells were drilled by the Seabees and by Aretic
Contractors, Inc.; United Geophysical Co. was respon-
sible for much of tie seismic and gravity work, and an
airborne-magnetometer survey was made by the U.S.
Geological Survey. Extensive field and photogeologic
studies were also made by the Survey.

During the exploration, in order to obtain informa-
tion needed in the program, samples from the wells, core
tests, and several hundred seismograph shot holes, as
well as samples from outcrops, were studied for litho-
logic character, fossil content, porosity, and permeabil-

ity in a laboratory maintained by the U.S. Geological
Survey at Fairbanks, Alaska.

This report presents the results of an exhaustive
study of the microfossils found in approximately 15,000
samples representing rocks of Paleozoic to Tertiary
age; these samples were collected from the subsurface
by well drilling and from the outcropping rocks by
U.S. Geological Survey geologists. Because Creta-
ceous rocks form the greater part of the sections pene-
trated in the subsurface, they are the subject of much
of this discussion. Six microfaunal zones and two sub-
zones have been distinguished in the Cretaceous strata.

Most of the fossil names used in this report conform
to current usage, but it was impracticable to make
some of the more recent nomenclatural changes. For
example, the genus Pallaimorphina Tappan 1957 de-
seribed from Lower Cretaceous rocks in northern Alaska
and cited extensively in this report, has recently been
placed in synonomy with Quadrimorphina Finlay, 1939
(Loeblich, Tappan, and others, 1964). The reader
should consult the section on “Classification of Foram-
inifera” in the “Treatise on Invertebrate Paleontol-
ogy” (Loeblich, Tappan, and others, 1964) for possible
additional changes.
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Bender, who efficiently prepared a great number of
samples, and to Mrs. Tatiana Ashurkoff and Mrs. Au-
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F1cURE 33.—Location of test wells in northern Alaska.

zones. The subsurface lithologic data supplied by
Mrs. Florence Collins and Mrs. Florence Weber were
also very helpful.

PREVIOUS WORK

Preliminary determinations of the age of the sequence
of Cretaceous beds in NPR—4 were published by Helen
Loeblich (Tappan, 1951b, 1960) and by Gryc, Patton,
and Payne (1951) ; more recently the Cenomanian age
of the Ninuluk Formation and the middle to late Al-
bian age of the Grandstand and Tuktu Formations were
more precisely determined by Imlay (1961). Regional
stratigraphic relationships determined by Payne (1951)
as the result of his excellent work on facies studies of
northern Alaska have been modified only slightly in
recent years, and his conclusions are similar to those
based on microfossil studies for the formations. The
paleontological relationships of the formations of Al-
bian and Cenomanian age as determined by Imlay
(1961) from his recent studies corroborates relation-
ships based on microfossil studies which I made during
the time of active petroleum exploration in the Reserve.

Taxonomic studies on the Foraminifera were made
by Mrs. Loeblich (Tappan, 1951a, b, 1955, 1957, 1962),
and the biostratigraphy of Cretaceous Formaminifera
from northern Alaska has been presented by the same
author (Tappan, 1960).

Brief preliminary reports on the microfossils found
in most of the test wells and on the microfaunal zones
in the Cretaceous rocks have been published (Bergquist,
1956b, 1958a, b, c, d, e, 19592, b). A small fauna of
possible Miocene or Pliocene age was described by Todd
(1957) ; the fauna, collected from the Carter Creek area
near the northeastern Arctic coast of Alaska, represents
the only microfossils of possible Tertiary age that were
found throughout northern Alaska. Late Paleozoic
arenaceous Foraminifera and Middle to Late Triassic
conodonts have been noted in samples collected over an
area of more than 250 miles in an east-west direction
parallel to the Brooks Range, south of the Colville River
(Bergquist, 1960). Lithologic descriptions of the sec-
tions penetrated in the test wells have been made by
Collins (1958a, b, ¢, 1959, 1961) and Robinson (1956,
1958a, b, 1959a, b) and by Robinson and Collins (1959).

SURFACE SAMPLE STUDIES

All outcrop samples examined for microfossils for
each stratigraphic unit are listed in table 1. Of the
4,126 outcrop samples collected for microfossil studies,
1,882 were fossiliferous; of this number, 1,597 were
from Cretaceous rocks. Triassic microfossils found in
outcropping rocks in the Sadlerochit area of northeast-
ern Alaska are tabulated in table 2. The relative abun-
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TABLE 1.—Stratigraphic distribution of surface samples

Stratigraphic position known

Tertiary rocks

Pliocene and Miocene rocks undifferentiated
Sagavanirktok Formation

Cretaceous rocks

Ignek Formation—upper part_ .. __________________________
Ignek Formation—lower part.__
Ignek(?) Formation. _____________._____________
Kogosukruk Tongue of Prince Creek Formation_____

Sentinel Hill Member of Schrader Bluff Formation.____
Barrow Trail Member of Schrader Bluff Formation. __

Rogers Creek Member of Schrader Bluff Formation
Rogers Creek Merber and Tuluvak Tongue undlﬁerentlated.
Tuluvak Tongue of Prince Creek Formation
Ayiyak Member of Seabee Formation._____
Shale Wall Member of Seabee Formation. _
Niakogan Tongue of Chandler Formation. .
Ninuluk Formation____._.________________

Killik Tongue of ChandlerFormation. .. _____
Killik Tongue and Grandstand Formation. _.
Grandstand Formation
Tuktu Formation_.___
Corwin Formation..__
Kukpowruk Formatlon_.,
Toro! Formatxon—uppet

Torok Formation—* mlddle" part
Torok Formation—lower part_____._
Torok Formation undifferentiated. ..
Torok(?) Formation_____.__.________
Fortress Mountain Formation_._.______________
Fortress Mountain or Okpikruak Formation. __
Okpikruak Formation

Kingak Formation_______________
Tiglukpuk Formation

Shublik Formation.________ ...
Permnm(‘?) rocks

Siksikpuk Formation___. __

Siksikpuk(?) Formation

Sadlerochit Formation._.

Mississippian rocks
Lisburne Group. ... il
Lisburne(?) Group._ ...
Black chert and shale member of Alapah Limestone
‘Wachsmuth Limestone

Kayak Shale____________
Nuka Formation

0 B

—
-

OO W

Stratigraphic position doubtful

Colville Group undifferentiated . _________.___________________
Lower Cretaceous undifferentiated.
Cretaceous rocks undifferentiated. .
Cretaceous(?) rocks_ . _______________________
Cretaceous or Jurassic rocks undifferentiated
Lower Cretaceous or Jurassic recks:
Fortress Mountain or Tiglukpuk Formation_.
Okpikruak Formation or Jurassic__..._....__._
Okpikruak Formation or Tiglukpuk Formation._
Fortress Mountain or Okpikruak Formation or J urassic.__
Lower Cretaceous or Triassicrocks. ... ... . ___._...____
Lower Cretaceous, Jurassic or Triassic.._
Jurassic rocks undifferentiated
Jurassic rocks—lower part______
Jurassic(?) rocks______._____
Jurassic or Triassic rocks. ..._
Jurassic or Carboniferous rock:
Triassic rocks undifferentiated._ _ .
Triassic or Permian rocks._.__.__
Permian rocks undifferentiated
Permian(?) or Jurassic rocks:
Siksikpuk or Tiglukpuk Formation

Carboniferous rocks undifferentiated.._.__
Mississippian rocks.__.._____
Mesozoic or Paleozoic rocks.
Devonian rocks....____._.

Paleozoic rocks_..
Age unknown
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dance of characteristic microfossils for groups of
outcrop samples from each Cretaceous unit, the avail-
able stratigraphic data, quality of specimens, and ratio
of specimens to species are tabulated on tables 3-15.
The comparative abundance of microfossils of Early
Cretaceous age—identified in 781 outcrop samples from
the Fortress Mountain, Torok, Grandstand, and Chan-
dler Formations and in 418 outcrop samples from for-
mations of Late Cretaceous age—are shown on bar
charts (pls. 13, 14).

Data from seismograph shot holes other than those
in the Shaviovik area (Keller and others, 1961) are not
included in this report as much of the data concerned
only Pleistocene beds. Some data on microfossil sam-
ples have been published in areal geologic reports: the
Shaviovik and Sagavanirktok Rivers region (Keller
and others, 1961), the Utukok-Corwin region (Chap-
man and Sable, 1960), the Killik-Etivluk Rivers region
(Chapman and others, 1964), and the Chandler River
region (Detterman and others, 1963).

Geographic names used in this report may be located
by referring to Oil and Gas Map OM-126 (Payne and
others, 1951).

STRATIGRAPHIC SUMMARY
PALEOZOIC ROCKS

In northern Alaska, rocks of Paleozoic age are ex-
posed only in the Brooks Range and about 20 miles
northward in the foothills belt. The greatest recorded
thickness, a 7,500-8,000-foot-thick Paleozoic section
that has clastic rocks of Late Devonian age and lime-
stone and dolomite of Early and Late Mississippian age,
was measured in the vicinity of Shainin Lake (Bowsher
and Dutro, 1957). A few hundred feet of rocks of
Permian age overlie this sequence. Relatively few
samples from Paleozoic rocks were collected for micro-
fossil examination (table 1) during the investigation.
No identifiable Foraminifera were found in any of the
60-65 samples collected from rocks older than Permian?
age, but a number of arenaceous Foraminifera were
found in a few samples from the Siksikpuk Formation
(Permian) (Bergquist, 1960).

Most of the Foraminifera from the Siksikpuk For-
mation came from type exposures in the Tiglukpuk
Creek area (lat 68°17’ N., long 151°48" W.), where
approximately 300 feet of red and green shale and silt-
stone crop out above strata of Mississippian age and
below the Triassic Shublik Formation. The section,
which has been described by Patton (1957 ), yielded
specimens of Hyperammina, Thurammina, Reophax?,
Ammodiscus, Qlomospira, Glomospirella, Ammobacu-
lites, Spiroplectammina or Mooreinella, and two or
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three species of Trochammina (7. arenosa Cushman and
Waters? and 7. grahamensis Cushman and Waters?).

Two samples from the Siksikpuk Formation from the
Oolamnagavik River area, approximately 65 miles west
of the type locality, yielded abundant specimens of
Ammodiscus, fragments of Hyperammina, specimens
of Thurammina and Spiroplectammina?l or Moore-
inella? plus discoidal Radiolaria (Bergquist, 1960).
Numerous specimens of Ammodiscus and fragments of
a few other agglutinate Foraminifera came from sam-
ples of the Siksikpuk Formation along the east fork of
the Etivuluk River (lat 68°22" N., long 155°35" W.).
Two collections from red and green shale of the Sik-
sikpuk Formation made along a tributary to the Kuna
River approximately 140 miles west of the type locality
provided numerous fragments of Hyperammina sp.,
specimens of Ammodiscus sp., plus a few specimens of
Thurammina sp., Glomospira sp., Trochammina sp.,
aff. 7. arenosa Cushman and Waters, Trochammina sp.,
and Ammobaculites sp. (Bergquist, 1960).

Broken conodonts and agglutinated Foraminifera
similar to species from the Siksikpuk Formation in
the Tiglukpuk Creek area were found in a sample of
presumed Permian age from the Kiligwa River area,
approximately 180 miles west of the type locality of the
Siksikpuk Formation. The conodonts are a large
species of Gondolella and have smooth platforms and
low nodes along the axis.

Paleozoic rocks were found in the subsurface only
in Topagoruk test well 1, where a few hundred feet of
section was considered to be of Permian age because
coelocanth fish teeth were present in a core; plant prints
in a lower core suggested that rocks of Early or Middle
Devonian age were penetrated.

TRIASSIC ROCKS
SHUBLIK FORMATION

Rocks of the Shublik Formation (Early(?) to Late
Triassic) crop out in the Canning River—Sadlerochit
Mountain area of the eastern part of northern Alaska
and occur at numerous places along the northern front
of the Brooks Range. In the Shaviovik and Sagavan-
irktok Rivers region, the Shublik Formation is 200
300 feet thick. Lower beds are phosphatic siltstone,
carbonaceous black shale, and very fine grained sand-
stone. Upper beds are clayey to silty shale with inter-
beds of dark-gray limestone; the uppermost part is
sandy to cherty limestone (Keller and others, 1961,
p- 188). In the same area, 1,000-2,000 feet of clastic
rocks of the Ivishak Member of the Sadlerochit For-
mation at least in part contains ammonoids of Early
Triassic age (Keller and others, 1961, p. 169). In the
central foothills the Shublik Formation may include

some strata of Early Triassic age (Patton, 1959). In
the subsurface of the coastal plain of northern Alaska,
rocks of Late Triassic age were penetrated in Simpson
test well 1, South Barrow test well 3, and Topagoruk
test well 1.

Of the more than 100 outcrop samples of Triassic
rocks examined for microfossils (table 1), about 70
percent were fossiliferous, and the best collections came
from a suite of about 50 samples from the type locality
of the Shublik Formation in the Canning River area.
Nine of the samples were collected by E. G. Sable in
1948 ; they, together with samples from equivalent sub-
surface beds in Simpson test well 1, provided the fauna
described by Mrs. Loeblich (Tappan, 1951c) as of Late
Triassic age, the first microfauna of this age to be re-
corded from the Western Hemisphere. In 1952 C. L.
Whittington measured and sampled 420 feet of ex-
posed beds of a 720-foot shale section in the Sadlerochit
area. His samples carried an assemblage of 23 species
of Foraminifera, but 11 or 12 species constitute most
of the fauna. The Foraminifera identified in Whit-
tington’s samples are shown in table 2.

At a few localities along the front of the Brooks
Range, shale samples from the Shublik Formation have
yielded fragmented compound and platelike conodonts
in addition to Foraminifera (Bergquist, 1960). The
most, fossiliferous of these samples are from the Tigluk-
puk Creek area (lat 68°17” N, long 151°48” W.), where
Patton and Matzko (1959, p. 8) divided the Shublik
Formation into three members; the lowest member is
more than 500 feet thick and is dated by megafossils
as Early(?) and early Middle Triassic age. Samples
from this member yielded a small foraminiferal fauna
consisting of T'olypammina sp., a small species of Am-
modiscus, delicate tests of a small Ammobaculites, and
a slender species of Spiroplectammina, and, in the up-
permost 100 feet, a few specimens of Rectoglandulina
lata (Tappan) and R. simpsonensis (Tappan). The
middle and upper members of the Shublik Formation
in the Tiglukpuk Creek area are approximately 150 feet
thick and 80 feet thick; they yielded a few specimens
of Astacolus connudatus Tappan, Nodosaria shubli-
kensis Tappan, and Rectoglandulina simpsonensis
(Tappan). Some of these species are part of the fauna
described by Mrs. Loeblich (Tappan, 1951c) from the
Late Triassic rocks of northern Alaska.

Conodonts were found in two samples from beds of
the Shublik Formation in the Welcome Creek area (ap-
prox. lat 68°25’ N., long 150°48” W.) about 25 miles
northeast of the Tiglukpuk Creek area. One sample
contained numerous broken specimens of platelike cono-
donts (gondolellids) along with a few fragments of
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TABLE 2.—Microfossils from a 720-foot shale section in the Shublik Formation (Triassic), Sedlerochit River and Dodo Creek,
northern Alaska

[V, very abundant; A, abundant; C, common, f, fragment; ?, questioned identification]
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compound conodonts, abundant specimens of Astacolus samples were relatively high in the formation and came
connudatus Tappan, a few specimens of Nodosaria shub-  from 60-100 feet below an occurrence of Monotis sub-
likensis Tappan, Rectoglandulina simpsonensis (Tap-  circularis (Gabb). A few miles west of this locality,
pan), and Vaginulinopsis acrula Tappan. near lat 63°43” N, long 160°31” W., on the east side of

Although too fragmented for positive identification, Kidney Creek, a tributary of Driftwood Creek, Sable
some of the compound conodonts from the Tiglukpuk collected a sample from a rubble of shale and chert
Creek and Welcome Creek areas can be tentatively iden-  associated with Monotis-bearing limestone of the Shub-
tified as hindeodellids and others as prioniodinids lik(?) Formation, and fragments of conodonts were
(Bergquist, 1960). In addition, there are two or three
species of Gondolella.

Fragments of compound and gondolellid conodonts
were found in four samples collected by Tailleur and

common in it.
The presence of conodonts in samples of Triassic
rocks collected over a distance of more than 250 miles

Patton from beds of the Shublik Formation exposed at indicates their apparent distribution throughout the
a locality (approx. lat 68°23’ N., long 152°55" Wp;i11011g Triassic rocks of the northern foothills of the Brooks
. ., long 152 .

Monotis Creek, a tributary of the Kiruktagiak River; Range. The subsurface sections of TItl%LSSlC rocks pene-
and a few conodonts were found in three samples col- frated in northern Alaska, howe?re.r, did not yield cono-
lected by J. T. Dutro, Jr., along Thunder Creek, 7 miles donts, but a fairly good foraminiferal f%'mna was ob-
west of Noluck Lake (approx. lat 68°45” N., long tained. The species identified in these sections are listed
160°17” W.) and west of the De Long Mountains in on the faunal charts for Simpson test well 1 and Topa-
western Alaska. In the area along Thunder Creek, the goruk test well 1 (pl. 18, 19).
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JURASSIC ROCKS

A detailed study of all the Jurassic rocks of northern
Alaska has not been published. Ralph Imlay has pre-
sented an excellent résumé in a paper on the charac-
teristic Jurassic mollusks, and has indicated that three
lithologic facies have been recognized (Imlay, 1955).
A coarsely clastic facies of Late Jurassic age, which has
been called the Tiglukpuk Formation, occurs in the foot-
hills north of the Brooks Range and extends from the
Utukok River in the west to the Lupine River in the
east. A dominantly shale and siltstone facies, which
has generally been called the Kingak Shale and which
includes beds of Early, Middle, and Late Jurassic age,
is found in an area from the west fork of the Ivishak
River northeastward to the Sadlerochit River. A third
facies, of Early Jurassic to early Middle Jurassic age,
is characterized by calcareous, glauconitic, quartz-bear-
ing sandstone interbedded with a considerable amount
of dark-gray shale and siltstone; locally there are peb-
bles of chert, slate, and sandstone. This third facies is
considered part of the Kingak Shale but is also known
as a platform facies; it has been found only in the sub-
surface in South Barrow test wells 2, 8, and 4, Avak
test well 1, and Simpson test well 1. The age of the
Jurassic rocks has been determined by Imlay (1955)
from his studies on ammonites and by Mrs. Loeblich
from her studies on Foraminifera (Tappan, 1955).

TIGLUKPUK FORMATION

The Tiglukpuk Formation was described by Patton
(1956a) asa section of 1,450 feet of shale, siltstone, and
graywacke exposed along Tiglukpuk Creek, a tributary
of the Chandler River. Generally the graywacke is a
poorly sorted sandstone or conglomerate, but at several
localities it is tuffaceous and may include tuffs, sills, and
pillow lavas. The conglomerate constituents range in
size from granules to boulders and consist of chert and
igneous and metamorphic rocks in a graywacke matrix.
At the type locality the formation rests on rocks of the
Shublik Formation with little or no discordance and is
overlain by the Okpikruak Formation or younger Cre-
taceous rocks. Megafossils indicate a late Jurassic age
of Oxfordian to early Portlandian (Keller and others,
1961, p. 195).

The Tiglukpuk Formation crops out along the front
of the Brooks Range for about 350 miles. It has been
recognized along the Nuka and Utukok Rivers about
200-250 miles west of the type locality, and is exposed
along the Lupine River about 100 miles east of Tig-
lukpuk Creek. The thickness of the formation is esti-
mated as approximately 1,800 feet along Lupine River,
but 15-20 miles to the west, in the area west of Elusive
Lake, the formation is considered to be not more than

500 feet thick; it is missing several miles northwest of
the lake (Keller and others, 1961, p. 194).

Recently Jones and Grantz (1964) have questioned
the Jurassic age and validity of the Tiglukpuk Forma-
tion as a stratigraphic sequence. Jones and Grantz re-
port Buchia sublaevis (Keyserling), a Lower Creta-
ceous (Valanginian) fossil from beds of the type sec-
tion of the Tiglukpuk Formation and consider its pres-
ence as evidence that most of this unit is younger than
the type Okpikruak Formation of Neocomian age.
They further consider that the several rock types com-
posing the Tiglukpuk Formation are a tectonic assem-
blage brought about by thrust faulting rather than a
stratigraphic unit and believe the formation should be
revised or abandoned.

Relatively few microfossils were found in samples
from the Tiglukpuk Formation. Of 138 samples col-
lected for microfossil examination, 36 were fossiliferous
(table 1), but only a few species of arenaceous Forami-
nifera and a few Radiolaria were found. Very few
samples were collected from the type locality of the for-
mation, and none were collected from the thick expo-
sures along Lupine River. Eight samples collected by
Keller along Tiglukpuk Creek from the upper part of
the formation were barren, but a few Foraminifera were
found in two samples of four he collected from the lower
part of the formation in the same area. One of two
samples collected by Keller along the Siksikpuk River
yielded a number of specimens of Bathysiphon and Am-
modiscidae along with a few other Foraminifera.

In the eastern area of outcrop of the Tiglukpuk For-
mation, a suite of 10 samples was collected by Patton
along Welcome Creek (tributary to Kanayut Creek)
and the east fork of the Nanushuk River. The samples
came from shales that directly overlie the Shublik For-
mation; these shales are interbedded with limestone
bearing Buchia concentrica (Sowerby) and B. rugosa
(Fisher), two fossils of Oxfordian to Kimmeridgian
age. REight of the samples yielded most of the Foram-
inifera and the Radiolaria found anywhere in the
Tiglukpuk Formation, but only two species of Foram-
inifera were found in any degree of abundance.
Fourteen samples collected by Keller from the lower
part of the Tiglukpuk Formation along the east fork of
the Nanushuk River and along Peregrine Creek were
barren except for one sample in which Glomospira pat-
tons Tappan was common and in which a few other
Foraminifera were found; few of the Foraminifera
found, however, could be determined generically.

In the Ipnavik and Killigwa Rivers areas in the west-
ern part of the exposed area of the Tiglukpuk Forma-
tion, only 13 percent of a suite of 82 samples collected
by Tailleur yielded microfossils; these microfossils con-
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sist of a few arenaceous Foraminifera and a few
Radiolaria.
KINGAK SHALE

The Kingak Shale was originally described by Lef-
fingwell (1919, p. 119) as a sequence of 4,000 feet of
black shale overlying the Shublik Formation in the
southeast end of the Sadlerochit Mountains; but in a
recent report on the geology of the Shaviovik and
Sagavanirktok Rivers region, Keller, Morris, and Det-
terman (1961, p. 191) included within this Jurassic
formation all strata between the Triassic and Cretaceous
systems east of Lupine River. The distribution of the
Kingak Shale over this area and the variations in
lithology have been discussed by these authors. A late
Pliensbachian (Early Jurassic) through Callovian and
late Oxfordian (Late Jurassic) age has been assigned
by Imlay to these beds (Keller and others, 1961, p. 193),
the Triassic Shublik Formation being overlapped by
successively younger beds of the Jurassic at different
localities.

Of 56 samples from the Kingak Shale examined for
microfossils, 30 samples yielded some fossils (table 1).
A suite of nine samples collected by E. G. Sable along
Dodo Creek and the Sadlerochit River from the base
of the formation to 2,650 feet above it yielded Fo-
raminifera, but in only two of the samples were there
specimens in some degree of abundance. The foramin-
iferal collection obtained includes 12 species, and in
three samples one or two of the following species were
common to abundant: Bathysiphon anomalocoelia
Tappan, Haplophragmoides Fkingakensis Tappan,
Haplophragmoides barrowensis Tappan, Ammobacu-
lites alaskensis Tappan?, Trochammina conningensis
Tappan, and 7'. sable: Tappan.

Fourteen samples collected by Keller and Detterman
from exposures of the formation along the Lupine River
and the west fork of the Ivishak River were barren.

A few samples collected by Keller and Detterman
from the Kingak Shale along Kemik Creek and in the
area between it and the Shaviovik River yielded a small
assemblage of arenaceous Foraminifera of which speci-
mens of one or two species were abundant. The most
fossiliferous samples from the formation, however,
came from the west fork of the Shaviovik River where
Detterman collected from beds which may be the Kin-
gak Shale part of a sequence that he mapped as un-
differentiated Kingak Shale and Okpikruak Formation.
These samples carried an arenaceous fauna of 11 or 12
species. Some of the Foraminifera are common to
abundant in the Kingak samples, but none have been
identified with certainty although they seem to be the
same as Foraminifera found in some of the Upper
Jurassic rocks. These same species were found in each
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sample of a suite of 30 collected from the overlying
beds of the Okpikruak Formation. The age of the
younger sequence is established as early Neocomian
(Berriasian to Valanginian) by the presence of speci-
mens of Buchia okensis (Pavlow), B. subokensis (Pav-
low), and B. sublaevis (Keyserling) (Imlay, written
commun., 1952; Keller and others, 1961, p. 197). No
mention of Foraminifera from either the Kingak Shale
or the Okpikruak Formation was made in the report on
the geology of the area by Keller, Morris, and Det-
termen (1961).

The lithology of Jurassic rocks penetrated in the sub-
surface has been briefly discussed by Mrs. Loeblich
(Tappan, 1955) and reported on in detail in published
well reports (Collins, 1958¢, 1961; Robinson, 1959b).
Mrs. Loeblich described a fauna of 111 species of Foram-
inifera, ranging in age from Early Jurassic (Sine-
murian, Pliensbachian, and Toarcian) to Late Jurassic
(Callovian and late Oxfordian to Kimmeridgian). The
Foraminifera were found mostly in South Barrow test
wells 2, 3, and 4, Simpson test well 1, and Topagoruk
test well 1, and in surface samples from the regions of
the Canning, Sadlerochit, and the Siksikpuk and Nan-
ushuk Rivers. Most of the Lower Jurassic forms came
from South Barrow test well 3, where a large and well-
preserved fauna of 83 species was found (Tappan, 1955,
chart 1; pl. 17, this report). Foraminifera found in
South Barrow test wells 2 and 4, Avak test well 1, and
Simpson test well 1 are shown on plates 17 and 18 of
this report. Foraminifera found in the section from
6,600-7,820 feet in Topagoruk test well 1 were deter-
mined as Late Jurassic age (Oxfordian or early Kim-
meridgian) by Mrs. Loeblich. A complete list for each
sample from the well is given on plate 19 of this report.
The fauna is also discussed under the section on
Topagoruk test well 1.

CRETACEOUS ROCKS

Beds of both Early and Late Cretaceous age crop
out in the northern foothills of the Brooks Range and
underlie Pleistocene and Recent alluvial deposits in the
Arctic coastal plain. The Lower Cretaceous rocks
were recognized by Schrader (1904) more than 60 years
ago, and Upper Cretaceous rocks were later mapped
by Smith and Mertie (1930). The present knowledge
of the extent and relationship of the Cretaceous rocks,
however, is the result of detailed studies of outcrop
and subsurface made by members of the U.S. Geological
Survey in recent years; in 1951 a nomenclature of the
Cretaceous formations was formulated (Gryc and
others, 1951). A few years later some of the forma-
tions were redefined and additional formations were
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described (Gryc and others, 1956 ; Sable, 1956). Most
of the type localities of the Cretaceous formations are
within an area south and southwest of Umiat, bounded
on the north by the Colville River, on the east by the
Anaktuvuk River, on the west by the Killik and Okok-
milaga Rivers, and on the south by an east-west line
drawn about 50 miles south of Umiat. (See Gryc and
others, 1956, fig. 5.)

OKPIKRUAK FORMATION (EARLY NEOCOMIAN)

The basal Cretaceous unit mapped in northern Alaska
is the Okpikruak Formation which was described by
Gryec, Patton, and Payne (1951, p. 159). It crops out
in the southern part of the Arctic foothills province
from the Kukpowruk River in the west to the Itkillik
River in the east and is exposed discontinuously from
the Lupine River to the Sagavanirktok River (Keller
and others, 1961). The formation rests on rocks of
Jurassic and Triassic age, and most of it is composed
of fine-grained sandstone of a graywacke type, clay
shale, and silty shale or siltstone; minor beds of con-
glomerate are found at the base. From the Echooka
River to the Kavik River in an area between the Sag-
avanirktok and Canning Rivers, a 220-foot bed of sand-
stone (Kemik Sandstone Member) is at the base (Keller
and others, 1961, p. 196). In the type locality on the
Okpikruak River at about Iat 68°34’30”” N., and long
153°30” W., the formation has a maximum thickness
of 2,400 feet; but on the Siksikpuk River, the maximum
thickness is 1,800 feet thick, and in the area of Elusive
Lake east of the upper end of the Sagavanirktok River,
it is about 1,500 feet (Keller and others, 1961). The
formation has not been recognized in test holes drilled
in the coastal plain or in the northern foothills region.

Several diagnostic species of Buchia occur in the
Okpikruak Formation and identify the age of the beds
as early Neocomian (Berriasian and Valanginian) (Im-
lay and Reeside, 1954, p. 241). A few Foraminifera
have been found in the formation (table 1), but most
are long-ranging species that occur throughout Lower
Cretaceous strata in northern Alaska. Numerous well-
preserved Foraminifera, however, were found in 30
samples collected by Detterman and Keller in the area
of the west fork of the Shaviovik River; these samples
were from beds containing specimens of Buchia okensis
(Pavlow), B. subokensis (Pavlow), and B. sublaevis
(Keyserling), which Imlay identified as early Neo-
comian forms (Imlay, written commun., 1952; Keller
and others, 1961, p. 197). The Foraminifera appear to
be similar to or the same as species found in rocks which
have been considered Late Jurassic in age, but a detailed
study has not been made.
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FORTRESS MOUNTAIN AND TOROK FORMATIONS
(ALBIAN)

In the Arctic foothills, several thousand feet of clay
shale and shale with conglomerate and sandstone of
graywacke type overlie the Jurassic beds and the Okpik-
ruak Formation. These beds were formerly described
as the Torok Formation by Grye, Patton, and Payne
(1951) but were later separated by Patton (1956b, p.
219-223) into two lithofacies; the Torok Formation
was restricted to the predominantly shale facies in the
northern part of the foothills, and the name Fortress
Mountain Formation was given to the predominantly
clastic-rock facies (sandstone and conglomerate) in the
southern part.

FORTRESS MOUNTAIN FORMATION

The Fortress Mountain Formation is described (Pat-
ton, 1956b, p. 219) as a thick sequence of shale, coarse-
grained graywacke sandstone, and conglomerate, which
at the type locality along the Kiruktagiak River and
on Castle Mountain is 10,000 feet thick and rests on
Jurassic beds. Elsewhere in the foothills the thickness
of the sequence is generally less than 3,000 feet. The
formation extends westward to the Kukpowruk River
and east to the Ribdon River. It has not been recog-
nized in the subsurface. From megafossils, particu-
larly Awucellina dowlingi McLearn and Beudanticeras
affine (Whiteaves), Imlay (1961, p. 7) has identified
the beds as Early Cretaceous (early Albian) in age—
correlative with the Clearwater and Loon River Forma-
tions of Alberta and with the Moosebar, Gates, and lower
part of the Buckinghorse Formations of northeastern
British Columbia.

Pertinent data on characteristic Foraminifera and
Radiolaria found in 195 fossiliferous samples from the
Fortress Mountain Formation are shown in table 3;
a total of 410 microfossil samples was collected from
the formation. Most of the relatively few species of
Foraminifera and Radiolaria found in the Fortress
Mountain Formation were also present in outcropping
beds of the lower part of the Torok Formation.

TOROK FORMATION

The Torok Formation as redefined by Patton (1956b,
p. 222) includes a predominantly shale sequence about
6,000 feet thick underlying the Nanushuk Group. The
type locality of the formation was designated as Torok
Creek and the Chandler River between the mouth of
Torok Creek and the mouth of the Kiruktagiak River.
According to Patton, “The bulk of the Torok Forma-
tion is composed of gray silt and clay shale interbedded
with subordinate amounts of green to gray siltsone.
Ferruginous, calcareous, and siliceous concretions are
abundant in the shale. Locally there are lenses of fine-
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TABLE 3.—Data for 410 outcrop microfossil samples from the Fortress Mountain Formation

Number of samples: Total, 410; fossiliferous, 153.
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gls)—;tzc—nifsm : Indicates ratio of abundance of all specimens to all species in fossiliferous samples.
[Q, indicates one or more questionable identifications in some samples; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]
Number of Number of samples in which character-
samples istic species occur
®
Ratio IS 2 3
Quality of 3 2|18 | s |a3|am
Area, collector, and date Stratigraphic data » | Sbecimens | specimens Sl (g § S 18| & § 2%leg
g species | 5 |3 |5E|S5| § |8%|Dy 33183
£ S|S5158(35| § [S335|58(E8
- = 2 18353/=8) 2 |128|58|8%|g
3 | g = |EZ|2R(8T| S |SEIR8|2ERE
s % 3 IS5 ISRR 2 EsFERERE
g | & ERTETRETISISTIRTIS TR
Mtay Clrgeek, 5 miles south of Arc Mountain synecline; Pat- | Lower part.____...__..______ 7 31 Poor..._._ vr 2 1 1Q
on, 1950 =
Autumn Creek, 13-16 miles above mouth; Keller, 1950_____|___._ [ 1o T, 4 3 f._.do._____ vr-¢ 1] 112Q ] 1
vr-r
Headwaters, east fork Nanushuk River; Patton, 1950. ... 2,400-1t section sampled..__.. 3 3| Fair_....__ vr-r 2 1 1
vr
East fork Nanushuk River, south of Arc Mountain syn- | Lower part__.._______._.._._. 17 7| Poor...._. vr 4
cline; Patton, 1950. r
East fork Nanushuk River, south of Are Mountain syn- |..... [+ s 23 4 |.__do._____ vr-r 2 1
cline; Keller, 1950. 3T
Nan;(l)shuk River, south of Arc Mountain syncline; Keller, |-.--- 6 o S, 3 2]...do._-.__ vr 1] 2
1950. =
Peregrine Creek, above junction with Cascade Creek; Pat- |-.--- do. - 5 1|...do._ ... vr 1Q
ton, 1950. =
Kzlmayut River, south of Arc Mountain syncline; Patton, {----- Ao - oo 4 {120 RN SR
At juilction of Siksikpuk River and Tiglukpuk Creek; | 2,100-ft section; base is 1,930 5 5| Poor_.___. vr-r 2 2 3Q) 21 1
Patton, 1950. it above Okpikruak 3T
Formation
Tributary, west side Siksikpuk River, 10-12 miles south | Lower part.. ... 5 3 |._.do...___ vr-r 2 1
of Tuktu Escarpment; Keller, 1950. T
Si)lzgikpuk River, south of Ayiyak anticlinorium; Patton, | Lower(?) part________.._____ 3 3 |...do__.___ vI-r 1 1( 1| 2
50. St
East side Chandler River, north flank Castle Mountain | None._ . .. ___._______._.__ 1 1| Fair_..._. vr 1
syncline; Patton, 1949, r
Clllg&dler River at Horseshoe Mountain fault(?); Patton, | Lower part ... __.______ 1 [ P E .
Torok Creek, approximately 0.1-1.2 miles south of Horse- |..... (4 o S, 12 3| Fair..___._. vI-T 1 2 1Q| 1
shoe Mountain fault(?); Patton, 1949, ~r
Torok Creek, 3 miles southeast of Castle Mountain; Tail- | None_ _____.._._.___._______ 15 7 |..do._.___ vr 1 4 1 2
leur, 1949. vr
Torok Creek, north flank Castle Mountain syncline, 4 |.._.. do. -l 5 5 |_..do.._._ yrr 4 2| 5
miles east of Castle Mountain; Tailleur, 1949. vrr
Torok Creek, 136 miles north of peak of Castle Mountain; | 7,400 ft above base__________ 2 1].__do__.... vr 1
Tailleur, 1949, vr
Torok Creek, 3 miles northeast of peak of Castle Mountain; | 7,200 ft above base_ _________ 8 8 |...do.__.__ ¢ 1 6 3] 51 3
Tailleur, 1949. T
East side Castle Mountain at Castle Mountain syncline; | 8,600-8,950 ft above base__.__ 5 3| Poor__..._ vr 1
Patton, 1949 vr
East side of Castle Mountain; Tailleur, 1949. . _____________ 7,400 ft above base. . .___.___ 5 4 Fair._..__. vrr 1 Q) 3} 1
) vr
Northwest side Castle Mountain; Tailleur, 1949.__._______ 8,600-8,950 ft above base..... 5 2| Poor.__.._ vr 1 1
vr
T\iv& éniles northwest of peak of Castle Mountain; Tailleur, | 7,400 ft above base_______.._ 1 1| Fair.....__ vr 1 1
5 vr
East tributary Castle Creek, 1 mile above junction with | 6,700-7,000 ft above base. ... 2 2 |...do.._. vr-ab 1 1
Kiruktagiak River; Patton, 1949, T
Castle Creek, 414-6 miles south of Castle Mountain; Tail- | None_._.___..____ ... _____ 3 3 vr 1 3
leur, 1949, vr
Castle Creek, 315 miles above mouth; Tailleur, 1949_________|_____ A0 s 3 2| Fair...._. vi-vab 2Q|
vr
Castle Creek, 214 miles above mouth; Tailleur, 1949, ___.____ 5,500-6,000 it above base_.__. 4 3| Good....-. vr-¢ 11 2
vI-r
. 6,700-7,000 {t above base___.. 1 1).do..- vrr 1l 1{1
Castle Creek, 2 miles above mouth; Patton, 1949 . ______ vr
6,000t abovebase.__________ 2 [ D I, -
On Castle Creek, 1-2 miles above mouth (junction with | Middle part.__._.___...__._ 2 1| Poor.. .. 1 specimen 1
Kiruktagiak River); Patton, 1949.
Castle Creek, 134 miles above mouth; Patton, 1949 _________ 6,700~7,000 {t above base_.._. 2 2| Good..... vr-c 1] 2] 1| 1
vIr
Castle. Creek, 1 mile above mouth; Patton, 1949.._________ 6,700-7,000 ft above base..__.| 2| 2| Fair.._... vr 1 1t
vr
Castle Creek, three-fourths mile above mouth; Patton, 1949_| 6,000 ft above base____.___ ... 2 2| Good.....- yr 2 1)1
vr
Castle Creek, 0.2-0.5 mile above mouth; Patton, 1949_______ 5,500-6,000 ft above base....| 3 2| Poor.__._. vr 111
vr
Near mouth of Castle Creek; Patton, 1949 _________________ 5,050-5,300 ft above base._.._ 1 [V 20 (N PO
Tributary on Kiruktagiak River, 1 mile above mouth of | Lower part________..________. 1 1| Poor._.._. vr 1 1Q
Castle Creek; Patton, 1949, vr
Tributaries of Castle Creek and Kiruktagiak River; west of | Middle part....._._._..._.... 7 3| Fair...... vr 1 2| 1)1
Castle Mountain; Patton, 1949, 3T
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TABLE 3.—Data for 410 outcrop microfossil samples from the Fortress Mountain Formation—Continued

Number of Number of samples in which character-
samples istic species occur

Ratio

Quality of

Area, collector, and date Stratigraphic data specimens | specimens
species

Fossiliferous
Bathysiphon vitta?
Glomospirella
gaulting
Haplophragmoides
topagorukensgis
“Verneuilinoides
tailleuri”’
Trochammine eilete
Conorboides
umialensis
Pallaimorphina
ruckerae
Lithocampe? sp.
(pyritic casts)
Dictyomitra? sp.
(pyritic casts)

Total

Tributary of Kiruktagiak River, 3 miles northwest of peak | 5,500-6,000 ft above base.._.__ 1 1| Fair_._.___ 1 specimen 1
of Castle Mountain; Tailleur, 1949.
Kiruktagiak River, Castle Mountain syncline; Patton, 1949 | 3,400-4,200 ft above base_.___ 2

Kiruktagiak River, north flank Castle Mountain syncline; {2'950_3’400 ft above base..._- 3

Patton, 1049. 2,480-2,950 tt above base. . 2

Kiruktagiak River, 1-1}4 miles southeast to south-southeast | 500-1,150 ft above base.._._ 1
of Horseshoe Mountain; Patton, 1949,
Kiruktagiak River, 114 miles south-southeast of Horseshoe | 0-500 ft above base_.________ 1
Mountain; Patton, 1949
Kiruktagiak River, 1 mile southeast of Horseshoe Moun- | 1,150-1,750 ft above base.__.. 4
tain; Patton, 1949.
Horseshoe Mountain thrust plate, 1 mile distance along | None_____.___.______________ 14
Kiruktagiak River; Patton and Tailleur, 1949,

Kiruktagiak River, west end of small anticline, north of
Horseshoe Mountain thrust plate; Tailleur, 1949,

Ayiyak River and Chert Creek; Patton, 1949______________

‘West of Chert Creek, 114 miles; 3 miles above junction with
Ayiyak River; Patton, 1949.

Tributary of Fortress Creek, 2 miles northeast of Fortress
Mountain; Patton, 1949,

Fortress Creek, south limb of Fortress Mountain syncline;
Tailleur, 1949.

North limb of Fortress Mountain syncline, spanning 1 | ____ A0 9 9 |_..do__._. vr-c 1 6 2 2| 4
mile along Fortress Creek, west side Fortress Mountain; vrr
Patton, 1949.

An ares along Fortress Creek and south flank of small syn-
cli;le, 1-115 miles northwest Fortress Mountain; Patton,
1949.

1Q| 1] 1
11 1

1Q

_____ A0 4 4 | Fair-good.. vr-ab 31 2| 3i1Q

Canoe Hills, northwest of Fortress Mountain; Patton, 1949_

Area adjacent a small anticline, north of Fortress Creek,
between Canoe Creek and tributaries to Ayiyak River;
Tailleur, 1949.

Upper part of Canoe Creek, 2 miles northwest of Fortress
Mountain; Patton, 1949.

Pediment Creek, approximately 5-6 miles northwest of
Canoce Hills; Patton, 1949,

Okokmilaga River, approximately 7 miles above mouth | None
(junction with Okpikruak); Patton, 1949,

Along Okpikruak River, approximately 6-7 miles above
junction with Okokmilaga River; Patton, 1949.

Cgl\;ille River, west end Killik Bend anticline; Warner,

945.

Oolamnagavik River, approximately 10-11 miles south of | Low in formation
Oolamnagavik syncline; Chapman and Reynolds, 1950,

On tributary of Kurupa River, 6 miles west of Oolamna- | None
gavik River, and 13 miles south of Oolamnagavik syn-
cline; Chapman, 1950,

Ipnavik River from a point approximately 8 miles above | Middle part_.._.____________ 10 [ S P
junction with Colville River to a point approximately 1
mile above mouth; Tailleur, 1950.

Ipnavik River from a point approximately 115 miles above | Lower part_ .. ..__.______ 25 [ T F
mouth of Cula Creek to a point approximately 414 miles
below mouth of Medial Creek; Tailleur, 1951.

Ipnavik River between mouth of Hardway Creek and | Middle part(?)_.__ ... 13 L )
point 6 miles upstream; Tailleur, 1951. vI-T o

Numerous points in the Lisburne Ridge area, tributaries | 1,000-1,500 ft above Okpik- 8 8 | Poor...__. e 4 2Q ) 21 2
of Ipnavik River adjacent to Ekakevik Mountain, and ruak Formation.

?ea(giwaters of the Ipnavik River; Tailleur and Kent,
950.

Numerous points along Kiligwa River, west and south of | Lower part; 1,000-2,000-ft 34 LU O R
Liberator Ridge, and along tributaries to Kuna and Ip- section.
navik Rivers; Tailleur and Kent, 1950.

East fork Kiligwa River, approximately 12 miles above | Middle part...______________
junction with west fork; Tailleur, 1950.

West fork of Kiligwa River approximately 10 miles above | None_________ ... _..___..
juntion with east fork; Tailleur, 1951.

Approximately 3 miles southeast of Lake Noluk on Pilly | Approximately 1,100 ft be-
Fork of Nuka River; Sable, 1951. low top.

Tributary of Storm Creek approximately 4 miles southwest | Approximately 2,150 ft be-
of Lake Noluk; Dutro, 1951, low top.

Thunder Creek approximately 10 miles above junction | Approximately 500-1,450 ft
with Colville River; Sable, 1951, below top.

Elbow Fork near junction with Driftwood Creek; Sable | Approximately 1,850-2,000 ft
and Dutro, 1951. below top.

Numerous points in area 10-12 miles south and southwest | Generalized section of 4,400 r
of Driftwood anticline through 25 miles distance from ft thickness.
the Iligluruk Creek east to Driftwood Creek; Sable and
Mangus, 1950.

2Q | 1] 2
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grained graywacke sandstone as much as 800 feet thick.
Thin lenses of cherty-granule conglomerate were found
in several such sandstone bodies.”

Fossils from the Torok Formation indicate that the
lower two-thirds of this sequence is approximately con-
temporaneous with the Fortress Mountain Formation
but that the upper third of the formation is distinetly
younger as is noted by its different and much larger
assemblage of both microfossils and megafossils. The
fossils of the upper part of the Torok Formation are
mostly restricted to middle Albian age (Imlay, 1961,
p. 4).

Approximately 1,000 outerop samples from the Torok
Formation were examined for microfossils (table 1).
Some of these samples, however, were inadequately lo-
cated stratigraphically and therefore were not included
in the statistical data (tables 4 and 5). Two-thirds of
the excluded samples were nonfossiliferous. A com-
parison of the statistical data for the outcrop samples
from the upper and lower parts of the Torok Forma-
tion indicates certain distinct differences. The upper
part of the formation is characterized by such arena-
ceous Foraminifera as Vernewilinoides borealis Tappan,
Guadryina nanushukensis Tappan, Textularia topa-
gorukensis Tappan, and species of Ammobaculites, be-
sides calcareous species such as Eurycheilostoma robin-
sonae Tappan. Microfossils from the lower part of the
Torok Formation are included in the Gaudryina tail-
leuri faunal zone. These faunal differences are dis-
cussed more fully on pages 126 to 140.

In the subsurface, a sequence of several thousand
feet of predominantly shale beds that are equivalent to
much of the Torok Formation has been divided into
two units and described as the Oumalik and Topagoruk
Formations (Robinson and others, 1956, p. 223-232).
The name Oumalik Formation was applied to the older
part of the sequence as recognized in a 6,000-foot sec-
tion of medium-gray to dark-gray shale, sandy shale,
and siltstone occurring between 4,860 and 10,880 feet
in Oumalik test well 1. These beds, which are believed
to be approximately equivalent to the lower two-thirds
of the Torok Formation, apparently thin rapidly north-
ward as only a few hundred feet of this sequence was
found in the subsurface in the coastal area of Cape
Simpson and Point Barrow.

The Topagoruk Formation was described from a
2,550-foot section (1,350-3,900 ft) in Topagoruk test
well 1. The shale of the formation is generally slightly
softer and lighter in color than the shale of the Oumalik
Formation and seemingly breaks into less angular frag-
ments than does the older shale. Throughout the type
section in Topagoruk test well 1, there are thin beds
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and laminae of siltstone and fine-grained sandstone in
the shale, but the siltstone and sandstone increase in
proportion to the shale in the upper 800 feet. Possibly
in some areas the upper part of the formation is approx-
imately equivalent to part or all of the Tuktu Forma-
tion. In most of the section, there is a microfaunal
assemblage that is also found in the upper part of the
Torok Formation and in the Tuktu Formation. This
assemblage is described as the Verneuilinoides borealis
faunal zone.

Beds defined as Topagoruk and Oumalik Formations
in previous reports by me (Bergquist, 1956b, 1958a),
and by Robinson (1956, 1958a, b, 1959a, b), Robinson
and Collins (1959), and Collins (1958a, b, ¢, 1959, 1961)
are included under the Torok Formation in this report.

NANUSHUK GROUP

The Nanushuk Group, as currently defined, is a se-
quence of rocks of Early Cretaceous and early Late Cre-
taceous age which overlies the Torok Formation. The
rocks are of both marine and nonmarine origin and in-
clude sandstone, conglomerate, siltstone, shale, minor
amounts of coal and ironstone, and limestone in lenses
and concretions. Originally recognized by Schrader
(1904) as a sequence of Cretaceous rocks along the Nan-
ushuk River where it cuts across the Arctic foothills,
the group was modified by Grye, Patton, and Payne
(1951, p. 162), who excluded beds now considered to be
part of the Colville Group. Thus at present the Nanu-
shuk Group is known to crop out north of the Brooks
Range from the Sagavanirktok River west to the Kuk-
powruk River and to include the Tuktu and Grandstand
Formations of Albian age, the Chandler Formation of
Albian to Cenomanian(?) age, and the Ninuluk For-
mation of Cenomanian age. The Grandstand and
Ninuluk Formations were described by Detterman
(1956), who also redefined the Tuktu and Chandler
Formations. Type localities of these formations are
on the Chandler Anaktuvuk, Colville, and Killik

Rivers.
TUKTU FORMATION (ALBIAN)

The basal sandstone unit of the Nanushuk Group was
described as a member of the Umiat Formation (Gryc
and others, 1951, p. 162), but was later redefined as the
Tuktu Formation, and the name Umiat Formation was
abandoned (Detterman, 1956, p. 233-235). Rocks of
the Tuktu Formation form a prominent south-facing
escarpment along the southern edge of the northern
foothills and can be traced laterally for 200 miles. Ac-
cording to Detterman (1956, p. 234), the rocks grade
into shale northward across the strike. Keller, Morris,
and Detterman (1961, p. 202) reported exposures of the
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TABLE 4.—Data for 41} outcrop microfossil sam ples from the lower part of the Torok Formation

Number of samples: Total, 414; fossiliferous, 215.

Specimens
Species

[Q, indicates one or more questionable identifications in some samples; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]

: Indicates ratio of abundance of all specimens to all species in fossiliferous samples.

Number of Number of samples in which
samples characteristic species occur
Ratio Slulsls |8
3 i i S Nl 3T PP
Area, collector, and date Stratigraphic data %;?;111121% [(l>sf specimens g S § § 2 s g % %%
g species sl 2|82 5. 2|=2%858
) < |5 gEﬁSSE%§&u§o
s &I I |28 &8 %“'S»SSETS
= 5|8 2|83 3§§'ﬁ’~§s'=°'~
= | 2 S| 25188 5 [S5/8§855k
2 7 S| S| 3|3 888 BRI
1<) 3 3 3 3 (B 8|3 §§_Nv.~v
= = RIRITIT{IER KBRS
Tributary, Kanayut River, approximately 5 miles south | None..________.____________ 3 [0 P P
of Arc Mountain anticline; Patton, 1950.
On tributaries of Siksikpuk River, approximately 9 miles |__.__ do . 2 O |l
south of Ayiyak Mesa syncline; Patton, 1950.
Autumn Creek, 5-11 miles above mouth (junction with |__. _ do_ . 10 7 | Fair..__.._. vr-c 1]3Q 1 4
Siksikpuk River); Keller, 1950. VIr
Bend of Chandler River, 3154 miles southeast of Tuktu | 3,240~4,720 ft below top._.._. 12 8 |---_do-_.__. vr-ab 3(2Q] 2 1 3
Bluff; Detterman, 1948. . T
T%l;lg Creek, north limb Ayiyak anticlinorium; Tailleur, | None._.___ . ___.______........ 2 (131 R
Ttilak‘ Creek, south limb Ayiyak anticlinorium; Patton, |..... A0 o 7 4| Poor......_ vr 11 21 1 2 2
9. oy
Ayiyak anticlinorium on Torok Creek and Chandler River; | Type section 400-1,600 ft be- 10 8 |...do._.__ vr 1(1Q 5
Patton, 1949. low Subarcthoplites zone. r
Kiruktagiak River, north limmb Ayiyak anticlinorium; Pat- | Above Subarcthoplites zone. . 4 F2 R 1o T, vr 1
ton and Tailleur, 1949. 3r
Kiruktagiak River, north limb Ayiyak anticlinorium; Tail- | Below Subarcthoplites zone_.| 11 6 |...do-.._. vr-¢ 4
leur, 1949. vIr
Kiruktagiak River, south limb Ayiyak anticlinorium; Tail- | None_______________________ 28 23 | Fair...___. vr-ab 9112 1|1 8 3
leur, 1949. vrr
Ayiyak River, above Canoe Creek, south of Tuktu Es- | Above Subarcthoplites zone.. 9 2 | Poor...... vr 1
carpment; Tailleur, 1949. 3T
Ayiyak River, above Canoe Creek, south of Tuktu Es- | Below Subarcthoplites zone___ 6 5 |...do-._.._. vI-¢ 1 5
carpment; Patton, 1949. vr
Canoe Creek, south limb Ayiyak anticlinorium; Tailleur, | In part below Subarctho- 9 3 |--.do__.__ vr 1
1949. plites zone. r
Pediment Creek, 57 miles above mouth (junction with | Subarcthoplites zone_________ 3 3| Fair_______ VI-r 3 1 1
Okokmilaga River); Tailleur, 1949. VI-r
Okpikruak River, south limb Ayiyak anticlinorium; None_ . 4 1| Poor..._._| 1specimen 1Q
Patton, 1949.
Killik River, approximately 15 miles above junction with |..___ do ... ... 5 [0 I F U,
Okokmilaga River; Kirschner, 1945.
Kurupa River, approximate {at 68°39/; Thurrell and |_.._. do_ . 4 [0 N I
Chapman, 1946.
Okpikruak River, approximately 5 miles above junction | ____ do____.______ I, 3 [0 D I
with Okokmilaga River; Kirschner, 1945.
Killik River, 10 miles above mouth of Okokmilaga River; | 490-ft exposure ________.___. 7 2| Poor_____. vr
Bickel, 1953. VI
Etivluk River, 314-10 miles above mouth (junction with | None_ . ___.__.__.__________ 20 1| _do____..__ VI 4 1
Colville); Bickel, 1953. vr
Along east fork of Etivluk River,extending from mouth of |_____ Ao 8 4 | _do.___.__ vr 2
Iteriak Creek to 6 miles upstream; Reynolds, 1950. vr
Along east fork of Etivluk River,extending frommouth of | ... do_____._________ ________ 8 3 |..do.____._ vr-¢ 1Q 2
Iteriak Creek to 4 miles upstream; Eberlein, 1950. Y
Kucher Creek, south of Brower anticline from a pointonthe |_.___ do_ . 12 2| _.do.._.._. vr 2 2
crest to 10 miles upstream; Eberlein and Reynolds, 1950. vr
Etivluk River, east of Smith Mountain; Mangus and | __._ do_ . 4 [ N E
Dutro; 1949,
Etivluk River, east of Smith Mountain Lake; Mangus, {..._. Ao 2 [0 N F
Along. Kuna River and Cutaway Creek for approximately | ... _ do_. . ... 39 1| Poor.__.._ 1 specimen 1
6 miles north of lat 68°45, and along Swayback Creek for
about ! mile above mouth; Detterman, Mangus, and
Lachenbruch, 1949,
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TasLe 4.—Date for 414 outcrop microfossil semples from the lower part of the Torok Formation—Continued

Number of Number of samples in which
samples characteristic species occur
Ratio g slsig |8
o i, s + 3 .= = sl v~
Area, collector, and date Stratigraphic data . gp‘éﬂﬁf; z?sf specimens _g § § § g § %§ %%
3 species S1E13 |08 £ |o2latlsd|38
S = | = §§§EN§’~=§R0,~0
ot S18ls(S8 8 [Se|SS|EE|RE
= | B 813|528 2 |SE/55 885k
£ | 2 S5 |5[58 8 (35555888
| & RIS E &R IO R R
Kiligwa River, west and northwest of Liberator Lake; > 14 3| Fair____.__ r-ah
R uver, ¢ | Lower(?) beds._......._._.. L
Area of junction of Nuka River and East Fork; Kent, 1951__| Within lower 1,000 ft._______ 8 1. do.__.__. vr-ab
r
Small syncline, Nuka River area, long 159°40’ W.; Morris, | Lower beds; 900-1,900 ft 9 1| Poor______ 1 specimen
1951. below top of 3,700-ft ex-
posure. .
Small syncline, Nuka River area, long 159°40’ W .; Sable, | Lower beds; 2,000-3,300 ft 11 R R T O 1 specimen 1
1951, . below top of 3,700-ft ex-
posure
Colville River, between lat 68°50’ and 69° N, at long | None______________._____.___ 1 1 |--.do.....__ vIr 1 1
160°20’ W.; Morris, 1951. r
Driftwood Creek and Noluk Creek area; Sable, 1951_._____|_____ L5 (S 4 {30 PO
Colville River, approximately 8 miles northwest of Noluk | Lower beds._.__.__.._.____. 2 2| Fair.______ vr 11 1( 1
Lake; Mangus, 1950. r
Tributary of Colville River, approximately 5 miles south |_____ (s 0 Y 6 6 |--.do__.____ vr-ab 51 5] 5] 3| 1
of Meat Mountain; Mangus, 1950. T
Tributary to Kugururok River, approximately 2 miles | Middle to upper beds.._.___ 6 5 |.--do.__..__ vI-r 1] 3] 3|1
south of Meat Mountain; Mangus and Sable, 1950. ~r
Driftwood Creek, south flank, east end of Driftwood anti- | Middle beds______..________ 7 7 |---do.._ vI-r 11 4
cline; Sable, 1950. T
Along east-west tributaries of Driftwood Creek, 3-5 miles | Lower beds._.__.___________ 5 2 |._.do..... vr-ab 21 1] 1] 2} 2
south of east end of Driftwood anticline; Mangus and T
Sable, 1950.
West tributary of Driftwood Creek approximately 2 miles | Near base_____.___._____._____ 1 {4 R F
above mouth; Mangus, 1950.
At mouth of Driftwood Creek Sable 1950 - .- oo | A0 e 1 1| Fair....._. vr-¢. 1
r
East-west secticn of tributary of Utokok River, north of | None______________________ - 5 2| Poor._____ vr 1QIQ | 1| 1| 1] 1
west end of Driftwood anticline; Mangus, 1950 3r
Utokok River, approximately 1154 miles above mouth of | Middle beds_._.___...______ 9 9 | Fair....___ vr-¢ 3 5| 2
Driftwood Creek: Mangus and Sable, 1950. vrr
Upper beds: 2,600-4,700 ft 7| 7 |-do... vre 3Q | 7 1Q
Adventure Creek, south flank of Driftwood anticline, 14-2 section. vr
miles above juction with Utokok River; Sable, 1950. Lowr;:r. beds: 50-1,800 ft 6 6 [---do...____ vI-vab 4| 5 1Q
section, vI-r
Creek west of Adventure Creek approxzimately 1-5 miles [Lower beds. .. .....________.__ 12 11 f._.do.._____ vr-¢ 319
ahove mouth (junction with Utokok River); Mangus, 1950. 3T
Adventure Creek, 2-6 miles above mouth (junetion with | None___._...._______________ 19 16 | Poor.._._. vI-C 5| 6| 5| 1
Utokok River); Mangus, 1950 vr-c
Creek west of Adventure Creek approximately 8-10 miles |_____ A0 4 3| Fair.___.__ vI-¢ 11 2
above mouth; Mangus, 1950. vr
North flank, west end Driftwood anticline on west tributary | Lower beds_____.___.________ 3 2| Poor._____ vr 1
of Utokok River; Sable, 1950. r
Ligluruk Creek, approximately 1 mile above mouth of |...__ A0 1 1| Fair..__._. vr-¢ 1Q| 1/1Q
north fork; Sable, 1950. T
lligluruk Creek, 1-3 miles below mouth of east fork; | Lower(?) beds___.._.._______ 16 9 ..o vr-ab 13Q
Mangus, 1950, vr
“North fork” Iligluruk Creek, 124-4 miles above mouth; | Near base.. ... . ____.._____ 3 3 |--dooo. vr-ab 8
Sable, 1950. vI
Headwaters of “North fork’’ Iligluruk Creek, 6 miles west | Lower beds.________________ 6 [ 3 R 1+ S, vr-ab 1) 5] 1
of Adventure Creek; Sable, 1950 vr
Nigluruk Creek near junction with Kokolik River; Chap- | None_.____..__._____._..__._. 3 3| Poor._.._. vI-C 3| 2 1
man, 1949 vro
Kokolik River, above junction with Iligluruk Creek; Sable, |__... (5 (s T 6 6 |...Q0 .. vr-¢ 3] 1 2
vr
Alon%]Kokolik River, from a point 14 mile above junction |_____ A0 7 7 |--doeo vr 2 2
with Tingmirkpuk River to 3 miles downstream; Chap- vr
man and Sable, 1949.
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TABLE 5.—Data for 523 outcrop microfossil samples from the upper part of the Torok Formation

Spe;ci.mgni Indicates ratio of abundance of all specimens to all species in fossiliferous samples.

[Q, indicates one or more questionable identifications in some samples; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]

Species

Number of samples: Total, 523; fossiliferous, 266.

Num-
ber of Number of samples in which characteristic species occur
samples
) Ratio R
Quality . S : &
Area, collector, and date Stratigraphic data of speci- | Specimens 8= o|2 8l x S é, g S| s
mens | species S8is BISEZIZ |8 |8 @ WS B
g § I8 |S3(T |3a|251358(38|0ela8 |23]e2ls |82y §
3 S |2 [238.2353(28/88/38|82h S R85 8 §§53§ <
& £55.[58F5(85(55(8555 58 SRR
= L 3 S o3 S S o2 R 2 S g b = - S
3|3 R R R R
I I ] = | - EEARY - = % =
e & QR TETRT TR R R B RN TRRTBTIR R
East fork Nanushuk River (Cobble | None_._._.________ D U (RO R,
Stone Creek) 314 miles above mouth;
Patton, 1950.
Lower part of Desolation Creek and |.___. do .. 4] 0 || el
tributary, east of Siksikpuk River;
Patton, 1950.
Lower part of Autumn Creek, near |____. Ao 5| 8| Poor.... vr 1Q
junction with Siksikpuk River; =3
Keller, 1950.
Along Chandler River, south of Tuktu | 10-910 ft below 56 | 22 |...do....| wr-ab 912 9 1 2Q 1Q 1
Escarpment, approximately 2 miles base of Tuktu r
southeast of mouth of Kiruktagiak Formation.
River; Detterman, 1948.
On Chandler River, south of Tuktu | 920-1,430 ft below | 52 | 14 |.__do__.__ VI 1171Q | 5 1Q
Bluff; 1345-214 miles below mouth of | base of Tuktu ~r
Torok Creek; Detterman, 1948. Formation.
Okpikruak River approximately 4 | Lower beds.._____ b2 K | I SR S
miles above junction with Okokmi-
laga River; Kirschner, 1945.
Okpikruak River near junction with |_____ do. oo b2 N I DO P,
Okokmilaga River, Kirshner, 1945. X
Kurupa River, north flank Kurupa | At contact with 1} 1| Good._.. vr-ab 1t 1
anticline; Zumberge, 1947. Tuktu Formation. o
Near crest, south flank Awuna anti- | 240 ft section______ 6| 4| Poor.__. vr 3 2
cline, near east end; 114 miles east of v
of Section Creek; Whittington, 1947.
On Birthday Creek, approximately 1 | Top 20 ft of 1,700- 1| 1| Good._...| wvr-ab 11 1)1} 1 1 1
mile above junction with Awuna ft intermittent T
River, south flank Awuna anticline; exposure.
Troyer, 1947,
Near crest of Awuna anticline, approxi- | 120 ft of 1,700-f¢ 5| 5 _.do__._. vr-ab 21 3] 5| 5| 38 5 4 1
mately 0.7 mile below mouth of west | intermittent T
fork of Birthday Creek; Troyer, 1947. exposure.
Near crest of Awuna anticline, approxi- | 305 ft of same 26 | 26 [-_.do__.__ vr-ab 4| 71261811 5121 7| 4 9 38 6
mately 0.7'mile below mouth of west exposure.
{oﬂ; of Birthday Creek; Whittington,
Near crest Awuna anticline, approxi- | 65-ft section of 6| 5| Fair_____ vr-ab 31 3| 3] 1| 2 2Q 1Q 3Q | 2 1
mately 34 mile below mouth of west same exposure. vI-T
%rk of Birthday Creek; Whittington,
52.
Near crest Awuna anticline, approxi- | Lower 20 ft of 1] 1| Good.... ¢ 1] 1] 1] 1 1
mately 14 mile below mouth of west 1,700-ft inter- 5
fork of Birthday Creek; Troyer, 1949. mittent exposure
Top20ft of3,000- | 1| 1| Fair.____ vr 1 1 1
Noth fank A wuta siicine il | e v
above mouth of west fork of Birthday |{59 049 1t below 110 .
Creek; Troyer, 1047, toptiof 3,000-7t
North flank Awuna anticling, 1 mile | ‘500100
above mouth of west fork Birthday m[s)efcttti);gontmuous 5| 5| Good....| vrvab 112512 5;1]|35 1 1 2
Creek; Whittington, 1947, g I-¢
North flank Awuna anticline, 1 mile | Same section as 15 | 15 |___do.___- vr-ab 14| 3[15) 315 15 5 1 51 1] 6
above mouth of west fork ﬁirthday above. TC
Creek; Whittington, 1952.
North flank Awuna anticline, 214-415 | 220 ft of 1,200-ft 71 7).-.do..--- -vab 2 6| 41 2 3| 5 4 1Q) 2
miles above west fork of Birthday | intermittent vI-c
Creek; Troyer, 1947, exposure.
North flank Awuna anticline, 214-4}4 | Samples from 90 5| 5 |---do..._. vr-¢ 1 5| 8 5 2 1
miles above west fork of Birthday ft of above sec- T
Creek; Whittington, 1952. tion,
South flank Awuna anticline, on tribu- | None....._..______ 2| 2| Fair_____ vI-¢ 21 1)1 1
tary 214-3 miles east of Quartzite vIr

Creek; Troyer, 1947,
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TABLE 5.— Data for 523 outcrop microfossil samples from the upper part of the Torok Formation—Continued

Num- R .
ber of Number of samples in which characteristic species occur
samples
. Ratio
Quality . 3 S &
Ares, collector, and date Stratigraphic data of speci- | specimens 2R e wl=2le IS 18 |S 2
mens species 283 BIZZLE (& |8 | 3 8 S| B
3 g |g |S2[3 ””Ggfz"é‘gs = ggs.g‘ia 2588 &
2 2 12 |28 |5 |82 TRI0S nd e /S 3|S5 R B85S €
5 Bsls |S5E8|SEIE8|S8 _gg‘sgsmswsggamsagwg s
= :%zg§<§’§§e§ E'§'§§o§ E§'§'¥§353p§‘§§f~§ﬁ-ﬁ &
21% N R e e N R S e R I
813 S55E|a2]58|s8|58|s5|s3| S| SlES|SR(E8|3B 5558 &
E|m AR ERSERRREFERE RRNREPPRIS
Awuna anticline and Quartzite Creek, | 330-ft section near | 14 | 14 | Fair._.__ vr-vab 1| 2|10 2 9 11 3
534 miles above junction with Awuna center of breach- vIc
River: Whittington, 1947, ed anticline,
Awuna anticline and Quartzite Creek, | 160 ft near center 10 | Good.... vr-c
5} miles above junction with Awuna of breached . vIT
River; Whittington, 1952, anticline.
North flank Awuna anticline, 6-10 miles | 3 sections, each Fair____ vr-vab
above mouth of Quartzite Creek; 100~150 ft thick. Yrr
Whittington, 1947,
On Colville River near Etiviuk River; | None-._...____..__ Poor....| vr-vab
Thurrell, 1947, vr
Three miles west of Etivluk River | ____ Aol _..do.....{ vr-vab
near Colville River; Thurrell, 1947. vr
At junction of Colville River and Ipna- |_____ [« 1 S __.do.... Vvr-¢
vik River; Thurrell, 1947. r
South side of Colville. River, 5 miles |_____ S 1 S ---do-----| 1 specimen
west of mouth of Ipnavik River to 714
miles east of Lost Temper Creek;
Detterman and Lachenbruch, 1949,
Kuna River, approximately mile |_.__. QO e B 0 oo |emmmmmiemeee
above junction with Colville River;
Mangus, 1949,
South flank Lookout Ridge syncline, | ____ [ 10 Y, Poor__.. vr
%149 Grayling Creek; Whittington, 3r
Axis of Carbon Creek anticline, long |_____ [ 1s Y __.do.... vr-c
158°30’-40’ W.; Whittington, 1949. vr
Tributary of Carbon Creek, Carbon |____. [ 1 T __.do__._ vr
Creek anticline, lat 69°12’ N, long 3r
158°46" W .; Keller, 1949.
Tvivgt?lgmiles east of the above; Keller, |_____ A0 _..do___._| 1 specimen
Headwaters of Carbon Creek, north of | 500 ft belowtopof | 7] O | . _____|coo__—.__
%g)bon Creek anticline; Whittington, 2,800-ft section.
Tributary of Carbon Creek, near long | None......._____.. Poor_ ___ vrr
igﬁ; Carbon Creek anticline; Keller, vr
Utukok River, north flank of Carbon |___.. [+ 10 Yo B TN N 1 N O H U
Creek anticline, 3%-4 miles above
mouth of Elusive Creek; Bickel, 1953.
Junction of Reynard Creek and Colville |_____ [ 1 . Poor___. vr-c
River northeast of Noluk Lake; Web- vIr
ber, 1948.
From 0.1 mile north of Colville River to | 350-3,500ftbelow | 5| 0 (. ________ | ...
1.8 miles north, along stream between top of 5,600-{t
11%151% 160°3’ and 160°4’ W.; Morris, section.
Near bend in Colville River, 214 miles | 4,700ft belowtop | t{ 0 | _________| ...
northwest of west end of Lake Noluk; of 5,600-ft sec-
Sable, 1951. tion,
On Colville River, north flank of Meat | 1,500ft belowtop | 1| O | . . . |-o.oooo.c_.
Mountain syncline; Sable, 1951, oif 5,600-it sec-
tion.
On Colville River, 4}4 miles below | 32-3,300 ft below | 2| 0 | __._ . . |- cccooo-
mouth of Thunder Creek; Sable, 1951. topﬁof 5,600-ft
section.
On Colyille River, from 0.9 mile above | From more 3,500 | 5 0 | ______ . |.._._...._.
mouth of Thunder Creek to 114 miles ft to 5,500 {t below
below mouth; Sable and Morris, top of 5,600 ft of
1951. beds.
North flank of Driftwood anticline. | Uppermost part Poor. ___ vr
Driftwood Creek; Sable, 1950. of formation; vr
150t section.
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TaBLE 5.—Data for 523 outcrop microfossil samples from the upper part of the Torok Formation—Continued

Num-
ber of Number of sa mples in which characteristic species oceur
samples
Ratio
. ) Quality ; 8 . -
Area, collector, and date Stratigraphic data of speci- | SPecimens X8lo . § O b o
w» | mens species S8 283 .18 & |8 sles SRR
2 S |5 S35 |EslesRREsSaSel (5588 [sE3sl
1) S 3 k-] iy S0 K3
& ER e §§§§-§§'§§ 253353353555 5
-~ |2 2225|888 S5 |8E[eSise|o2 35858522 8888t ©
s | 3 28|38|2 8|28 (S3|SS|S S SS 332 E|=2|S5|55[53(58585] 8
=1g EREHER RIS R R S SH R EEES
SHR AR A RRERRTEPRETERE | SOk [R
West bluff Kokolik River on south | 150-ft section, 15| 9| Poor____ vr 4 8 4 5Q
flank of Archimedes anticline, near base equivalent Ir
crest; Whittington, 1952. to top of follow-
ing section.
(AR-C) lowest 14 2/ __do..... 3 speci- 2
129 ft of approx- mens
imately 1,150 ft
section (some-
where in upper
part of forma-
tion).
(AR-D) 207 ft 20 | 14 [.__do...-. vI-C 8 7 2 4 2 1
stratigraphi- I
cally higher
than AR-C
(AR-E) 164 ftof |16 | 2 |[___do__._. vr 1 2 1
same section, Ir
base begilgling
in upper 14 of
AR—]l)).
(AR-F) 83 ft of 8| 1| _.do__. 1 speci- 1
1,150-ft section men
(higher than
AR-D).
Along west bluff Kokolik River on [|(AR-G)120ftof | 12| 3 |...do..... 4 speci- 1 3
north flank of Archimedes anticline same section, mens
extending from crest to 114 miles part equivalent
downstream to the northeast; Whit- to AR-F.
tington, 1952, (AR-H) 127 ft, 13| 3 |--_do_.._. vr 3 1
of same section: T
lower 30 ft
equivalent to
upper 30 ft of
AR-G.
(AR-D) 117 ft of 12| 4 |..do_.._ vr 2 3
same section Ir
with 50 ft equiv-
alent to part
of AR-H.
(AR-J) 104 ft of 10| 8 |...do.___. vr 6 2
same section, 3r
stratigraphi-
cally higher
than AR-I.
(AR-L) upper- 36 | 15 |-._do._. vr-¢ 6 11 1 3] 2
most 340-350 ft 5
of 1,150-ft sec-
tion.
Kokolik River, south, flank, Blizzard | 1,000 and 1,100 ft 20 1 |aoos 6 charo-
anticline; Sable, 1949. below top of phytes
1,900-ft ex-
posure.
Kokolik River, north flank, Blizzard | 1,700 ft below top 20 0 oo
anticline; Sable, 1949. of same ex-
posures.
Kukpowruk River, 2-6 miles south of | None.___._._______ 6| 6| Poor___. vr-¢ 5 1Q 2 1Q
axis of Raven Basin syncline; Chap- 5T
man and Sable, 1949,
Kukpowruk River, Raven Basin syn- | Lower beds.______ 8 4 |...do.__.. vr 4
cline area; Sable, 1949. Ir
Kukf)owruk River, approximately 4 | 150 and 250 ft 2| 1|._do..._. vI-¢ 1 1Q 1
mile below mouth of Deadfall Creek; below top of 3T
Sable, 1949, 400-ft exposure.
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Tuktu Formation as far east as the Saviukviayuk River
near long 149° W., and they measured 800 feet of inter-
bedded siltstone, shaly siltstone, and silty sandstone on
the east side of the mesa at Marmot syncline. This
syncline lies west of the headwaters of Sagavanirktok
River between lat 68°45” N. and lat 68°50” N.

The Tuktu Formation has been mapped westward
from the type locality at Tuktu Bluff on the north side
of the Chandler River to about long 156° where it
merges with the Kukpowruk Formation.

The Tuktu Formation is described (Detterman, 1956,
p. 234) as predominantly green to greenish-gray fine-
grained sandstone and subordinate siltstone and silt
shale. It is commonly thinly bedded. At the type lo-
cality the formation is 1,030 feet thick. Megafossils
from the formation are much the same as those found
in the upper part of the Torok Formation and are iden-
tified as middle Albian in age (Imlay, 1961, p. 4) as
are also some of the species of Foraminifera. The mi-
crofaunal assemblage is also much like that found in the
upper part of the Torok Formation and is part of the
Verneuilinoides borealis faunal zone. Pertinent data
on diagnostic Foraminifera found in 92 fossiliferous
samples from the Tuktu Formation are given in table 6.
Samples examined are all from the area between the
Anaktuvuk and Kurupa Rivers.

GRANDSTAND FORMATION (ALBIAN)

A sequence of marine and lagoonal sands and sand-
stone with subordinate amounts of shale overlies the
Tuktu Formation along the Anaktuvuk River southeast
of the Petroleum Reserve; it is described as the Grand-
stand Formation by Detterman (1956, p. 235). His
lithologic description is as follows: “The basal part of
the formation is predominantly fine-grained, light olive-
gray to dark yellow-red sandstone with a thin, greenish,
salt-and-pepper sandstone bed at the base, and subor-
dinate amounts of siltstone and shale. In the upper
part, siltstone and silt shale constitute about 50 percent
of the unit; minor amounts of coal occur within this
sequence.” At the type locality the Anaktuvuk River
breaches the Grandstand anticline, and 1,700 feet of the
Grandstand Formation is exposed; the upper part of
the section interfingers with the lower part (Killik
Tongue) of the nonmarine Chandler Formation (Det-
terman, 1956, p. 237).

The Grandstand Formation is exposed only in the
central area of the northern foothills region and is re-
placed westward and southward by the Killik Tongue
of the nonmarine Chandler Formation. In the eastern
area of the foothills, the Torok Formation is overlain
by the Tuktu Formation (Keller and others, 1961, p.
202), but in the western foothills the Kukpowruk For-
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mation occupies this stratigraphic position (Sable, 1956,
p-2637). In the subsurface the Grandstand Formation
is thickest in Grandstand test well 1, where a few hun-
dred feet of the formation occur. In many of the test
wells in the foothills and Arctic coastal plain, however,
sections that have been referred to the Grandstand in
published reports (Bergquist, 1956b; Collins, 1958a,b,
1959; Robinson, 1956, 1958a, 195%a,b) are considered
here as Tuktu and (or) Grandstand Formations undif-
ferentiated.

Megafossils obtained from outcrops of the Grand-
stand Formation are relatively few but are similar to
those from the Tuktu Formation and the upper part of
the Torok Formation ; they indicate an Albian age (Im-
lay, 1961, p. 16, tables 6, 12). Microfossils are limited
to a few Foraminifera of the Verneuilinoides borealis
zone, but species that are characteristic of the Tuktu
Formation and the upper part of the Torok Formation
are absent. Some Foraminifera, such as Ammobaculi-
tes were Tormerly attributed to the formation (Detter-
man, 1956, p. 236), but in northern Alaska these genera
are now known to be from beds that are older than the
Grandstand Formation. Onehundred and ten outcrop
samples from the Grandstand Formation and its inter-
beds with the Chandler Formation (Killik Tongue)
were examined for microfossils; 74 samples were fossil-
iferous, but yielded only a very small foraminiferal as-
semblage. Pertinent data on the samples are given in
table 7.

CHANDLER FORMATION (ALBIAN TO CENOMANIAN?)

A sequence of beds that are largely nonmarine occurs
in the: upper part of the Nanushuk Group in the north-
ern foothills; these beds are named the Chandler For-
mation from exposures along the Chandler River (Gryc
and others, 1951, p. 164). The Chandler Formation
overlies the Tuktu Formation southward, but toward
the north the lower part interfingers with the Grand-
stand Formation. The lower and thicker part of the
Chandler Formation was described as the Killik Tongue
by Detterman (1956, p. 237), who has redefined the
upper part as the Niakogon Tongue. At the type lo-
cality along the east bank of the Killik River between
lat 68°52” N. and 68°55" N. at long 153°26” W., the
Killik Tongue is 2,815 feet thick (Detterman, 1956, p.
237) ; whereas the Niakogon Tongue, at its type locality
on the Killik River 10 miles upstream from the conflu-
ence of the Killik River with the Colville River, is about
650 feet thick (Detterman, 1956, p. 240).

Killik Tongue

The lower part of the Killik Tongue is described by
Detterman (1956, p. 238) as 1,095 feet thick and consists
of thick-bedded bluff-forming sandstone, carbonaceous
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TaABLE 6.—Data for 127 outcrop microfossil samples from the Tukiu Formation

Specimens_

Number of samples: Total, 127; fossiliferous, 92.

Indicates ratio of abundance of all specimens to all species in fossiliferons samples.

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

Species
[Q, indicates one or more questionable identifications in some samples; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)}

Number of Number of samples in which characteristic species
samples oceur
. 3
Quility | " \Sg |y sl [ 12 |5 g3
Area, collector, and date Stratigraphic data of specimens [E 5|8 |3 SIS 18 |8 | S [S8] 8
3 ecimens| 22 S S |2=(32S5I88|F (S|B9 8
e ? species | 5512 ISe S T E(TE(35]h|e8| g 5] 8
=.2)S 8|8 =Se|ER 3
s SRR R R
R BS(SE|ES|SS|SS(SSIESIES(SE| R |5 B
k-3 3 YR EN R EE R I SE AR R RS
& | = ETRTIRTRTR RO R RS R R
Nanushuk River below junction of east fork Peregrine | 240-950 ft below top. .. 3 3 | Good....| vr-ab 3( 3 3 2 1
Creek; Patton, 1950. T
East side Nanushuk River at north flank Arc Moun- | 500-600 ft below top_. . 3 3| Poor.... vr 2 1
tain anticline; Webber, 1947. T
West end of Arc Mountain anticline; Patton, 1950_ ____ None...............___ 4 3| Good....| vr-ab 31 3 2 3 1 1 1
vr-r
Nanushuk River, east end Rooftop Ridge anticline; | 25-280 ft and 420-530 3 2 | Fair..... vI-C 2| 1 2 1
Detterman, 1953. ft below top. ~r
South flank Rooftop Ridge anticline, west side Nanu- | 160~1,240 ft below top_ 5 4| __do._... vr-vab 37 2 1 4
shuk River; Webber, 1947. vrr
Malemute Creek (Nanushuk River area); Keller, 1950.| In lower 100 ft.._._..___ 5 4| Good....| vr-ab 4| 4| 4 4 1
r
Kanayut River, junction with Anaktuvuk River; | 80 ft below top....____ 1 1| Poor.._. vr 1Q
Detterman, 1953. T
A11185k3tuvuk River, Kanayut River anticline, Bickel, | None.__.___________.__ 1 1| __do..._.| vrab 1 1 1Q
. vr
Chandler River, west end Big Bend anticline; Detter- | TOP-.. o oo 1 1| Fair.....| vr-ab 1|1 1 1
man, 1948. T
Cllxéarsdler River at Grandstand anticline; Detterman, | 300-500 ft above base__ 8 71 _.do.....| vrab 5| 6 1Q| 21 3
. vI-r
Near t0p oo &) 8 | Good....| vrab 4| 8)1Q| 4 2
Riv anticline; vr¥
Clz}alx_lydcl,eig 4g‘ver at Big Bend anticline; Detterman and 50-260 £t below top. _ . 5 51 do | veab sl 5| 4 4 1
vr-r
Trouble Creek at Big Bend anticline; Bickel and Det- | 160~200 ft below top. .. 2 2 |...do_... ab 2| 2 2
terman, 1948. r
Chandler River at Tuktu Bluff; Detterman and Grye, | Type section base to 6 2 | Poor..._. vI-¢ 1| 2 1Q 3
1948. 276 ft above. vr
Fossil Creek, 2-6 miles above junetion with Colville | 1,360-ft section____.___. 14| 12| Good.._.| vr-ab 12112 2 9|12 21 1| 7| 3
River; Detterman, 1947, r-c
Pediment Creek below junction of Okpikruak River | None_.____________.____ 1 (U P I,
and Okokmilaga River; Detterman, 1953,
114 miles south of junction of Killik-Okokmilaga Rivers; |..._. do_..____________ 1 LU TR I
Warner, 1945.
Killik River, 1 mile above mouth of Okokmilaga | 30-60 ft below top.._.._ 1 1 Fair___. vr-ab 1 1
River; Detterman, 1953. vr
Kilgik River at Oolamnagavik syncline; Detterman, | Upper 75-100ft________ 1 1] _do..__. yrr 1Q| 1 1
53. vr
Coal Creek, 10 miles above junction with Killik River, | None__________________ 1 11 Good.... vr-¢ 111 1
east end Kurupa anticline; Bickel, 1953. T
Killéai;k River, east end Kurupa anticline; Kirshner, | Basal__________________ 2 O | .
5.
Killik River, east end Kurupa anticline; Warner,1945___| None__________________ 1 O |
Killik River, east end Kurupa anticline; Detterman, [ 5-120, 330-510, and 3 2 {"Poor..__ r 1Qf 1 1
670-810 ft below top. T
Killik River at Kurupa anticline; Bickel, 1953__.__.___ Lower half________.__ 8 4| Fair.____ vr-e 11 1)1Q
r
Colville River, west of junction with Killik River; | None...._____.___.___.__ 2 LU R R,
Bickel, 1953.
Oolamnagavik River, 3-6 miles above mouth of east | At contact__.____.___. 1 1| Poor..._| 1 specimen 1
fork; Thurrell, 1946, 1
Near mouth of east fork Oolamnagavik River, and | Upper part.._____._____ 3 1 _ _do..... vr-ab 1|1 1 1
extending 1 mile above; Thurrell, 1946, vr
East side Oolamnagavik River near junction with |.____ A0 1 1| Fair____. rab 1Q | 1 1 1
Colville River; Thurrell, 1946. r
Ct;lgv5i311e River, west end Killik Bend anticline; Bickel, | Near top_____.________ 2 1l _do._... vr 1|1
. vr
Near Aupuk gas seep, south side Colville River, near | None________.___.._.___ 1 1| Good....| rvab [|1Q| 1] 1 1
crest, east end Aupuk anticline; Thurrell, 1946, r
Northside Colville River, north flank, east end Aupuk |_.___ Q0o 1 1| _do..... vrvab | 1| 1 1
anticline; Thurrell, 1946, r
Tributary near mouth of Oolamnagavik River; 4 miles |_____ Q0o 1 1] Fair_.... vr 1 1
west of Killik Bend; Thurrell, 1946. vr
Kurupa River, 7 miles above junction with Colville |.._._ A0 1 (L T I,
River; Thurrell, 1946, 8 2 2
Kgreupa 1%%“ at north flank Kurupa anticline; Zum- | 1,200-ft section.____._.. 8 Good....| vr-ab 71 7 3} 2 2Q | 6 =
rge, 1946, o
1
Kurups River, 5 miles above junction with Colville | None_.._.__________. 8| 2| Fair... vr-ab 2| 2
River; Chapman, 1947, VI 3| 6 4 2] 1
South bluff Awuna River, 7}4 miles southwest of junc- { Upper part_...________ 8 6 __do_____ vr-ab 6/ 6
with Colville River; Zumberge and Thurrell, 1947, vI-¢ 1 2
North side Colville River, 1 mile northwest of mouthof | None_..___.._.________ 2 2| poor.__. vI-¢ 2
Etivluk River; Zumberge, 1947. r
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TABLE 7.—Data for 110 microfossil samples from the Grandstend Formation

Number of samples: Total, 110; fossiliferous, 74.

E%;;—Tile?-s : Indicates ratio of abundance of all specimens to all species in fossiliferosu samples.
[Q, indicates one or more questionable identifications in some samples; VT, very rare; T, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]
Number Number of samples in
of samples which characteristic
species occur
o = ®»
; =5 = B
Quality of Ratio 3 % §
Area, collector, and date Stratigraphic data specimens specimens b3 S 3
species $ § g 3
3 3 & | 2 £
] g 2 3 8
] 5| § g -
s | 2 S| E|5|%
g =) K
S S A
Nanushuk River, below mouth of east fork, west end Arc | 320-660 ft above base. . __.._____. ... 1 1| Good-o____ vr-vab 1 1
Mountain anticline; Patton, 1950. vr
Kanayut River at junction with Anaktuvuk River; Detter- | Interbedded with Killik Tongue of 2 1| Poor__._._._ vr 2Q
man, 1953. Chandler Formation. 3T
South side Chandler River, 2 miles north to 6 miles northeast | Interbedded with Killik; 240-1,580 ft 18 F: 2 (R [ 1 T vr-¢ 2
of Tuktu Bluff: Detterman and Gryc, 1948. above Tuktu Formation. T
West end of Hawk anticline, 5 miles north of Hatbox Mesa; | Interbedded with Killik___._.___________ 2 b I R [ [V T vI-r
Detterman, 1952. vr
1,700-ft section, interbedded with Killik. 6 4 |oooo doooeo vr. 2 2Q
i inas vr
Chandler River at Grandstand anticline; Detterman, 1048... 100 o0 oo oo0 n, 500-800 ft above Tukiu 3 7| Fair___ vrab 5 1 3
Formation. vI-r
C}lxgildler River, west end Big Bend anticline; Detterman, | 600-900 ft above base_ ... _.._. 5 [ 3 S [+ [ M— vr-vab 4 4
8. vrI-T
Fossil Creek, 5-10 miles above mouth (junction with Colville | Several hundred ft of intermittent ex- 5 4| do..-.__ vr-¢ 2
River); Grye, 1946. posures. Tyr
Fcisgsg Creek, 2-6 miles above Colville River; Detterman, | 10-740 ft below top(?) ... ... ... 10 6 | Good....... vr-ab 4 1
. vr-T
N}nggluk Creek syncline, south of Fossil Creek; Detterman, | Interbedded with Killik ... 1 11| Poor._.._... vr
2.
Near mouth of Okokmilaga River (Killik River junction); 1 1
Detterman, 1953,
Oolamnagavik syncline at Killik River; Detterman, 1953____
Killik River south limb Kurupa anticline; Detterman, 1853_ 1 1
Coal Creek, 10 miles above junction with Killik River; | 50-350 ft below top(?) ... . ... 4 4| Good........ vr-ab 4
Bickel, 1953. vr
Killik River, Killik Bend; Detterman, 1953_ . _____________. Interbedded with Killik; 880 ft exposed. 5 4 | Poor__.___.. vr 2
vr
North flank Killik Bend anticline, north side Colville River; | Lower(?) part. ____.______.______________ 1 1| Fairo.__.__._ vr-ab 1
Thurrell, 1946. r
East side Oolamnagavik River near junction with Colville | Interbedded with Killik_._._____________ 3 3 | Fair-good.._. vI-vab 1
River; Thurrell, 1946. VI-T
West bank Colville River at Killik Bend; Detterman, 1953_ ... A0 e e 2 1| Poor.____.._ r 1
vr
Colville River, west end Killik Bend anticline; Bickel, 1953_|.____ A0 5 3| Fairo.______ vI-C 2 1
‘West bank Colville River, 3 miles northwest of Killik Bend; |..___ A0 e L. 1 1| Poor.__..___ VI 1Q
Detterman, 1953. ﬁ
‘West bank Colville River, 5 miles northwest of Killik Bend; |..._. Lo T 3 2 R do__..___ vr-ab
Bickel, 1953, Tvro
‘West bank Colville River, 7 miles northwest of Killik River; |_____ A0 1 1. do..._.__ vr
Detterman, 1953. vr
South side Colville River, 4-6 miles above junction with | ____ A0 . 3 3| Good.._.___. e-ab 2
Oolamnagavik River; Chapman and Thurrell, 1946. vr
Colville River, east end Aupuk anticline; Reynolds, 1850..__|..._. 6 o S 3 2 | Fair-poor.._. vr-ab 1 1
vr-r
South flank, east end Aupuk anticline, Colville River; | .___ A0 5 4| Good_______. vr-¢ 3 1
Thurrell and Chapman, 1946. r
Kurupa River, 4 miles above mouth (junction with Colville | 950-1,150 ft above Tuktu Formation_.. .. 2 b . do__..._. vr-ab 2 2
River); Zumberge, 1946. -
N({;% flank Kurupa anticline, Kurupa River; Zumberge, | 260-700 ft above Tuktu Formation._____. 3 2| Fair__.______ vr 1 2
- vr
Colville River, 15 miles above junction with Awuna River to | Interbedded with Killik_________________ 6 4| ____ do__...._ vr 2
10 miles below junction; Thurrell, 1947 vr

1 Not diagnostic.

775-799 0—66——3
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siltstone, and silt shale that contains numerous coal
seams. The upper 1,720 feet of the Killik Tongue at
the type locality is characterized by a series of massive
quartz conglomerate ledges and beds of sandstone that
are thinner, finer grained, and more argillaceous than
those in the lower part; siltstone and silty shale are
more abundant, but coal is present only as thin seams
(Detterman, 1956, p. 238).

The Chandler Formation is not present in the western
part of northern Alaska; in the eastern part of the foot-
hills, the Killik Tongue was recognized only at Mar-
mot syncline (Keller and others, 1961, p. 202), where a
2,500-foot, section of nonmarine sandstone, conglom-
erate, siltstone, shale, and coal is partly exposed.

Foraminifera listed by Detterman (1956, p. 237-238)
as characteristic of the Killik cannot be regarded as such
because most of the species found are a few long-ranging
forms of the Verneuilinoides borealis faunal zone. In
particular, Ammobaculites humei Nauss should be ex-
cluded from Detterman’s list, as species of Ammobacu-
lites have not been found higher in the section than
the Tuktu Formation. I believe that the fossiliferous
rocks considered by Detterman to be the Killik Tongue
represent thin marginal marine intertongues of the
Grandstand Formation and that the fauna represents
laggards or the last evidence of marine forms in the
Albian deposits.

Outerop samples from the Killik Tongue that were
examined for microfossils are grouped with samples
from the Grandstand Formation in table 7. In the
subsurface in the foothills and coastal plain, the Killik
Tongue was identified in several test holes.

Niakogon Tongue

The Niakogon Tongue, which is lithologically sim-
ilar to the Killik Tongue and which everywhere is sep-
arated from it by a thin section of marine Ninuluk
Formation, is the uppermost part of the Chandler For-
mation (Detterman, 1956, p. 240). Only eight out-
crop samples from this tongue were collected for micro-
fossil examination (table 1). Two of these contained
a few specimens of Saccammina lathrami Tappan. All
the samples are from the Kurupa River and Kurupa
anticline area.

NINULUK FORMATION (CENOMANIAN)

The uppermost part of the Nanushuk Group is a se-
quence of a few hundred feet of marine siltstone, clay
shale, sandstone, and conglomerate which conformably
overlies the Grandstand Formation or the nonmarine
beds of the Chandler Formation. Detterman (1956, p.
241) described this as the Ninuluk Formation. At the
type locality of the formation at Ninuluk Bluffs on the
Colville River, two units of the nonmarine Niakogon
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Tongue totaling 261 feet in thickness interfinger with
about 657 feet of the Ninuluk Formation about mid-
way in the section (Detterman, 1956, p. 242).

The Ninuluk Formation is described by Detterman
(1956, p. 242) as follows: “Greenish gray siltstone, silt
shale, and dark blue-gray clay shale constitute about
60 percent of the sequence. Coarse clastics account for
most of the remainder. Several thick sandstone units
are present near the top of the formation. Stringers
and lenses of grit-pebble conglomerate are present at
intervals throughout the coarser clastic units. The
sandstone grades from salt-and-pepper through various
shades of gray and yellow-red. Most of them have a
distinct greenish cast. Siliceous, argillaceous, and fer-
ruginous concretions are commonly associated with the
siltstone and silt-shale units. The interfingering non-
marine Niakogon Tongue contains numerous thick coal
beds and thinner bentonite beds.”

South of the Colville River the Ninuluk Formation
has been recognized from the Nanushuk to the Killik
Rivers, and north of the Colville River it crops out in
the area of the Ikpikpuk and Titaluk Rivers. In the
eastern part of the foothills, the Ninuluk Formation
has been recognized only at Marmot syncline, where
about 100 feet is exposed (Keller and others, 1961, p.
203).

In the subsurface the thickest section of the Ninuluk
Formation is in Titaluk test well 1, where nearly 600
feet was penetrated. The formation was identified in
the Wolf Creek test wells and in Square Lake test well
1. In the Square Lake test, it seems to interfinger with
the Killik Tongue of the Chandler Formation. In the
Umiat field the formation is relatively thin, and it was
not found in three (2, 3, and 4) of the 11 test holes. In
the Gubik test holes, an even thinner section than that
occurring in the Umiat field interfingers with the Chan-
dler Formation. The Ninuluk Formation was not rec-
ognized in the test holes in the coastal plain.

Inoceramus dunveganensis McLearn found in the
Ninuluk Formation relates the beds to the Dunvegan
Formation in Alberta and British Columbia (Imlay,
written commun., 1956; Jones and Gryc, 1960) and
affixes 2 Cenomanian age. Foraminifera are limited
largely to two species of Gaudryina and Trochammina
and form a zone distinctive from that found in the Al-
bian beds of the Nanushuk Group. Of the outcrop sam-
ples examined (see table 8), less than 60 percent con-
tained microfossils. These microfossils are principally
two species of Foraminifera, Gaudryina irenesis Stelck
and Wall and Zrochammina ribstonensis subsp. ruther-
fordi Stelck and Wall. One sample given in table 8
contained only a few specimens of the long-ranging
Saccammina lathrami Tappan. A few samplesin table 1



MICROPALEONTOLOGY OF THE MESOZOIC ROCKS OF NORTHERN ALASKA

TABLE 8.—Data for 148 outcrop microfossil samples from the Ninuluk Formation

Number of samples: Total, 148; fossiliferous, 85.

Speclmens

Indicates ratio of abundance of all specimens to all species in fossiliferous samples.

Spec
[Q, questionable identification; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]
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Number of samples
Number of in which char-
samples acteristic species
ocecur
Ratio —
Area, collector, and date Stratigraphic data Quality of i S=.. 8
’ ’ erap a specimens Spedimens - £ 2% £
3 species SR 255 8
g <8 |Es%| €%
= T g |223) =8
3| & 35 I53%] 5%
= % S8 |SEF &8
<) 3 S | & =~
= = (<) &= &~
Nanushuk River, 5 miles above mouth; Webber, 1947___ _____.__ NONe e 1 1 1
Tuluga River, Grandstand anticline; Detterman, 1952____________ 100 ft above base. ... _.______.___ 1 0
Trouble Creek (east tributary to Chandler River), south of Big | 400 ft above base_ ... ___.__ 1 0
Bend anticline; Detterman, 1952,
West enl% 50; Hawk anticline near east fork Ayiyak River; Detter- | Lower 300400 ft_______________________ 3 2 1
man,
Clbandleligﬁlver, at Big Bend anticline; Detterman 1948 and 1952; | From base to 400 ft above base________ 7 0
ryc .
Chandler River at Big Bend anticline; Detterman, 1948 and 1952.| 170 ft exposed. .. . ___. 3 1
Ayiyak River, at Grandstand anticline; Detterman, 1952 _______ 660-ft intermittent exposure____...____ 4 4 1 3
T%limlga{y of Ayiyak River, 6 miles above Wolverine Creek; | 810 ft exposed. ... ... ____._____ 4 4 4
cke:
North side Colvllle River, approximately 4 miles upstream from | From 40 ft below top to base of 180 ft 9 5 3
mouth of Prince Creek; Kirschner, 1945; Detterman, 1947; exposure.
‘Warner, 1947. 2
On Fossil’ Creek, approximately 94 miles above mouth; and ap- | From section 30-370 ft above base of 4 2
{)&)xh‘nately 14 miles airline S. 55° W. of Umiat; Detterman, 540-ft intermittent exposure.
Ninuluk Creek, syncline, south of Fossil Creek; Detterman, 1952_{ From base to 100 ft above base___.____ 4 0
Olé Fossﬂ Creek approximately 4 miles south ‘of Colville Rlver, 150 ft above base of 280-ft intermittent 1 1
l‘yc exposure.
N gguluix Creek west end of Grandstand anticline; Determan, | Nearbase___.__._________________._.__ 1 0
On stream 4 miles west of Fossil Creek, and 214-3 miles south of | At 200 and at 640 ft below top of 1000-ft 2 [ ! SR
Colville River; Detterman, 1947. intermittent exposure. .
Area west of Ninuluk Creek, a Eproxlmately 2 miles south ofsouth- | 900 ft below top of 1200-ft intermittent 1 1| Poor __...... 2 specimens 1Q
east end of Ninuluk Bluﬁ athram, 1 posure.
South side Colville River between west end of Ninuluk Creek | Contact with Seabee Formation___.___ 1 [ A R,
syncline and Little Twist anticline; Warner, 1945. 3
South side Colville River, southwest end Nintdluk Bluff: approxi-| 70-870 ft below top of 900 ft exposure 46 26 | Fair.___._...__ vr-ab 20
mately 32 miles airline southwest of Umiat; Detterman 1947 and with intertongues of Niakogon. vrr
Kirschner, 1945,
Adjacent to Prince Creek; 12-18 miles above mouth (junetion | None____ ... .. _____________________ 2 (1 P I,
with Colville); Detterman 1953. 3
Coal Creek, 1-2 ‘miles above junction with Killik River, and on | 700-ft eXposure - - ___...__..oooo____. 5 4| Poor_.___._.._ yr
Kilik Rlver 2-5 miles below mouth of Coal Creek, between vr
Kurupa aticline and Awuna syncline: Bickel and Detterman,
Killik River; Kirschner, 1945__________________________._____.____._ Basal - e 4 1| Good_._.___._. vr-vab 1
vr
Colville River at Starfish Bluff approximately 7 miles northeast | None______ ... . ... 2 2| Fair____.__.___ vr-ab 1
of mouth of Killik River; Detterman, 1953. vr
South side Colville River, north flank Killik Bend anticline; | ... A0 3 [ SN F .
‘Warner, 1945.
South flank, east end Wolf Creek anticline headwaters of Wolf | TOp. .. oo 1 0
Creek; Ra 1946, 5
North flank, east end Wolf Creek anticline; Ray, 1946 _________ 100-ft €XPOSUTe - - oo 6 6| Good- ... vr-vab
vrT
Headwaters of Maybe Creek, approximately long. 153°35’; Ray, | 630-670 ft below top of 700-ft. intermit- 3 2| Poor........_. vr-¢
1946. tent exposure. vr
‘Weasel Creek anticline near long. 154°; Fischer, 1946_________.___ 500 ft below top of 700-ft intermittent 1 1. do. - yr 1Q
exposure. vr
Maybe Creek; approximately 1} miles airline southeast of | 150-ftexposure_. . ______._______ 2 2 | Faire...___.__ vr-¢ 2
junction with Kigalik River; Webber, 1947. vr
Ikpikpuk River, south flank Titalik anticline; Webber, 1947__._| 210-ft eXposure - . ... __.____________. 3 2| Good.ooeo-oo - a-vab 2
vr
Ikpikpuk River, south flank of Titaluk anticline; Webber, 1947_ _| NOD€ .o oo oo oo 2 2| Poor.__.__._.. yr
vr
Titaluk anticline, Tkpikpuk River; Webber, 1047 _______________ Y 1 1| Good.o....__. ab 1
vr
Wlegs:70f Ikpikpuk River, north flank Titaluk anticline; Webber, | 80-ft exposure . ____._.__ .. ... ... 1 1| Fafro.__.._. T 1
. vr
Ikpikpuk River, between lat. 69°36’ and 69°37’; Webber, 19047____| 110 ft exposure. .. ... 5 [ 3 p— do____..__. vr-vab 5
. VYT
Titaluk River, Iat 69°38'; Webber, 1947 ____________________ NODO ool 1| 1| Good ..__..... ab B
vr
Titaluk River, approximate lat 69°41/20’; Webber, 1947__________|_____ A0 2 2| PoOr ..o hAs 2
vr
Titaluk River, approximate lat 69°47’ to 47'30"; webber, 1947____ ______________________________________ 3 [ do ... 3 specimens }
Tkpikpuk River, south flank Billy syncline; Webber, 1947 .. Tn 00t eXpOSUre . _____.______.__._. 3 1| Good.._..... _yr-vab
vr
IkBlkpuk River, approximately 8-12 miles above junction with | 350 ft of intermittent exposure___._____ 5 4 | .. o [ vr-ab 4
rice River; Webber, 1947, vr
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were not given in table 8 because of insufficient locality
data.
COLVILLE GROUP

Upper Cretaceous beds aggregating 5,500 feet in
thickness form the Colville Group and unconformably
overlie the Ninuluk and Chandler Formations of the
Nanushuk Group. The “Colville series” was a name
originally proposed by Schrader (1904), but this series
was redefined by Gryc, Patton, and Payne (1951, p.
164) to include rocks along the Colville River “from
approximately the junction of Prince Creek east and
north to the 70th parallel.” These authors defined the
Colville Group as consisting of the nonmarine Prince
Creek Formation and the marine Schrader Bluff For-
mation, and they considered these two formations to
be approximately equivalent in age. They further di-
vided the Schrader Bluff Formation into three members
(Seabee, Tuluga, and Sentinel Hill) and designated the
type locality of the formation at Schrader Bluff on the
Anaktuvuk River just south of the Tuluga River. The
Prince Creek Formation as defined by Grye, Patton,
and Payne (1951, p. 166) includes all nonmarine beds
above the top of the Niakogon Tongue of the Chandler
Formation and the intertongues with the Schrader Bluff
Formation; the lower part of the formation is the
Tuluvak Tongue and the upper part, the Kogosukruk

Tongue.
SEABEE FORMATION (TURONIAN)

The oldest marine unit of the Schrader Bluff Forma-
tion was redefined by Whittington (1956, p. 246) as the
Seabee Formation from beds exposed along Seabee
Creek, a tributary to the Colville River in the vicinity
of Umiat. The predominantly dark-gray clay shale
beds crop out in the Arctic foothills, and in the vicinity
of Umiat the maximum thickness is 1,500 feet. The
only complete section, however, is in Umiat test well
11. The formation has been identified in five other
wells in the Umiat field, in test holes to the northwest
and to the east of Umiat, and in test holes in the coastal
area. South of the Umiat area the upper part of the
formation is a sequence of a few hundred feet of tuf-
faceous siltstone, sandstone, and shale described as the
Ayiyak Member by Detterman (1956, p. 253) ; Detter-
man also named the lower shale sequence the Shale
Wall Member (Detterman, 1963, p. 269-270).

Megafossils such as Inoceramus labiatus (Schlot-
heim), Scaphites delicatulus Warren, and Watinoceras
reesidei Warren indicate that the Shale Wall Member
of the Seabee Formation is of early Turonian age (Cob-
ban and Grye, 1961, p. 178), equivalent to beds of the
Carlile Shale and Greenhorn Limestone of the Western
Interior and the Eagle Ford Shale of the gulf coastal
area (Imlay and Reeside, 1954, chart 10d). This age
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determination is substantiated by certain Foraminifera,
particularly by a few planktonic forms found in the
lower shale beds of the formation (Tappan, 1951b).
Occurrences and significance of these and other micro-
faunas, together with the faunal zones that can be rec-
ognized in the Seabee Formation, are discussed on pages
142144 ; tables 9 and 10 give data on numerous micro-
fossil samples from the formation. A few collections
are not included in these tables because of meager local-
ity data; the total samples examined are listed in table 1.
Only Inoceramus aff. I. cuwierii Sowerby has been
found in the Ayiyak Member of the Seabee Formation,
and the age of this member is therefore considered as
late Turonian, probably correlative with the upper part
of the Carlile Shale (Jones and Gryc, 1960, p. 153).

PRINCE CREEK AND SCHRADER BLUFF FORMATIONS (SENONIAN)

The Prince Creek Formation as defined by Grye,
Patton, and Payne (1951, p. 166) and Whittington
(1956, p. 252) includes all nonmarine beds above the
top of the Niakogon Tongue of the Chandler Formation
and intertongues with the Schrader Bluff Formation;
the lower part of the formation is the Tuluvak Tongue
and the upper part the Kogosukruk Tongue. The for-
mation overlies the Seabee Formation in the southern
foothills region south of Umiat, and in some subsurface
sections it is interbedded with the Schrader Bluff
Formation.

The Schrader Bluff Formation at the type locality in
Schrader Bluff is a sequence of 1,900 feet of south-
dipping rocks which has been divided by Whittington
(1956, p. 249) into three members. The Rogers Creek
or lowest member, 700 feet thick, is largely clay shale
but has considerable silty shale and bentonite, and
minor siltstone and tuff; beds of sandstone 10-35 feet
thick total about 100 feet. Above this is the Barrow
Trail Member (700 ft thick) composed of beds of fos-
siliferous sandstone 25-65 feet thick interbedded with
siltstone, clay shale, tuff, and bentonite. The Sentinel
Hill or youngest member, which was named by Gryc,
Patton, and Payne (1951, p. 166), consists of approxi-
mately 500 feet of siltstone, tuffaceous siltstone, and
tuff and lesser amounts of clay shale and bentonite.

The Schrader Bluff Formation is exposed in the
northern foothills from the Anaktuvuk River east to
the Toolik River and the Sagavanirktok River, and
from Schrader Bluff northwest to about long 152°45
W., in the area of the headwaters of Prince and Wolf
Creeks. The formation was penetrated in the subsur-
face only in the following tests: Sentinel Hill core test
1, Fish Creek test well 1, North Simpson test well 1,
Gubik test wells 1 and 2, and Square Lake test well 1.
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TABLE 9.—Data for 274 outcrop microfossil samples from the Shale Wall Member of the Seabee Formation
Number of samples: Total, 274; fossiliferous, 136.

Specimens
Species

. Indicates ratio of abundance of all specimens to all species in fossiliferous samples.

[Q, indicates one or more questionable identifications in some samples; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundamt (over 50)]

Numpber of Number of samples in which these characteristic
samples species occur
2 (818
o Quality of | Ratio - T I
Area, collector, and date Stratigraphic data 7 specimens | gpecimens 2 H 3 £ 63 FREE R gg % [k
5 species | 3E|ERIS |28|52 §§ SRS 82 |2
E A R R E Sl
Z| % S3/S8[SE B[S 35 35 Eal8s5 S s
~ = ~ L w
£ | & SRS IRTESETETRTE TR
Nanushuk River, between Rooftop Ridge anti- | Basal to middle____.____._.. 4 3 | Good...._- vr-vab 1 2 1] 1
%ig%e and Ayiyak Mesa syncline; Detterman, T
Nanushuk River, and east end Rooftop Ridge | 20-1,570 ft of 1,600-ft inter- 26 8 | Poor...._. vr-¢ 2 5Q 8Q 4 1
anticline; Webber, 1947. mittent exposure vr
40-460 ft below top of 1,500- 8 7| Good.-...- vr-ab 1 7 3 1
ft exposure. vr
510-1,280 ft below top of 78 25 | Poor.__.__ vr-ab 2 5 2Q |2Q 14 1
On Nanushuk River, starting on axis of Shalewall same exposure. vr
anticline and eontinuing 2% miles north; Web- 1,290-1,390 ft below top of 11 9| _.d0 e vI-T 3 1Q) 6 2Q | 4 2
ber, 1947, ,5ame exposure. v
1400 ft below top to base of 12 11 | Good..____ vr-vab 10 10 10 2
1,500-ft exposure. T
Tuluga River, 6 miles south of Ayiyak Mesa Approxlmately 1,000 ft 1 1| Poor.__... vI-¢ 1 1Q 1
syncline; Bickel, 1952. above base ey
One mile east of Tuluga River, and 114 miles | Uppermost 10 | { 2 2| Good._.... vr-c 1 21 2 2 1
south of axis, Ayiyak Mesa syncline; Detter- wr
man, 1952,
Areanear Chandler River, between Ayiyak Mesa | Lowerbeds..........._.__... 2 2 | Poor.___._| 2specimens [1Q 1
syncline and Hawk anticline; Detterman, 1948.
Cha.néiler River, Big Bend anticline; Detterman, | 100-200 ft above base._.____. 1 O ||
Chandler River, Big Bend anticline; Detterman, | None._.._.__.___.______._____ 2 2| Fair.._____ vr-ab 2 1Q 1
1948 and 1952. VI
Trouble Creek (tributary of Chandler River) at | 110 ft of shale-._ .. ......___ 15 5 | Poor. ... vr 1 1Q 2Q 1
Big Bend anticline; Grye, 1945 and Detterman, ~r
1948.
Chandler River at Schrader anticline; Grye, 1945 | Middle to upper beds...___. 9 2| _.do______. r-c 2 1Q
and Detterman, 1948. ~r
Chandler River, near crest of Schrader anticline; | None_______________________ 4 O |
Taylor, 1945,
Along Ayiyak River, west of Hawk anticline; | 20-70 and 450-500 ft above 7 3| Poor_..___ vI-T 1 3| 1 1Q 1
Bickel and Detterman, 1952. section on tributary of VI T
Ayiyak River; fauna near
top.
On axis west end Ayiyak Mesa syncline 2 miles | None____._____._____________ 2 2| Good._-._. vr-ab 2 2| 2 1
north of Ayiyak River, and approximately 6 —r
miles west-southwest of mouth of Wolverine
Creek; Bickel, 1952,
Tributary of Ayiyak River, 6 milesabove Wolver- | 360-ft section; fauna 210-340 9 [ 3 T 1 T vr-vab 3 1] 2 1Q) 2
ine Creek; Detterman, 1952. ft below top. “vr
East side of Seabee Creek, 1 mile northeast and | 800-1,000 ft below top._...__. 2 [ DN P
134 miles east-northeast of Umiat test well 1;
Stefansson, 1946.
Fossil Creek at Outpost Mountain syncline; | 120 ft of beds_ ....__.________ 3 3| Poor_.____ vr-¢ 4 1Q 1Q
Bickel, 1952. T
Between Fossil Mountain anticline and Outpost | 20-320 ft above base of 360- 11 8 | .40 vr-ab 4 10 9| 4| 4
Mountain syncline along a tributary of Fossil | ft exposure. vr
C:;eek approximate long 152°40’; Detterman,
1947.
Fossil Creek approximately 4434 miles south of | 40 and 180 ft above base of 2 2 |...doo...__ vr 1
Colville River; Gryc, 1946. 260-ft intermittent expos- r
ure.
South side Colville River, between west ends of | Lower beds_.____.__________ 6 4| Fair_______ vr-vab 2 2Q 31 3
Little Twist anticline and Ninuluk Creek I
syncline; Warner, 1945.
North side Colville River, approximately 4 miles | 10-140 ft above base of 180-ft 8 6| Poor______ vr-ab 11Q 2 21211
upstream from mouth of Prince Creek; Kirsch- exposure and 10-30 ft be- 3T
ner, Warner, 1945; and Detterman, 1947. low top of another 180-ft
exposure.
Ninuluk Creek, 2 miles east of southwest end of | 210 ft above base.._...______ 1 1| Good_...._ r-ab 1 111 1
Ninuluk Bluff; Detterman, 1947. T
South side Colville River, southwest end Ninuluk | 20-360 ft above base.._______ 15 13 |...doaooo.. vr-ab 1 12 | 10 9| 7 2
Bluff, approximately 32 miles airline southwest vI-T
of Umiat; Kirschner, 1945 and Detterman, 1947.
South side Colville River, southwest end Ninuluk | Near base of formation______ 1 1| Good...... vr-ab 1 141
Bluff, approximately 32 miles airline southwest T
of Umiat; Detterman, 1947.
Creek west of Ninuluk Creek; Lathram, 1946.____ NON. oo 1 1| Poor...._. vr 1Q
vr
Wegfgl Creek, north flank of Bing syncline; Ray, A%proxxmately 250 ft above 1 {1 R DU
Near junction of Anuk Creek, and Maybe Creek, Approxlmately 300-350 ft 2 1| Poor._.... 1 specimen 1
Sl?)‘;;h of Lupine anticline; Ray, 1946 and Kover, below top(?).
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TaBLE 9.—Data for 27} outcrop microfossil samples from the Shale Wall Member of the Seabee Formation—Continued

Number of Number of samples in which characteristic
samples species occur
. e (8 (g
N " Quality of Ratio 3 % | . %
s N 5 Ry 2.2 - =~ -~
rea, collector, and date Stratigraphic data P specimens specimens g §§ g %§ _g .§'§ § g :-3 '§3 § E’
] spectes. |[SE[SS[S [23|S=|SS|EBIELIE%[3 |3
& S a§$§E§§‘§"3“’:§'" S
= E2|58|8,.|3¢|s5g(2L|s8[S 3|3 88«80
-_ = ST |S S|= I DeH|ew SIS N 8
g3 e EH e RN RIS
= = Sl TN SRS s TR
On Anuk Creek, south flank of Titaluk anticline; | Lower part...____________._. 2 1| Fair.___._. c 1
Ray, 1946 and Kover, 1949. 3r
East end Wolf Creek anticline, south of axis, head- | 110-490 ft above base.. ______ 3 3. do.....__ vr-vab 3 2 2Q 1
waters of Wolf Creek; Ray, 1946 Nrr
North fllank, east end Wolf Creek anticline, 1 | 100-450 ft below top of 600-ft 5 3 |...do.__..__ vr-ab 1 3| 2 2 1
mile east of Wolf Creek test well 2; Fischer, 1946. intermittent exposure. vr-r
Titaluk anticline, east of Baby Creek, Brosgé and | Approximately 170-230 ft 3 11| Poor.___.. 1 specimen 1
Kover, 1 below top.
Maybe Creek, approximately 314 miles airline | Approximately 400-450 ft 11 [ N P
west of Banshee Creek; Brosgé, 1952. below top.
Knifeblade Ridge area, on September Creek, | 65-ft section in 800-ft ex- 4 2 | Fair.______ vr-¢ 1 211 1|1
(tributary of Maybe Creek) at approximate lat posure. vr
69°11’; Whittington, 1947.

TABLE 10.—Data for 41 outcrop microfossil samples from the Ayiyak Member of the Seabee Formation

Number of samples: Total, 41; fossiliferous, 30.

S_g_;cel(::i%ns : Indicates ratio of abundance of all specimens to all species in fossiliferous samples.
[Q, questionable identification, vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]
Number of Number of samples in which characteristic
samples species occur
Ratio 3
Area, collector, and date Stratigraphic data Quality of . 2
: : erap .| specimens | specimens g 2 ols lesls
2 species | £ | & |5 |§ |g%|3
s AR M sé g
& g2 | & S |83|28 |58 |®o
3| % SS|S8( % [3%(82/353|5a
5 2 %.3 SR | 5§ | 3= | 2R |2V | RB
= B X ] & < & z
Nanushuk River, north fiank May Creek syncline; | None______.._..____._____.__ 2 2| Fair..___.. -vab 2 2 2 2 1
Webber, 1947. r
Nanushuk River, 3 miles above May Creek; Webber, | 40-200 ft above base of 600-ft 4 31...do..._. vr-vab 1 3 1 1 2
1947, intermittent exposure. vr
Nanushuk River, south flank of unnamed syncline, ap- | 110 ft section___________.__.. 5 5|._.do.__. vr-vab 2 5 4 5
proximately 3 miles north of Shalewall antichne; T
‘Webber, 1947
Schrader Bluff on the Anaktuvuk River; Webber, 1947._ Upper 95ft__._._.____..______ 5 5 (...do__.__. vr-vab 1 5 5 3| 1Q 1
Vr-r
East of Tuluga River and south of Ayiyak Mesa syncline; | 230 ft section__.____________. 10 61 . do...__.. vr-ab 3 6 6 5
Detterman, 1952. VIT
Ayiyak River west of Hawk anticline; Bickel, 1952._____ Basal 200 ft ... _____.___ 3 21 Good_ ... vr-ab 1 2 1 2 1] 1Q
vr-r
Axis of ]Igﬁiakogon syncline at Chandler River; Detter- | 50-100 ft above base_._ _...._. 1 [ R P
man, 2.
Trouble Creek (tributary of Chandler River) and Big | 120-160 ft above base of 7 4| Poor...... vIr 1Q| 1Q
Bend anticline; Gryc, 1945, and Detterman, 1948, 200-ft exposure. v
01]13'2})']){8?1] ll\%ggntain syncline, east of Chandler River; | Basalbed. ... _......_. 1 [ P B
icke! A
East side Seabee Creek, 1 mile northeast and 114 miles | 420 ft below top_______.____. 1 1| Fair__.___ r-ab 1 1 1
east-northeast of Umiat test well 1; Stefansson, 1946. vr
Headwaters of Wolf Creek, east end of Billy syncline; | Near t0p.o.ocoooooooomoooon 2 2| Good..__._ r-¢ 1 1
Ray, 1946 T
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In each of these tests, it is interbedded with the Prince
Creek Formation.

All three members of the Schrader Bluff Formation
were penetrated in Fish Creek test well 1; volcanic glass
shards were found in cores and cuttings in the lower
part of the Sentinel Hill Member and in the upper part
of the Barrow Trail Member, and Radiolaria were
abundant in the Barrow Trial Member. (See p. 176
180.) Radiolaria were also found in samples from the
Schrader Bluff Formation in North Simpson test well
1, but very few were found in the outerop samples col-
lected by Survey parties.

One major foraminiferal zone characterizes the
Schrader Bluff Formation, but minor faunal subzones
are present. Pertinent microfossil data on outerop
samples are shown in tables 11-13, where it can be seen
that the higher percentage of fossiliferous samples are
from the Sentinel Hill Member, although more species
were found in the Barrow Trail Member.

Specimens of /noceramus are the most diagnostic of
the megafossils found in the Schrader Bluff Formation ;
these specimens have been studied recently by Jones
and Gryc (1960). The work of these authors, as well
as that of Tappan (1951b) and Imlay and Reeside
(1954, p. 242), indicates that these beds are of Senonian
age; strata of Coniacian age may be missing, and an
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unconformity may separate the Schrader Bluff and
Seabee Formations (Jones and Grye, 1960, p. 153).

KUKPOWRUK FORMATION (ALBIAN) AND CORWIN
FORMATION (ALBIAN AND CENOMANIAN?)

In the western part of the Petroleum Reserve from
the general area of the Utukok River west to Corwin
Bluff on the coast, the Nanushuk Group has been di-
vided into two formations by Sable (1956) ; these two
formations were further described by Chapman and
Sable (1960). The older is the Kukpowruk Formation,
a marine sequence of interbedded shale, siltstone, and
minor amounts of claystone, conglomerate, and carbo-
naceous shale. The type locality of this formation is
along the Kukpowruk River, about 34 miles above its
mouth. The upper 1,765 feet of the formation is well
exposed in the river banks, and the lower 1,100 feet is
poorly exposed in adjacent hillsides (Sable, 1956, p.
2637). On the upper Kukpowruk River the formation
is about 5,000 feet thick, but it thins eastward and north-
ward to about 2,000 feet along the lower Utukok River
(Sable, 1956, p. 2637). Eastward from the type local-
ity the Kukpowruk Formation has been recognized and
mapped along Carbon Creek and the Carbon Creek
anticline, the Awuna anticline, the Awuna River and
its tributaries and along the Kigalik River on the south
flank of the Kigalik anticline to about long 156° W.

TABLE 11.—Data for 40 outcrop microfossil samples from the Rogers Oreelc Member of the Schrader Bluff Formation

Number of samples: Total, 40; fossiliferous, 29.

Specimens,
Species

: Indicates ratio of abundance of all specimens to all species in fossiliferous samples.

[Q, indicates one or more questionable identifications in some samples; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]

Number of Number of samples in which
samples characteristic species occur
Ratio 3 8 .
. Quality =2 < |e 3
Area, collector, and date Stratigraphic data of specimens g |8 g = =S 1S
7} N < . g B 3
=] specimens [ ————— |8 (D |8 3 S K S S
3 species  |[S= |8 gl2_|5 |els8IE |3
= S|V~ 13 e & =
z £515 |SEIR5E|sElssme(R8
3 | & R R R R e EE R
£l 8 SE(SEI3S|5 (588 |SE(88I5 8
£ | & SRR R TR TRTRTE
Nanushuk River at unnamed syncline; 3 miles north of | Lower 80ft._______________________ 4 3| Poor..__._ vr-ab 1 1
Shale Wall anticline; Webber, 1947. vr
Scattered through 680-ft section_ _ 5 4| Fair.______ vr-ab 2|1 2|1 1 1Q
vI-T
Anaktuvuk River at Schrader Bluff; Webber, 1947 _____ Interbedded with Tuluvak 6 4| _.do...__. yr-vab | 3} 4 1 3Q
Tongue (335 ft of beds) of the vr
Prince Creek Formation.
Near Chandler River, between Ayiyak Mesa syncline | 230 ft above base_________________ 1 1| Poor.__... e 1 1
and Hawk anticline; Detterman, 1948. vr
VI-C
Chandler River area, Schrader anticline to Umiat; Nome oo 6 4).do._.. ~r 21Q 2
Gryc, 1945 and Detterman, 1948,
’ Basal 140 ft________________________ 5 4| Fair__.___ vi-vab | 2| 3 32Q 1Q
VI-T
On Prince Creek, approximate long 152°43’; Detter- | Lower 100(?) ft___________________ 5 4| Poor_.____ vr-ab 11 3 1 1
man, 1947, vI-T
On Prince Creek, long 153° between lat 69°28’ and | 1,000 ft seetion. .. ___________ 6 3 |.__do...._ yr-c 2 1Q
69°29'; Detterman, 1947, I
Headwaters of Wolf Creek between Wolf Creek anti- | 320 and 550 ft above base._________ 2 2| Good.__.___ yr-vab 2| 2 22|21
cline and Prince Creek syncline; Fischer, 1946 and r
Stefansson, 1947.
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A total of 281 outcrop samples from the Kukpowruk
Formation was examined for microfossils (see table 1),
but 21 of these are not given in table 8 because of in-
sufficient locality data. About 60 percent of these sam-
ples (55 percent of the fossiliferous samples) are from
the area east of the Utukok-Corwin region. Pertinent
data on most samples are given in table 14, which shows
18 of the more characteristic Foraminifera. The as-
semblage is part of the Verneuilinoides borealis faunal
zone of middle to late Albian age. The stratigraphic
data, however, are insufficient for most of these samples
to allow precise correlation with other Albian forma-
tions of the Nanushuk Group.

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

The best stratigraphic data available concern 57 sam-
ples collected by C. L. Whittington from a 2,530-foot
section along Section Creek and the south flank of the
Awuna anticline (see third item in table 14) and 30
samples collected by R. L. Bickel from a 1,020-foot
section of the lower part of the formation along Carbon
Creek at the north end of Carbon Creek anticline (see
15th item in table 14). The Whittington samples,
which were channeled through 40- to 50-foot intervals,
shows a concentration of Foraminifera at 550660 feet,
1,270-1,620 feet, and 2,160-2,360 feet above the base of
the section. The Bickel samples, taken at intervals of
20 to 30 feet, show a concentration of Foraminifera
from 290-975 feet above the base of that section.

TaBLE 12.—Data for 101 outcrop microfossil samples from the Barrow Trail Member of the Schrader Bluff Formation

Number of samples: Total, 101; fossiliferous, 51.

g%eﬁ—;’;::ls: Indicates ratio of abundance of all specimens to all species in fossiliferous samples.
[Q, indicates one or more questionable identifications in some samples; vr, very rare; I, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]
Number . . .
of Number of samples in which these characteristic species occur
samples
Ratio
Quality . 3 3
Area collector, and date Stratigraphic data of speci- | Specl- ] - 3 =
mens | %S| |2 SRR g S sl
] species (8 | = 32 |§ |5%|58[ 2|8 |3 S| 228
g S2I |28 25 |E8=|E5|ES8.82|EslEeleni SIS | 2|5
2 SE-e SiS - 2 g S BN §IE 3|8 3 =8 > RS
& SIS |55|82/SE|SSISS|EEIS5(E2 35S I8 8 58] § |82
b= SR8 R8s T|S2(2g[e|s8|52|58(25|2 3|5 5 |85 2 |88
2% e R R R S e HEE R
~ - L) - -~ s
€& SIS TRERCISHESETEISTETRCKRESSIS KT < R
Toolik River, lat 69°25' N., south of | Upper part____________ 21 1| Good___| vr-ab | 1| 1 111Q 1 1] 1 1Q
‘White Hills; Grye, 1946. c
South end Twin Bluffs on Nanushuk | Both lower and upper [ 6 | 0 | ___|--—-=---
River; Webber, 1047. ds.
Schrader Bluff on the Anaktuvuk | Near base..__.________ 1| 1| Fair.____ vr-c 1 1(1 1
River; Webber, 1947, vr
Chandler River, north flank Schrader | None. .. _.__.________. 4| 2 |.do_____. vr 1| 2 1 1
anticline; Taylor, 1045. vt
. A imatel __| vr-ab 2 4 8| 7| 1 1
Chandler River at Tuluvak Bluffs, Il);iro%xfltl,na%ov% ,{)la?s; B 2| Good VIT T8 2604 18 Q
%)Ith ﬂdal]l:l){ Schrader anticline; Grye, Lox,aver beds and 500_' 9! 2! Poor vr 2
5 and Detterman, 1948, 700 £t above base. w
570-710 ft above base__| 7 | 5 | Fair.____ vr 1] 38 4 1Q 2
Chandler River at Tuluvak Bluffs, vr
north flank Schrader anticline; Det- [{Basal beds.__.________ 7| 5| Poor.___| vrI 1Q 3Q | 1 11 2 1
terman, 1948, vr
140-260 ft above base__| 5| 2| Fair____. vieab | 1| 1| 1} 1
vI-1
Northside Colville River 2 miles north- | 550 ft above base______ 1| 1| Good_...| r-8b | 1] 1 1|1 1
elzgi% of Umiat Mountain; Stefansson, vr
Tributary of Seahee Creek, north flank | Atbase._._____.______ 1| 1| Fair_____ yr 1] 1
Umiat anticline, 3 miles north-north- vr
eigzti of Umiat test well 1; Whittington,
Colville River at the mouth of Fossil | 160 ftof beds._________ 6| 1| Poor....| ¥
Creek; Kirschner, 1945 and Detter- vr
man, 1947.
660-680 ft above base__| 3| 3 | Good_..| ¥I-¢ 21 3 1] 1 1Q
vr
Prince Creek 2-415 miles above junetion [{300-330 ft above base..| 2| 2| .do___.._| ¥r-vab 1Q 1 2
with Colville River; Detterman, 1047, r
30--260 ft section. ._.___ 4, 1| Poor._..| T
vr
North fork of Prince Creek, Prince | Nome ... 15| 2 |.do..____ vI-¢ 1 1
Creek syncline; Kreidler, 1945, vr
Headwaters of Wolf Creek, south flank| Near top_.____________ 5| 1| Fair_____ vr-¢ 1
Prince Creek syncline; Fischer, 1946. o
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TABLE 13.—Data for 69 outcrop microfossil samples from the Sentinel Hill Member of the Schrader Bluff Formation

Specimens_
Species
[Q, indicates one or more questionable identifications in some samples; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]

Number of samples: Total, 69; fossiliferous, 55.

: Indicates ratio of abundance of all specimens to all species in fossiliferous samples.
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tI;Tel:m-f Number of samples in which characteristic species occur
0!
samples
g 3|3 § s
2 2
Quanty | Rato |3 |z|3 §§§§.23§.§§‘§
Area, collector, and date Stratigraphic data of speci- . E|2 (2|2 |8 |= 5 g E R I - A O R I~ )
mens |sSbecimens | B | = | 213 |s| 22| (2|S(S|8|8|8|8|%
i Si3|§[%). S|IE( a| 5| 8| gl &
species 3|83 ST |® |88 2|8 S| »
~ 2R Blals|s|S|8| e E| % |8
a s 518’ SIEIS|3(5(8 |8 e8!S
3 sEgS<§EEEgE§'~E'§§
3 Slelsl8|8|s|E|lsle8|R|IRIS|IEIR|IZIE
2 HEEIH IR R I I
3% AR AR AR R A A R A A AR R A
=3 =3
& | = SR (8|8 |&|S|&|& &[Sz (Q|z[S|H <
Sagavanirktok River, northern foot- | None___.._._______.___ 2| 1| Good.--.. vI-C 1 1 1
hills; Grye. 1951. 5T
Toolik River, south of Kuparuk anti- | Approximately 225¢ | 6| 5|...do__._. vr-¢ 2] 5 5 3 1] 3] 4} 2) 2 4
cline, between lat 69°16’ and 69°18’; of beds. “re
Fischer, 1951,
North end Twin Bluffs, Nanushuk | None___._.....___.._._ 0 e
River; Webber, 1947.
Nanushuk River, 5 miles air line above |__.__ (¢ [+ J 20 O
mouth; Webber, 1947,
Chandler River at Tuluvak Bluffs; | At base........_._.___ 2| 2| Poor.__.| vrab 2 2Q |12Q | 4 1
Detterman, 1948. T
Colville River, 7 miles south of Sentinel | 910 ft and 1,130 ft 2 V| abundant
Hﬂl 53197 test 1; Stefansson and Thur- above base. spores
Te! .
Colville River, 9 miles south-southwest | 760 ft and 820 ft above | 2| 2| Good._..| vr-vab 1] 2 2 2
1Sentinel Hill core test 1; Stefansson, base. T
947,
Colville River, 15 miles by river south, | 230t and 330t above 2| 2| Fair_____ vr-ab 1 2} 111 2 11Q| 1
30° 'W. of Sentinel Hill core test 1; | base. vIT I
Stefansson, 1947.
Colville River, 16 miles by river south, | 10-110 ft above base___| 4 | 4| Good____| vr-vab 4| 2 4] 2| 2| 1} 3 1
30° W. of Sentinel Hill core test 1; T-C
Stefansson, 1947 .
North side Colville River, 8 miles air | (Sta. 85) 160-ft ex- 8| 8| Fair_____ vr-ab 2| 7| 4]1Q 1 2
line, northeast of Umiat; Grye, 1949. ggsure of lower vI-c
s.
Colville River, 1 mile downstream from | (Sta. 66) 123t sec- 4| 1| _do..__ VI-T 1] 1
previous locality; Gryec, 1949. 1(:5150n above station 5T
Colville River, 2 miles below (north of) (Sta'. 69) 130-ft sec- 41 2| Poor__.. VI-T 2
n;guth of Chandler River; Gryc, tion of upper beds. 5t
1949,
Colville River, 4 miles below mouth of | None.__...___.________ 7| 8| Fair.___. vr-ab 4] 3| 4] 2 5 1
Fossil Creek; Detterman, 1947, I-c
Anaktuvuk River, Gubik anticline; | Approximately 220 ft 8| & (...do____. vr-vab 1 2] 11
Fischer, 1950. of section. vT
South flank Prince Creek syncline, trib- | 130 ft of lower beds._..| 6 | 6 |.._do_.__. vI-¢ 3| 4 1 1|1 T 1| 1| 2| 31Q
utary of Prince Creek, approximate- VI
lé/ 5-6 miles above Prince Creek and
olville River junction; Detterman,
1947. .
On Prince Creek, 114-314 miles above | 240 ft of lower beds 11 (10 {__.do____. vr-ab 21 9| 6| 5 5 1] 2 1) 58] 5| 5] 3[1Q
junction with Colville River; Detter- (below previous <
man, 1947, section).
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TABLE 14.—Data for 260 outcrop microfossil samples from the Kukpowruk Formation

Number of samples: Total, 260; fossiliferous, 160.

S—_[;e;eu;::s: Indicates ratio of abundance of all specimens to all species in fossiliferous samples.
[Q, indicates one or more questionable identifications in some samples; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]
Num- Number of samples in which characteristic species occur
ber of
samples
@ 2 2 - 4 =
Ratio | . | £ o |3 £ . HERY g g
Area, collector, and date Stratigraphic data ualit . SIS (2 g (S|, {518 AR SIS (= (S |83
s grap. 3‘specsi{ specimens | 3 %E.gw S e lg S e 'zzgg g g 31%s
g | mens | speces | S| CIEEISIS ISR [ Sls B IS S5 |BelS.l B2
I 2ZI R S 3 3 (8 198|%2
2 ST ISSISES8| T |28 £ |5EsE(5T T S35s S| £ | B s
= | & S5 SSSE|85| 8 IR S I22iss/58| S |98 2D R 2 I8
< 7] = QAR E £ L = IS S|88 SRQssS X P
1% S| 8 |SSISERE S G B ISeiR3|2s| S IS3|SS|3%] 8| B %
£ & RIS ESISSRT| S 55| 8 SRSET S ST %R S 8
East of Section Creek, near east 1,730-1,830 ft be- 2| 1| Poor.... vr-r 1] 1
end of south flank of Awuna low top of 2,250 5t
anticline; Whittington, 1947. ft intermittent
exposure.
East of Section Creek on north 80-1,730 it below | 34 | 8 |___do..... vr-¢ 2 4 4|1
flank of Awuna anticline, a dis- top of 2,250-ft v
tance of 115 miles near east end; intermittent
Troyer, 1947. exposure.
Exposures along east side of Section
Creek valley, near long 156°, be- | 2,530-ft section_.___ 57129 | Good._.. vr-ab 1| 616 4|18} 31| 8 8| 8
ginning about lat 69°7/30’” and Vit
continuing 114 miles north on
south flank Awuna anticline to
lat 69°8/50"'; Whittington, 1947,
Near long 155°51’ on upthrow side | 200-ft intermittent | 2| 1 | Poor-.._ vr 1 1
of fault, south of Kigalik anti- exposure. r
cline; Whittington, 1947,
Kigalik River, Kigalik fault, south | None....____.____. 1] 1|_.do-_ vr 1 1 1
flank of Kigalik anticline, near vr
long 156°21°; Whittington, 1947.
Awuna River, near Birthday 840-1,180 ft below 6| 4| Fair...__ vr-vab 111 2 1§{ 3| 2 1] 2
Creek junction, south flank top 2,400-t preagey
Awuna anticline; Troyer, 1947. intermittent
exposure.
Bend of Awuna River, approxi- NODG. oo 1] 1|-..do-—___| vr-vab 11 111
mately 6 miles east of Quartzite —
Creek; Troyer, 1947. T
On Quartzite Creek, 15 mile air  {_____ (S 1 T 1| 1 |-_.do...__ vr-¢ 1 1 1 1
line above junction with Awuna -_—
River; Whittington, 1947. vr
On Quartzite Creek, 1 mile air ~ |_____ [ 1 T b o
line above junction with Awuna
River; Whittington, 1947.
South flank Awuna anticline on  |_____ [ [/ DO, 1{ 1| Good..__| yr-vab 1 1{ 1 1 1
Quartzite Creek approximately —_—
134 miles air line north of junc- r
tion with Awuna River; Whit-
tington, 1947.
Discovery Creek, south limb of 320-ft section______ 5| 4| Fair__.__ vr-vab 1 3 1 4| 1 2| 2 1
Awuna anticline; Troyer, 1947. o
Discovery Creek, north limb of 240-ft section. . ____ 21 2 |..do____ vr-ab 11 2 1 211
Awuna anticline; Troyer, 1947. pop
Headwaters of Awuna River; None..... ... 2| 2| Poor.... vr-¢ 1
Keller, 1949. >
Headwaters of Carbon Creek, east |___.. do.. ... 2| 2 |._do.__.. vr—¢ 2 111
end of Carbon Creek anticline; —
long. 159°; Keller, 1949. vr
20-170 {t above 7| 5{--.do.. vr-¢ 5 1] 12Q
base 220-ft ex- —_—
Carbon Creek, north flank, east posure. vr
end Carbon Creek anticline; 45 ft to base of 30 | 24 | Fair_____ vr-c 61123 (8Q 18] 3| 11Q[1Q 2| 6 58(5| 3|2
Bickel, 1953. 1,020-ft exposure —_—
in lower part of -¢
formation.
Headwaters of Carbon Creek 380-1,750 ft above | 6 | 3 | Poor..._ vI-C 2 1Q| 1
south flank Carbon Creek, anti- base of 1,820-ft —
cline to north flank Lookout intermittent vr
Ridge syncline; Keller, 1949, exposure.
South side Utokok River near 400-1,680 ft above 5| 5| Fair_____ vr-vab 2] 3] 3 2 1
junetion with Disappointment base of 2,000-ft —_—
Cree11<;4]73arksdale and Thomp- exposure. vr-r
son, 1947.
Utokok River, approximately 2 1,800 ft intermit- 5| 4|...do____ vr-ab 1| 3 2 11111 2| 2
miles above junction with Elu- tent exposure. —_—
sive Creek; Barksdale and vrr
Thompson 1947.
20 ft below topof | 1| 1 |._.do_.__. 1-vab 1) 1] 1
North side Utokok River, south 1,9001t exposure. r 1
flank Meat Mountain syncline; l"tioagetr’le)]%z;%% 2| 1) Poor..._}jgpecimen
Barksdale, 1947. base of 1,000-£t
exposure.
West side Utokok River south 750-800 ft above 5| 4| Fair__._._ vI-C 4 3 2 1
flank of Disappointment anti- base of 1,650-ft r
cline; Thompson, 1947, eXposure. 1
Utokok River, between Folsom 2,000-ft section 13} 10 |.__do_____ vr-vab 4 1 4] 3] 3] 1 3] 1 1
Point syncline and Disappoint- from intermit- “vrr
ment anticline; Barksdale and tent exposures.
Thompson, 1947.
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I}\)Ieumi Number of samples in which characteristic species occur
T 0
samples - » = - .
= e . 3 =2
0 Ratlo | .. | % s |5 g |. HEP 5 g
Quality . S$|Sie S |sSi, § |8 A2 S8 |le S |88
specim S|l B IR= L RS 3 S| 5|3 = B2
Area, collector, and date Stratigraphic data oflggﬁsci- ﬁ 518 s Z8.|8 3 § I8 |8 P 3 SRR
] RS SRR 2|3 |18 |55] 5|8 |3gRe =] 2 (5
s £|% (5S/SE|S8|5 |5 £ |sE[sSi5S F|ESET(Esl R | 2 5
3% S| E|38SEI8S| £ 28| 8 |23|8gsE| S [S2 8|28l 8 | 8|S
<8 S| |SSIEs|EE| 5 (68| & Se(33|es| 5 |S3(S8is=| 5| § |88
& <R |ERTIRFETRTETISIETR RIS SN
West side Utokok River, between | 60and260fthelow | 2 | 2 | Poor.___[ vr-vab 2 2 2|1
Archimedes Ridge anticline and top of 1,000-ft vr
Howard syneline; Thompson, intermittent ex-
1947. posure.
North side Utokok River, east Base to 200 ft be- 3 Fair.___ vr-ab 1 2 1|1 1 1
end of Howard synecline; Barks- low top of 640- T
dale, 1947. ft exposure.
Kokolik River approximately 3 At base of 2,750-ft 1| Poor__.__ vI-C 1 1
miles upstream (south) from section. vr
axis of Tupikchak syncline;
Sable, 1949.
Kokolik River, approximately 115 | 250 ft above base 14...do.... vr-¢ 1 1 1
miles upstream (south) from of 1,550-ft sec- 5r
axis of Tupikchak syncline; tion,
Chapman, 1949. .
Kokolik River, between Meat 900-950 {t above 1 |...do.._ 5 speci- 1
Mountain synecline and small base of 2,700 {t mens
anticline to south; Chapmanand exposure.
Sable, 1949. vr-¢
Kokolik River, between Blizzard | 420, 500, and 2,200 3 |--do.____ — 1 1Q1Q] 2| 1
anticline and Meat Mountain ft above base of v
sg;wline; Chapman and Sable, 2,650-ft section.
1049. vr
Kokolik River, 3 miles south of 630-730 ft above 24 . do_..__ — 2
axis of Kokolik Warp syneline; base of 3,900-ft A&
Chapman, 1949. section,
Kokolik River, approximately 1 At 1,950 ft above 11 _do____. 6 speci- 1
mile north of axis of Kokolik base of 4,100-ft mens
Warp syncline; Sable, 1949. section.
Kokolik River, at 14 mile south of | 550 ft below top [ T
axis of Kokolik Warp syncline; of 3,900-ft sec-
Chapman, 1949, tion, .
Kukpowruk River, approximately | 650 ft below top 1] Poor.._.| 1speci- 1
7 miles north of axis of Howard of 1,000t ex- men.
syncline; Sable, 1949. posure. vr
Kokolik River, approximately 5 NONe.oeoceoemae 1...do.__. w 1 1
miles upstream from axis of
Howard syncline; Sable, 1949. .
Tributary to Kokolik River, west | 650 ft above base 1)._do.____ 1 speci- 1Q
end of Deadfall syneline; Chap- of 2,750~3,050 ft. men
man, 1949, vI-¢
North flank Poko Mountain syn- | 100 ft below top 1. _do._._ —_— 1 1
cline; Chapman, 1949. of 1,700-ft ex- vr
posure. vr-ab
North flank Poko Mountain syn- | Near base of same 3 |.-do__._ — 3 1Q1 1) 2
cline; Sable, 1949. section. vr
Area adjacent to Kukpowruk Lower beds..__.__ 2 |__.do___.. =z 1 1 1 1Q
River and Raven Basin syn- vr
cline; Sable, 1949. vr-c¢
Kukpowruk River, 3 miles down- | 1,840 ft and 2,400 1|.-.do._.__ —_— 1111
stream (north) from axis of ft above base of vr
;nggikchak syncline; Chapman, 4,450-ft section.
Kukpowruk River, approximately | At 500, 2,250, and 2} _.do..... Ay 1
3 miles upstream (south) from 3,050 ft above vr
axis of Tupikchak syneline; base of 3,550t
Chapman and Sable, 1949. section. .
Kukpowruk River, north flank Base, 250 ft, and 1| ..do..__. 1 speci- 1
Blizzard anticline; Chapman 2,600 ft above men
and Sable, 1949. hase of 4,050-ft
section. vr-e
Kukgmwruk River, south flank of | 450-1,150 ft below 5| ..do____ — 1 3 1Q 211
anticline, 3 miles north of east top of 4,050-ft vr
end Kukpowruk syncline; section.
Chapman and Sable, 1949. vr-¢
Kukpowruk River, from point 214 | 100-1,370 ft below 7 |--do_._. — 1 5 1Q| 1] 2] 1
miles south of west end of Dead- top of 3,500-ft vr
fall syncline to mouth of Dead- section.
r%‘ugCreek; Chapman and Sable,
1949. .
Kukpowruk River, approximately | 75 ft above base 1) ..do..... e 1
14 mile below mouth of Deadfall of 3,500-ft sec- vr
Creek, south flank Archimedes tion.
Ridge anticline; Sable, 1949. vr-ab 1
Kukpowruk River, from point ap- | Top to 1,540 ft be- 4| _.do_.... —_— 1 2 12Q 2| 201Q
proximately 2 miles below low top of 1,600- vrr
mouth of Deadfall Creek, north ft exposure.
flank Archimedes Ridge anti-
cline, to 4 miles southwest of
axis of Howard syncline; Chap-
man and Sable, 1949,
Kukpowruk River, approximately | 530 and 800 ft [ 10 R I
g{ milesddownlstreaén h;rom axis of allgvef hase of
oward syncline; pman, 1949. 3,450-ft section. -
Aretic coast hetween Cape Lis- None._.. ... ___. 2| Good....] & vab 1 2 2|1 1 1
burne and Corwin Bluff, ap- vr-r
proximately 10 miles west of
Corwin Creek; Thompson, 1947.
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The Kukpowruk Formation was recognized in the
subsurface only in Kaolak test well 1 in a section which
I consider to be Corwin and Kukpowruk Formations
undifferentiated (Bergquist, 1958e, p. 874). Collins
(1958¢, p. 355), however, referred the same section to
the Topagoruk Formation.

Gradational upward from the Kukpowruk Forma-
tion is the Corwin Formation, described by Sable (1956,
p. 2641) as a dominantly nonmarine sequence of shale,
claystone, siltstone, sandstone, conglomerate, coaly
shale, coal, ironstone, and a minor amount of bentonite.
The type section is in bluffs bordering the Chukehi Sea
along 4.9 miles of coastline between Thetis and Risky
Creeks (approx. long 164°58” and 165°22’ W.). The
section has a measured thickness of 15,494 feet, and
seven informally designated members were described
(Chapman and Sable, 1960, p. 105-121). Northeast-
ward from this area the formation thins to about 4,500
feet on the Utukok River. The Corwin Formation has
been recognized about as far east as long 156° W., hav-
ing been mapped by C. L. Whittington and others where
it crops out in structures such as the Cache Ridge, Kig-
alik, and Shultz anticlines, Price and Awuna synclines
and along the Kigalik River and Discovery and Section
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Creeks. Structures referred to in this report are shown
on Oil and Gas Map OM-126 (Payne and others, 1951).

Plant remains are common in the westerly exposures
of the formation, whereas megafossils are very rare, and
only a few arenaceous Foraminifera and charophytes
were found. Of a total of 323 samples collected from
the Corwin Formation for microfossil examination
(table 1), only 298 are given in table 15. Thirty sam-
ples lacked sufficient locality data to be included.
About two-thirds of the samples are from areas of the
Utukok-Corwin Rivers region, and these samples
yielded most of the small fauna found. A general poor
quality of specimens characterizes the small fauna.

Foraminifera found in the samples indicate that the
fauna is a part of the Verneuilinoides borealis fauna of
Albian age. (See p. 130-140.) Microfossils occurred
in about 32 percent of the samples from northwestern
Alaska, but in the area of the Awuna syncline and the
Kigalik anticline, 80-95 miles east of the eastern edge
of the Utukok-Corwin region, a higher percentage of
the samples were fossiliferous; the arenaceous Foram-
inifera were more numerous, but in all the samples the
specimens were in general poorly preserved.

TABLE 15.—Data for 293 outcrop microfossil samples from the Corwin Formation
Number of samples: Total, 293; fossiliferous, 103.

___Slgt;c;g;ns: Indicates ratio of abundance of all specimens to all species in fossiliferous samples.
[Q, questionable identification; vr, very rare; r, rare; ¢, common (12-25); ab, abundant (26-50); vab, very abundant (over 50)]
Number of Number of samples in which characteristic
samples species occur
Ratio - §~§
. 3 <
Area, collector, and date Stratigraphic data g)&a};gyegg specimens BT 33 - 2|8 ;"3
_ E S §.,._ = o> =3[ g_g »n
] species |2, |S3|S§(3 R EREE R
3 QSS 33 |2 SIER|E S=lgd| &
5 2E|22(8% Salvs|55(58(55 (55| 2
= 33|88|8E|38(83 85|58 (85|58 &
= IR R RS =2l 8
ER SRR R RHE
5 £ S B =
- STRTRTRTE R RTRIS
N(lxggl flank, east end Shultz anticline; Whittington, | None..________________.____..._.. 8 4 | Poor.._. vr 2| 2
. vr
Tributary of Kigalik River, north flank of Shultz | ____ A0 - e 1 [ R R
anticline near long 155°21’; Whittington, 1947.
West end Shultz anticline; Troyer, 1947_ . ____.._____|.___. [« Y, 2 [ (RS N,
Tributary north side Kigalik River, west end Bing | 28-ft section__ ... ... __..._._._ 2 [ I S,
syncline; Troyer, 1947.
East of Section Creek, 24 miles north of axis near | 50-2,270 it above base of 2,500-ft 41| 15| Poor....| vr-ab 11 Bl1Q | 1 7|3
east end of Awuna anticline; Troyer, 1947. intermittent exposure. ~Nr
Kli%il;k River, approximate long 155°27; Troyer, | 55-ft section. _._________.__________ 2 [ (R IR
South'ﬂank, near east end of Sugar syncline, head- | 30-80 ft below top of 2,500-ft inter- 2 1| Poor.... vr 1
waters of tributary to Kigalik Creek, between mittent exposure. vr
long 155°40’ and 155°50’; Troyer, 1947.
Section south of Kigalik anticline, extending from | 210 ft to top of 2,400-ft intermit- 38 7 |--_do-.__ vr 1Q| 1| 4
a point near long 155°51’ approximately 114 miles tent exposure. vr
south of Kigalik River, and continuing south for 6
miles to south flank of unnamed syncline; Whit-
tington, 1947. ’
Kigalik River, adjacent, to Kigalik anticline; near | None. ... ._...__._._..... 5 [ 20 PR IS
long 155°51’; Whittington, 1947.
Axis of Cache Ridge anticline to a point 3 miles |.____ A0 - e 5 [ P .
southeast, near long 155°51’; Whittington, 1947.
Upper Kigalik River, between Price syncline and | 40-ft seetion. ... ... ____. 6 (41 T A
G 92g7allk anticline, long 155°52’ and 155°54; Troyer,
South side Kigalik fault, long 156°11; Troyer, 1947. .| NODe. oo ooooooeeemeomeene I I PO IV
South flank Sugar syncline, long 156°14’; Troyer, 1947_|_.____ 6 e 1 0
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TaBLE 15.—Data for 293 outcrop microfossil samples from the Corwin Formation—Continued

Number of Number of samples in which characteristic
samples species occur
Ratio w $3
. : lity of| 3 R
Area, collector, and date Stratigraphic data %‘;’éimi,‘l’s specimens §§ §§ 3 2 2 % 'ég' 2
ies (3 RIEESES I g
& SEESIS eSS S|E 8|88 B
5 | £ ES|SEIEE SE|35(EI55(5T 5% &
18 ER|SR|ERISI|EEERTR|ES|E¢| 2
g | & < RTIROERTR RRR R o
Exposures on east side Section Creek valley, begin- | Base to top of 1,720 ft-intermittent 39 23 | Poor.__.| vr-vab 2110 213 6] 1| 3| ¢4 1
ning on north flank Awuna syncline near long exposure. VI-T
156°, 114 miles southeast of junction Section Creek
and Awuna River, continuing 2 miles northeast,
then 224 mile snorth-northwest; Whittington, 1947.
South flank Awuna syncline from approximately | 10-1,370 ft below top of 1,400-ft in- 30 19 |-...do....- vr 12 9| 3; 3 1Q
114 miles south-southeast of junction of Section termittent exposure. VI
Creek and Awuna River, south 134 miles to water’s
edge in bend of river; Whittington, 1947.
On bend of Kigalik River, west of Quartzite Creek, | None....__._ . .. _______.__ 3 1 1 1Q
Awuna syncline; Whittington, 1947.
On bend of Kigalik River, west of previous locality; {.-.-_ A0 e 1 1 1 1
‘Whittington, 1947.
Quartzite Creek, approximately 8 miles air line above | ... L 1 S 1 0
junction with Awuna River, Whittington, 1947. 1
Discovery Creek and axis of Awuna syncline, 1144 [_____ QO 2 1
?192,;5 above junction with Awuna River; ’I(royer,
Headwaters of Meade River, Meade River anticline |._._. Lo 1 Y 7 [+ 0 R
near long. 158°; Keller, 1949.
Utukok River, between long 160°40’; and 161°34’ | 50-1,600 ft below top of 8,000-ft in- 4 2 | Poor.... vr 1 1
Thompson, 1947. termittent exposure of Corwin 3
and Kukpowruk Formations.
Utukok River, approximately 2 miles above junc- | 1,620 ft below top of previous sec- 1 1]...do-- c 1
tion with Elusive Creek; Thompson, 1947. tion. 3
Utukok River, between Flosom Point syncline and | 50-1,250 ft below top of 3,700-f¢ in- | 7 6 |---do.... vr-ab 1Q 1 1f1 Q| 2
Disappointment anticline; Thompson, 1947, termittent exposures of Corwin VT
and Kukpowruk Formations.
Kokolik River ap%)roximately 3 miles upstream | 1,300-1,800 ft above base of 4,300- 3 1]...do--._. 1 specimen 1
(Ssoll)llth)l g(fgaxm of syncline No. 9; Chapman and ft intermittent exposure.
able, A
Kokolik River on anticline a{)proximately 5 miles | 1,100 ft above base of 4,300-it in- 1 [V PR PR
north of syneline No. 9; Sable, 1949. termittent exposure. 1
Kukpowruk River area; 2-6 miles south of axis of | 1,400 ft above base of 6-000-ft in- 2 1| Poor___- r
Raven Basinsyncline (lat 68°51’30’"); Chapman,1949. termittent section. VT
Kukpowruk River (approximate lat 69°5’), west end | 250-400 ft above base of 700-ft ex- 4 2 |---do-___. vr-¢ 17 1) 2 1
Kukpowruk syncline; Chapman and Sable, 1949, posure. vI-T
Kukpowruk River, west end (lat 69°14’) Deadfall | 300-380 ft above base of 550~ft ex- 2 ) R 1 Y, 2 specimens 1
syncline; Chapman, 1949. -posure. . )
Kukpowruk River, approximately 114 miles south | 350 ft below top of 2,300-ft inter- 2 ) B s 1 specimen
of axisl &(gHowaxd syncline (lat 69°20'30’"); Chap- mittent exposure.
man, X
Kukpowruk River and north flank of Howard syn- | 2,550-4,900 ft above base of 5,300-ft 4 {4 P D,
cline to a point 4 miles northwest of axis; Chap- intermittent exposure.
man and Sable, 1949. 1
Kukpowruk River, north flank of Syncline No. 7 | At 2,500 ft above base and at top 2 1| Poor.... vr.
(lat 69°30') and a point approximately 6 miles of 8,400-ft intermittent exposure. vr
south of axis; Chapman and Sable, 1949.
Aretic coast, approximately 4 miles west of mouth | Nome ... ____.__._____ 3 2 |---do-.. yr 2
of Pitmegea River; Thompson, 1947. vr
50-1,000 ft above base of 4,400-ft 9 2 |-.-do..... vr 1
section. VI
Corwin Bluff section, 29 miles east of Cape Lisburne; ({60048 ft below top of 5,200-ft in- 6 3 |--.do-.... vt 1] 1
Thompson, 1947. termittent exposure. VT
502,100 ft below top of 2,900-ft in- 4 1]...do.... I 1
termittent exposure. T 6
Corwin Bluff, 29 miles east of Cape Lisburne; in Sea | Type section; 15,500 ft samples 42 7 1---d0----- vr-ab 1Q
Cliffs 0.6 mile west of Thetis Creek and west for taken 70-14,930 ft above base. vr
11 miles; Sable, 1953.

IGNEK FORMATION (EARLY AND

LATE CRETACEOUS)

Formations of the Colville Group have not been

mapped east of the vicinity of the upper Sagavanirktok
River, and formations of the Nanushuk Group have
not been recognized east of the Ivishak River. Between
the Ivishak and Canning Rivers, however, a sequence of
C'retaceous rocks is intermittently exposed and uncon-
formably overlies the Okpikruak and Kingak Forma-
tions; this sequence is believed to be equivalent to parts
775799 0—66——4

of the Nanushuk and Colville Groups (Keller and
others, 1961, p. 203). Keller, Morris, and Detterman
referred the sequence to the Ignek Formation and de-
scribed the rocks as consisting of two parts: “a lower
member of siltstone, shale, and dirty to relatively clean
subgraywacke-type locally fossiliferous sandstone; and
and upper member, predominantly of shale with lesser
sandstone and siltstone beds, characterized by pyro-
clastics.” The lower member is about 3,000 feet thick



124

along the Ivishak River but thins eastward to about
1,000 feet on the Canning River; the upper member 1s
at least 4,000 feet thick and has, in its lower part, beds
of silicified tuff and bentonite.

The lower member of the Ignek Formation has been
mapped in the area between the Ivishak River and
Gilead Creek (Keller and others, 1961, pl. 21) and is
considered as probably equivalent to part of the Nanu-
shuk Group. The few samples available for microfossil
examination from the lower member (table 1) yielded
a very meager foraminiferal fauna which is apparently
part of the Verneuilinoides borealis faunal zone as spec-
imens of V. borealis were found in it. Furthermore, the
presence of specimens of Ammobaculites suggests that
the beds could be approximately equivalent to the Tuktu
Formation to the west because Ammobaculites is char-
acteristic of the fauna of the upper part of the Torok
Formation and the Tuktu Formation. R. W. Imlay,
who identified megafossils from the lower member, in-
dicated that the fauna is similar to that in the Tuktu
Formation but differs by containing brachiopods, the
pelecypod Nuculana, and belemnites (Imlay, 1961,
p- 16).

The upper member of the Ignek Formation is exposed
along Shaviovik anticline adjacent to Shaviovik River
and Fin Creek, between Juniper Creek and the Kavik
River, and along the lower part of the Canning River
(Keller and others, 1961, pl. 21). The beds of this
member are overlain by the Sagavanirktok Formation
(Tertiary) ; stratigraphically the upper member is con-
sidered by Keller, Morris, and Detterman to be equiv-
alent to at least part of the Colville Group. Fossils
are seemingly scarce in the member, but a concretion
in beds of silicified tuff and bentonitic shale in the lower
part contained the pen of a squid, which Reeside iden-
tified as identical to Teusoteuthis longus Logan from
the upper part of the Niobrara Formation (Senonian)
of Kansas (Imlay and Reeside, 1954, p. 234, chart 10d).
A few radiolarian species (Archicorys sp., Theocorys
sp., Spongodiscus sp. B, and Dictyomitra multicostata
Zittell) were found in a shale sample collected by Keller
from the same beds that contained the fossil squid.
These species are part of the radiolarian fauna that
occurs in the lower part of the Sentinel Hill Member
and the upper part of the Barrow Trail Member of the
Schrader Bluff Formation. (See p. 176-180.) A few
Foraminifera found in outcrop samples are species that
range throughout the Colville Group; however, speci-
mens of Arenobulimina torula Tappan found in a few
samples from the lower part of the member in the Saga-
vanirktok River area suggest beds of the lower part of
the Colville Group.
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A few species of Foraminifera were found in sam-
ples from the following seismic shotholes drilled by
United Geophysical Co. across the Shaviovik anticline :
line 1, shotholes 1, 3, and 6; line 4, shothole 6; line 6,
shotholes 10-15; line 8, shotholes 1-4; line 9, shotholes
2-6 and 8-20; line 10, shotholes 2, 11, and 12; line 11,
shothole 5 (location given on seismic profiles, pl. 24,
Keller and others, 1961). One of the most frequent
and common foraminifers found in these samples is
Haplophragmoides rota Nauss, a species that occurs
throughout the Colville Group. A species of frequent
and in places common to abundant occurrence, however,
is Arenobulimina torulae Tappan, which occurs in the
Colville Group only in the Ayiyak Member of the Sea-
bee Formation or in beds of approximately the equiv-
alent stratigraphic section. This suggests that the up-
per part of the Ignek section penetrated in the shotholes
on the Shaviovik anticline might at least be equivalent
to the lower part of the Colville Group.

TERTIARY ROCKS
SAGAVANIRKTOK FORMATION

The Sagavanirktok Formation was described by Gryec,
Patton, and Payne, (1951, p. 167) as consisting “mainly
of red-bed-type, poorly consolidated siltstone, sand-
stone, conglomerate, and lignite”; the type exposure is
in Franklin Bluffs east of the Sagavanirktok River,
although similar exposures occur in the White Hills
region. Plant fossils from the beds in the lower part
of the formation in the White Hills region were iden-
tified by R. W. Brown, and an early Tertiary age was
suggested (Keller and others, 1961, p. 208).

Rocks of the Sagavanirktok Formation do not crop
out west of the Itkillik River and were not found in any
of the test wells drilled in northern Alaska. Kast of
Franklin Bluffs, however, in the area between the Kavik
and Shaviovik Rivers (long 146°50” N. to long 147°45"
N.), Keller, Moris, and Determan (1961, p. 207) mapped
rocks which they assigned to the Sagavanirktok Forma-
tion. These nonmarine to beach sediments consist of
poorly consolidated conglomerate, sandstone, and silt-
stone with interbeds of shale and coal ; the sediments are
exposed on the limbs of structures particularly on the
flanks of the Shaviovik anticline. These authors (p-
207) stated, “The rock unit has been mapped as the
Sagavanirktok Formation partly because of its lith-
ologic similarity to the rock unit described by Grye,
Patton, and Payne and partly because it can be traced,
although somewhat discontinuously, to the Sagavanirk-
tok River where the Sagavanirktok Formation has been
noted.” They measured and described two sections
1,600 and 2,045 feet thick.
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Megafossils are unknown from the Sagavanirktok
Formation, and microfossils are relatively scarce (ta-
ble 1). Three microfossil samples collected by Keller
and Morris from a 1,500-foot section on Fin Creek pro-
vided a few specimens of Saccammina lathrami Tappan.
Two samples of a suite of 11 collected by George Gryc
along the Shaviovik River yielded a few specimens of
8. lathrami and an abundance of 7rochamina cf. T'. rib-
stonensis Wickenden. These forms are found in the
Colville Group and not in Tertiary rocks.

A few species of Foraminifera were found in sam-
ples from the following seismic shotholes (location
given on seismic profiles, pl. 24, Keller and others, 1961)
drilled in 1953 by United Geophysical Co. across the
Shaviovik anticline: line 1, shotholes 9, 14, and 18; line
2, shotholes 24, 6, 9, and 10; line 3, shothole 3; line 6,
shotholes 2, 3, 19, and 20; line 7, shotholes 1 and 2.
The microfossils are largely specimens of Saccammina
lathrami and Trochammina cf. T. ribstonensis with a
few specimens of Anomalina sp.; a specimen of Ver-
neuilinoides fischeri Tappan? was found in each of two
samples, and a specimen of Nonionella cf. N. taylorensis
Hofker occurred in another. A few samples yielded
a few specimens of Radiolaria, for example, Ceno-
sphaera sp. and Spongodiscus sp., similar to forms
found in formations of the Colville Group. The
Foraminifera from the shotholes samples are all Cre-
taceous species and indicate that the containing beds
are not of Tertiary age, contrary to the opinion ex-
pressed by Keller, Morris, and Detterman (1961,
p. 209).

Because the few Foraminifera and Radiolaria are
similar to forms found in sediments of the Colville
Group and because only plant fossils have been found
in the White Hills region, I believe the assignment, of
an early Tertiary age to this sequence of rocks is incor-
rect. No marine Tertiary rocks are known in the re-
gion, and the only locality where marine Tertiary fossils
have been found in northern Alaska is along Carter
Creek, more than 50 miles to the east of the Shaviovik
area.

Several collections of invertebrate fossils have been
made by surveys geologists at the Carter Creek locality.
These collections were studied by MacNeil (1957, p.
100-102), who determined two faunal zones within the
upper 266 feet of a sequence of beds estimated by Mor-
ris (1955) as about 7,266 feet thick. MacNeil ascribed
a late Miocene or early Pliocene age to the zones.

Six microfossil samples collected by Morris from the
lower 1,450 feet of the sequence at Carter Creek were
barren. Foraminifera were found in two samples col-
lected within the upper 266 feet from clay shale that
was below the highest sandstone at the top of the se-
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quence. From these two samples, Todd (1957) iden-
tified about 37 species of Foraminifera and suggested
a late Miocene or Pliocene age for the beds containing
them.

Much remains unknown of the thick sequence of beds
which Morris ascribed to the Tertiary and suggested
might be correlated with the Sagavanirktok Forma-
tion. Only the upper 266 feet of the sequence has been
determined to be of possible Tertiary age, and more
than 7,000 feet was lumped by Morris as rubble traces
and intermittent outcrops. If this sequence is actually
more than 7,000 feet thick in this part of the section
in the Carter Creek area, it is more than 5,000 feet
thicker than the section in the Shaviovik area.

MacNeil (1957, p. 100) used the name Nuwok Forma-
tion of Dall (1919) for the highest beds on Carter Creek
yielding the mollusks and the Foraminifera. Inasmuch
as this is the only part of the section with an age deter-
mination, MacNeil’s suggestion that the beds be sep-
arated from the Sagavanirktok Formation is valid.

PLEISTOCENE ROCKS
GUBIK FORMATION

The Gubik Formation of Pleistocene age is reported
to range from 30 to 150 feet in thickness and to consist
largely of marine “loosely consolidated, cross-bedded,
brown or buff gravel, sand, silt, and clay” that mantles
the older rocks in much of the Arctic coastal plain
(Grye and others, 1951, p. 167).

Fossils have been found at various localities. The

‘invertebrate collections were studied by McNeil (1957),

who reported four different faunules, each from a sep-
arate area; he suggested that the formation consists
of several thin units of slightly different ages represent-
ing a series of strandline deposits.

Foraminifera were found in coastal seismic shot-
holes and in the coastal area, in test wells in the Barrow
area, North Simpson test well 1, Simpson test well 1,
the Simpson Seeps core tests west of Smith Bay, and
Fish Creek test well 1. The species found include
calcareous Foraminifera of such genera as Anomalina,
Cassidulina, Cornuspira, Cribroelphidium, Dentalina,
Elphidiella, Elphidium, Eponides, Globulina, Nonion,
Pyrulina, Quinqueloculina, and Rotalia. Very few
arenaceous forms were noted. The Gubik Foraminif-
era, however, have not been studied in detail and are
not included on the faunal charts of this report.

Ostracodes were associated with Foraminifera in
many samples of Gubik sediments. Preliminary studies
were made relatively early in the exploratory program
by Swain (1949), who differentiated between a small
nonmarine fauna and a larger marine fauna of “Plio-
cene or younger” age. Subsequently Swain (1959)
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delimited the areas of the marine and nonmarine ostra-
codes in the Gubik Formation. He found that the os-
tracodes are predominantly marine, neritic, cold-water
types at Barrow and immediately south of Barrow, but
fresh-water or nearshore types occur there also at four
horizons. Swain noted neritic species in Simpson core
test 1, in the core tests on the west side of Smith Bay,
in shotholes in the Teshekpuk Lake area and along Fish
Creek, and in Sentinel Hill core test 1. Ostracodes
from Oumalik core test 2 and shotholes near the Ik-
pikupk River are fresh-standing-water types, accord-
ing to Swain.

Recently Swain (1963) published descriptions of os-
tracodes found in the Gubik Formation. Twelve spe-
cies are described from a nonmarine facies, and 29
species from a “marine facies which occupies the outer
or northern part of the exposed Gubik and extends 10-
20 miles inland between the Colville River on the east
and Point Barrow on the west.” Four of the genera
and 18 of the species described are new. Swain con-
sidered the Gubik to be of probable late Pleistocene
age.

MICROFOSSIL ZONES IN CRETACEOUS ROCKS

Except for the Okpikruak Formation (Neocomian),
most of the fossiliferous Cretaceous sediments of north-
ern Alaska can be included within microfossil zones.
In 1956, seven microfossil zones were named (Bergquist,
1956a). but were subsequently modified (Bergquist,
1956b, 1958a—e, 1959a, b). Two of these zones are of
Albian age, one is Cenomanian, two are Turonian, and
the youngest is Senonian. The oldest microfossil zone
is used here to include all the Fortress Mountain For-
mation and the lower part of the Torok Formation,
plus a part of the more or less contemporaneous “Ouma-
lik” Formation of the subsurface. The extent of this
zone within the two surface formations can only be in-
ferred from available data because the stratigraphic po-
sition of many samples within the several thousand feet
of sections could not be determined by the collectors
and because considerable thicknesses of beds were un-
sampled. The younger zone of the Lower Cretaceous
rocks includes the upper part of the Torok Formation
and the Tuktu and Grandstand Formations. The
Ninuluk Formation of Cenomanian age has a faunal
zone dominated by two species of Foraminifera. The
Seabee Formation of Turonian age has a distinctive
local faunal zone of planktonic Foraminifera within
the shale beds and a thin but distinctive zone of two
species of Foraminifera in the younger Ayiyak Member.
The Schrader Bluff Formation of Senonian age has a
radiolarian zone in the Barrow Trail or middle member
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and a distinctive foraminferal zone in the overlying
Sentinel Hill Member.

ALBIAN ROCKS
GAUDRYINA TAILLEURI FAUNAL ZONE

The Gaudryina tailleuri faunal zone (pl. 15), the old-
est Cretaceous microfaunal zone, is of early Albian age
and includes beds in the lower part of the Torok For-
mation and in the Fortress Mountain Formation, where
a few species of arenaceous Foraminifera dominate a
fauna of about 55 species. Some of the species are re-
stricted to the formations indicated, but others are long
ranging. Making up more than 27 percent of the fossils
are specimens of Haplophragmoides topagorukensis
Tappan, a species found throughout much of the Lower
Cretaceous in northern Alaska. Next in relative abun-
dance is Gaudryine taillewri (Tappan), which accounts
for more than 11 percent of the fauna and lends its
name to this faunal zone. As originally identified
(Bergquist, 1956a), the zone was designated by two
species—namely, Verneuilinoides taillewri Tappan from
the Fortress Mountain Formation and Dorothia chan-
dlerensis Tappan from the lower part of the Torok For-
mation. Inasmuch as these two species are now con-
sidered as conspecific by Mrs. Loeblich (Tappan, 1962,
p- 149) and as they have been placed under Gaudryina
and designated by the name @. taillewri, this name is
used in this report, but it should be noted that speci-
mens showing characteristics of Gaudryina occur only
in the Torok Formation, whereas specimens found in
samples of the Fortress Mountain Formation are en-
tirely triserial and have closely appressed low chambers,
nearly horizontal sutures, and flattened sides. The lat-
ter specimens seem to belong to the genus Vernewili-
noides as originally described, as none were seen to have
the biserial stage characteristic of Gaudryina.

Gaudryina specimens found in the lower part of the
Torok Formation have a short triserial stage and a
long biserial stage. Such tests were found in about 24
percent of the fossiliferous samples from the lower part
of the Torok Formation and are common to abundant
in 16 of the occurrences. Tests showing only triserial
form were found in only about 12 percent of the fossil-
iferous samples from the Fortress Mountain Formation.
Specimens occurred in the lower 1,750 feet of the For-
tress Mountain Formation along the Kiruktagiak River
and in the lower part of the formation in the Autumn
Creek area, whereas in the type section in the Castle
Mountain area, some occurred in beds 5,500-7,000 feet
above the base of the formation. A few occurrences
of Gaudryina tailleuri from the Fortress Creek syn-
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cline area and the Horseshoe Mountain area are from
unspecified parts of the formation.

From the above comments, it can be seen that there
may actually be two faunal subzones within the
Gaudryina tailleur: zone. A “Gaudryina stage” typi-
fied by Gaudryina tailleuri is most characteristic of
the lower part of the Torok Formation, whereas a
“Verneuilinoides stage” characterizes the Fortress
Mountain Formation, although in some parts of the
formation the typical @. tailleuri may possibly occur.
Specimens in the Fortress Mountain Formation are re-
ferred to as “Verneuilinoides tailleur:” in table 3.

The “pebble shale” section in Avak test well 1 and in
the South Barrow test wells seems to be in this faunal
zone, but in the suites of specimens assigned to . tail-
leuri, more than one species is probably present. In
the Barrow area, specimens appear to be typical of
Gaudryina. The triserial stage is usually short and
is followed by a long biserial stage; a few specimens
have elongated triserially arranged chambers, but all
the specimens are slender and either parallel sided
throughout or somewhat flared; the initial end is
rounded. Specimens from Avak test well 1 seem to be
of three kinds. In the upper beds down through 645
feet, the specimens are short and somewhat flared or
twisted. In general, these tests are poorly preserved,
are flattened or crushed, and have obscure sutures; some
of the tests have relatively coarse grains on the surface.
A second kind, which ranges from about 572 feet
through the core at 1,082-1,092 feet, seems to be the
same as specimens in the lower part of the Torok For-
mation, for the tests are elongate and have parallel
sides. A third form, found in cores from 1,258-1,348
feet, is similar to the “Verneuilinoides” specimens in
the Fortress Mountain Formation; specimens are tri-
serial and well preserved, and some specimens are elon-
gate and have about 8 whorls. Associated with the
lowest group are coarse-textured specimens of Asmmo-
baculites that are similar to specimens of species found
m the Okpikruak Formation of the Kemik Creek
area. Other specimens similar to those of the cited
Okpikruak fauna belong to Haplophragmoides and
Glomospira aff. G. pattoni.

If the faunal assemblage in outcrop samples of both
formations is considered as an entity, certain general-
ities are noted. The distribution of most species is
about the same. Five species of arenaceous Foraminif-
era make up more than 50 percent of the faunal count
from a combined total of 386 fossiliferous outcrop sam-
ples. Two calcareous species make up more than 6
percent of the total count. The leading species and
their abundance in percent are as follows:

127

Percent
Haplophragmoides topagorukensis Tappan —______ >27
Gaudryinae tailleuri (Tappan) .. ________ >11

Bathysiphon brosgei Tappan (mostly in Fortress

Mountain Formation) ___________________ 10
Bathysiphon woitte Nauss? (mostly in Fortress

Mountain Formation) ___________________ 08
Saccammina lathrami Tappan____________._____ >05
Trochammina eilete Tappan—. . ________ >0
Ammodiscus rotalarius Loeblich and Tappan ... >04
Conorboides umiatensis (Tappan) _____________ >03
Pallaimorphina ruckerae Tappan (in Fortress

Mountain Formation) - ________ >03
Lithocampe? sp. (pyritic casts) . __________ >03
AMmOdiSCUS SP o >02
Glomospirella gaulting (Berthelin) .____________ >02

Glomospira coronae Cushman and Jarvis —________ 01

Eponides morani Tappan (only two occurrences) __ >01
Gavelinella awunensis Tappan (all in lower part
of Torok Formation) - __________________ >01
Ammobaculites fragmentarius Cushman__________ >01
Trochamming SpP— - >01
Total .- >87

The complete fauna that I have identified for the &.
taillewri zone includes about 21 arenaceous Forami-
nifera and 34 calcareous species, but the 16 species tabu-
lated above make up about 87 percent of the total count.
The total number of species identified is about the same
as that given for the G. taéillewri zone by Mrs. Loeblich
(Tappan, 1960, p. 283), but she lists only 12 arenaceous
forms and has given 26 specific names not noted by me.
Part of the difference is accounted for by the fact that
18 names on my faunal list (p. 129) are identified only
by genera, whereas Mrs. Loeblich has listed specific
names for all except two identifications. She also lists
five genera which I did not find, but does not list Bathy-
siphon wvitta? (which she may have included with B.
brosget), Saccammina lathrami, and Ammodiscus ro-
talarius, three species which account for 17 percent of
the fauna. Also absent in Mrs. Loeblich’s list is any
indication of the relative ratio or abundance for the
species; many of the species are not represented by more
than one or two specimens each.

From the subsurface come the only specimens of
Gaudryina barrowensis Tappan and most of the speci-
mens of “7'ritaxia” athabascensis Mellon and Wall.
The latter species was extremely scarce in outcrop sam-
ples and seems to be prevalent in the subsurface only in
the Avak and Barrow areas. Mrs. Loeblich (Tappan,
1960, p. 281) mentioned that specimens of Haplophrag-
moides linki Nauss characterize the zone, but she did
not list the specimens. In this report, these forms are
included under H. topagorukensis because the specimens
initially considered as /. lenki seem to be only a variant
of H. topagorukensis, particularly in subsurface sam-
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ples from which large numbers of the specimens were
examined.

Of 410 microfossil samples collected from the Fortress
Mountain Formation by the several field geologists
working in the southern foothills, approximately 44
percent of the samples came from the Castle Mountain
and Fortress Mountain areas between Chandler River
and Kiruktagiak River south of the Tuktu Escarpment
and adjacent to the type locality. A few samples came
from the Siksikpuk River area and the Nanushuk River
area south of Arc Mountain syncline. West from the
type area, other samples were collected from along the
Okokmilaga, Okpikruak, Oolamnagavik, Kurupa,
Kiligwa, and Ipnavik Rivers and in the area west of
Lake Noluck and north of Thunder Mountain. Very
few of the samples in the western or eastern areas were
fossiliferous, whereas samples from the Castle Moun-
tain-Kiruktagiak area yielded nearly 70 percent of the
total fossiliferous samples. The samples represent sec-
tions throughout the Fortress Mountain Formation, but
no sections were sampled in detail.

Samples from both the eastern and the western parts
of the southern foothills are from the lower part (2,400
ft or less) of the formation. Of the samples from the
general area of the type locality, 33 percent are from the
lower part (5,000 ft or less), 29 percent are from the
upper part (5,500-8,950 ft) of the formation, and no
stratigraphic data were furnished for 37 percent of
the samples.

Examination of all the outcrop samples studied from
the Fortress Mountain Formation indicates that 153
or approximately 37 percent were fossiliferous. Al-
together these 153 samples yielded 48 species of Fora-
minifera and 2 species of Radiolaria. However, the
fauna is relatively sparse: 27 of the species occurred
in no more than 4 samples, and only 1-4 specimens of
each species were found; 8 species occurred in 5-10
samples; 4 species occurred in 10-20 samples; and only
7 species occurred in 20 or more samples. (See table 1.)
The two species of Radiolaria each occurred as only one
or two specimens in two samples.

Of the seven species that are each represented in 20
or more samples from the Fortress Mountain Forma-
tion, three species—7"rochammina eilete Tappan, Conor-
boides umiatensis (Tappan), and Palloimorphina ruck-
erae Tappan—seem -to be more characteristic of the
Fortress Mountain Formation and the lower part of
the Torok Formation than the Albian beds younger
than this part of the section; Conorboides umiatensis
and Pallaimorphina ruckerae occurred in several more
samples from the Fortess Mountain Formation than
from Torok shale.
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Of the microfossil samples from the Torok Forma-
tion, a total of 441 came from the lower part, from the
part that is more or less contemporaneous with the
Fortress Mountain Formation. Of these samples 224
were fossiliferous. Stratigraphic data on the samples
are either too general or not available; but most of the
samples were collected from what would probably be
the lower half of the lower part of the Torok Formation
and all came from the southern foothills (table 4).
The few samples taken east of the Siksikpuk River were
nonfossiliferous, and no stratigraphic data are avail-
able. In the area of the Siksikpuk and Kiruktagiak
Rivers south of the Ayiyak anticlinorium and south-
west of Tuktu Bluff, 108 samples were collected from
upper beds of the lower part of the formation, mostly
above or below the Subarcthoplites zone of Imlay (1961,
p- 8); Imlay determined this zone to be within the
middle third of the Torok Formation and to be equiva-
lent to the Clearwater Formation and the upper part
of the Loon River Formation of Alberta. Of the 108
samples collected, 68 samples were fossiliferous. Twen-
ty-six samples were collected along the Okokmilaga,
Okpikruak, Killik, and Kurupa Rivers, south of the
Ayiyak anticlinorium; but little or no stratigraphic
data are available, and only 6 samples were fossiliferous.
One hundred thirty-six samples were collected along
the Etivluk, Kuna, and Nuka Rivers; only 28 samples
were fossiliferous. No stratigraphic data are avail-
able on 94 of these samples, but 42 are from lower?
(<3,000 ft) beds.

Eighty-three samples were collected in the western
area along Noluck, Driftwood, and Adventure Creeks,
on and adjacent to the Driftwood anticline, and 65 of
them were fossiliferous. Although most of these sam-
ples are from the lower beds of the formation, 21 fos-
siliferous samples are from middle beds, and 7 fossilif-
erous samples are from upper beds of the lower part
of the formation. The westernmost samples from this
part of the Torok Formation were collected in the
Tligluruk Creek area southeast of Poko Mountain. Of
42 samples from lower beds, 34 samples were
fossiliferous.

The microfauna in the lower part of the Torok For-
mation is similar to that in samples from the Fortress
Mountain beds, and it includes 48 species of Foraminif-
era and 2 species of Radiolaria. A few specimens of
28 species were found in 1-4 samples; 7 species, in 5-10
samples; 5 species, in 10-20 samples; and only 7 species
occurred in more than 20 samples. Most of the last
seven are about as numerous as those found in the
Fortress Mountain Formation; but one, Gavelinella
awunensis Tappan, was found only in the lower part
of the Torok Formation, and it makes up only about
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1 percent of the faunal count. Pyritic casts of Sticho-
corythidian Radiolaria (Léthocampe? sp. and Dictyo-
mitra? sp.) are almost entirely confined to the lower part
of the Torok Formation, and Lithocampe? accounts for
about 3 percent of the entire fauna.

Most of the samples in which pyritic casts of Litho-
campe? sp. and Dictyomitra? sp. occur came from the
type section of the Torok Formation in the Ayiyak an-
ticlinorium, on the north and south limbs of that struc-
ture along the Kiruktagiak and Ayiyak Rivers, and
from the east along the Siksikpuk River. More than
30 occurrences of the casts of Lithocampe? sp. and 6
occurrences of pyritic casts of Dictyomitra? sp. were
recorded from the samples. In five of the samples the
pyritic casts of Lithocampe? sp. wére common. Most
of the occurrences of the Radiolaria seem to be within
the middle third of the Torok Formation (upper part
of the lower part of the formation) and are from sec-
tions containing specimens of Subarcthoplites sp., an
Albian ammonite. Specimens of Gaudryina toilleuri
are associated with the Radiolaria in several samples.

There were only two occurrences of pyritic casts of
Lithocampe? sp. and five occurrences of Dictyomitra?
sp. in samples from the Fortress Mountain Formation.
Casts of Lithocampe? sp. and Dictyomitra? sp. have

been found in the subsurface sections described as the-

Oumalik Formation and in some subsurface sections
have been used to identify this formation. A few casts
of Lithocampe? sp. were found in seven samples in the
lower part of the “Oumalik” Formation (part of Torok
Formation of this report) in Oumalik test well 1, and
nine specimens of Dictyomitra? sp. were found in
a core (10,233-10,240 ft) near the base of the beds
penetrated.

The lower part of the Torok Formation in western
Alaska seemingly has a relatively small microfauna, as
suggested from 14 fossiliferous samples collected by
Survey geologists along Adventure Creek on the south
limb of Driftwood anticline and from a few samples
collected along the Kokolik River. The species iden-
tified for the Utukok-Corwin region are listed by Chap-
man and Sable (1960, p. 79, 80, 82), together with my
notations on the microfauna. The microfauna from
the Driftwood anticline area is relatively small and
consists mostly of very small flattened specimens of
Haplophragmoides topagorukensis Tappan and frag-
mentary tests of Bathysiphon brosgei Tappan. Speci-
mens of H. topagorukensis were common to abundant
in nine samples. Flattened and distorted specimens of
Ammodiscus rotalarius Loeblich and Tappan were
found in several samples but were common to abundant
in only two samples. Broken and twisted specimens of
Gaudryina tailleur: (Tappan) (referred to as Dorothia
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chandlerensis by Chapman and Sable (1960)) were
found infrequently but were common in one sample.
The fauna in general is similar to that found in lower
beds of the Torok Formation elsewhere in northern
Alaska, but it lacks most of the species that identify
the upper part of the formation. It also lacks pyritic
casts of the radiolarian Lithocampe? sp., which is prev-
alent in samples from type exposures of the lower
part of the formation.

Foraminifera and Radiolarie in Gaudryina tailleuri zone
[All very rare unless otherwise designated]
Foraminifera :
Bathysiphon brosgei Tappan, very rare to common
vitta Nauss?, very rare to common
Hyperamminoides barksdalei Tappan
Reophax sp.
Ammodiscus rotalarius Loeblich and Tappan, very rare to
common
sp., very rare to common
Glomospira corone Cushman and Jarvis, very rare to
common
Sp.
Glomospirella gaulting (Berthelin)
Haplophragmoides topagorukensis Tappan, very rare to
abundant
aff. H. kirki Wickenden, very rare to common
Sp-
Ammobaculites fragmentarius Cushman, very rare to rare
Spiroplectammina? sp.
Textularia? sp.
Verneuilinoides sp.
“Pritaxia’ athabascensis Mellon and Wall
Gaudryina barrowensis Tappan
subcretaea Cushman
tailleuri (Tappan), very rare to common
Gaudryinelle irregularis Tappan
Miliammina subelliptica Mellon and Wall?
Trochammina eilete Tappan, very rare to abundant
sp., very rare to rare
Lenticuline erecta (Perner)
polygona (Perner)
topagorukensis Tappan
sp.
Astacolus perstriatus (Tappan)
strombecki (Reuss)
Marginulina acuticostata Reuss?
cephalotes (Reuss)
planiuscula (Reuss)
Sp.
Marginulinopsis collinsi Mellon and Wall
sp.
Dentalina? dettermani Tappan
Dentalina sp.
Nodosarella barrowensis Pappan
Nodosaria cf. N. concinna Reuss
Sp.
Saracenarie grandstandensis Tappan
trollopei Mellon and Wall
Sp.
Vaginulinopsis schlonbachi (Reuss)
Sp.
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Foraminifera—Continued
Globuline lacrima Reuss subsp. canadensis Mellon and Wall
prisca Reuss
sp.
Praebuliming nennine (Tappan)
Gavelinella awunensis Tappan, very rare to rare
Discorbis? sp.
Conorboides umiatensis (Tappan), very rare to rare
Valvulineria loetterlei Tappan
Gyroidina sp.
Hponides morani Tappan
Globorovtaelites alaskensis Tappan
Pallaimorphina ruckerae Tappan, very rare to rare
Radiolaria :
Lithocampe? sp. (pyritic casts)
Dictyomitra? sp. (pyritic casts)

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The Verneuilinoides borealis faunal zone is an Early
Cretaceous microfossil zone of middle to late Albian
age that includes several thousand feet of beds; it can
be traced over areas of outcrop in the foothills region
and throughout most of the subsurface of the coastal
plain area. It occurs in the upper third (approx. 2,000
ft) of the Torok Formation, extends through the over-
lying Tuktu and Grandstand Formations of the Na-
nushuk Group, and is found in intertongues of the
Grandstand and Chandler Formations. TIn the western
part of northern Alaska this zone, embracing as much
as 7,000 feet of section, includes the upper part of the
Torok Formation, all the Kukpowruk Formation, and
beds throughout much of the Corwin Formation.

The Verneuilinoides borealis zone, the most extensive
faunal zone in the Cretaceous rocks of northern Alaska,
is present in outcropping rocks throughout the foot-
hills section and in most of the test wells. The zone
was formally recognized in 1956 (Bergquist, 1956a)
but had been used informally as the “Verneuilinoides
F fauna” (Bergquist, 1951, 1952) during the geological
investigations of Naval Petroleum Reserve No.4. The
zone was briefly described in connection with the Ou-
malik area and the Umiat field (Bergquist, 1956b,
1958a) and was further discussed in subsequent micro-
paleontological reports on several wells (Bergquist,
1958b-e, 1959a, b).

More than 100 species of Foraminifera have been
found in the Verneuilinoides borealis zone, but most of
the species occur only rarely and sporadically; many
of them were found only in the coastal wells, especially
in Simpson test well 1 and in Topagoruk test well 1,
where the largest assemblage of Foraminifera occurs.
Most of the specimens belong to 12 arenaceous species,
but locally other species may be abundant. Some spe-
cies are the same as forms found in beds of middle Al-
bian age in Europe and Canada; many are new species
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which Mrs. Loeblich has described (Tappan, 1951a,
1957, 1960).

Several species of the Vernewilinoides borealis zone
are relatively common and are restricted to the zone.
Its dominant species, Verneuilinoides borealis Tappan,
is not found throughout the entire vertical or horizontal
extent of the faunal zone; no specimens of V. borealis
were found in the upper part of the Torok Formation in
western Alaska, but in other areas this species is diag-
nostic of the same beds.

Verneuilinoides borealis Tappan, the species for
which the zone is named, is a broadly flaring triserial
arenaceous species, the best preserved specimens of
which are pyritized and have bulbous chambers and
deeply incised sutures (fig. 34) ; most specimens, how-
ever, have not had the supporting medium of pyrite to
retain their shape and are flattened, with a slight over-
lapping of chambers. Many specimens have a relatively
smooth surface texture, but others, particularly the
smaller tests found at certain horizons, have a rough,
granular texture that makes the chambers and sutures
barely discernible.

Approximately 80 of the total number of species of
Foraminifera found in samples from the Verneuili-
noides borealis faunal zones occur frequently (pl 13),
and 25 of these species are more or less indicative of
the fauna. The other few species are long-ranging
forms or forms found also in older Albian beds. Some
of the species first appear in the lower part of the Torok
Formation in the Gaudryina tailleuri zone and continue
into the Grandstand Formation; but most are confined
to the upper part of the Torok Formation and the
Tuktu Formation, and only a very few of the species
persist into the beds of the Grandstand Formation.
Haplophragmoides topagorukensis Tappan, the most
frequently occurring and abundant species of the entire
fauna, appears first in beds of early Albian age, or
possibly in the Neocomian Okpikruak Formation; it
continues in abundance through the Tuktu Formation
but occurs sparingly in the Grandstand Formation.

Verneuilinoides borealis is the dominant species, but
other Foraminifera also diagnostic of the zone include
Psamminopelta bowsheri Tappan, Miliammina arounen-
sis Tappan, Miliammina manitobensis Wickenden, Am-
mobaculites fragmentarius Cushman, Ammobaculites
wenonahae Tappan, Textularia topagorukensis Tappan,
Gaudryina nanushukensis Tappan, “Tritowia” manito-
bensis Wickenden, Gavelinella stictata (Tappan), Mar-
ginlina planiuscula (Reuss), Lenticulina erecta (Per-
ner), Lenticulina macrodisca (Reuss), Globorotalites
alaskensis Tappan, and two species of Kurycheilostoma,
a high-spired rotalid described by Tappan (1957).
Several of these species are not found in the Grandstand
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(Fortress Mountain Formation and the lower part of
the Torok Formation) and the V. borealis faunal zone.

The Verneuilinoides borealis faunal zone is economi-
cally important in northern Alaska because it includes
the producing sand section of the Umiat field and most
of the oil sands penetrated in the Early Cretaceous
sections. It is also the most widespread faunal zone
and is thicker in the subsurface than in the areas of
outcrop, except perhaps in the western part of northern
Alaska. The greatest subsurface thickness of the zone,
nearly 5,000 feet, is in Oumalik test well 1. However,
the largest fauna and largest number of specimens of
Foraminifera of this zone occurred in Simpson test well
1 and in Topagoruk test well 1.

RELATION TO MEGAFOSSIL ZONES

From his study of Lower Cretaceous ammonites from
northern Alaska, Ralph Imlay concluded that the upper
third of the Torok Formation and the entire Tuktu
Formation can be correlated with beds of middle Albian
age in Europe (Imlay, 1961, p. 4). The sequence of
beds considered ranges in thickness from 1,000 feet to
nearly 4,000 feet and is characterized by the ammonites
Gastroplites and Paragastroplites in association with
other mollusks. Imlay (1961, p. 9-10) named this the
Gastroplites kingi zone. As such, this zone would cor-
respond to the most fossiliferous part of the Vernewili-
noides borealis faunal zone, but many of the mollusks
associated with the ammonite zone have the same range
as do individual microfossil species of the V. borealis
zone, that is, they range through the Grandstand For-
mation and its intertongues.

STATISTICAL SUMMARY

Approximately 127 microfossil samples were col-
lected from the Tuktu Formation from 18 localities
over a distance of 80-120 miles in the northern foothills
section south of the Colville River (table 6). Of these
samples, 92 were fossiliferous. Six samples were ob-
tained from the type locality of the formation at Tuktu
Bluff; in the 1,030-foot section, which is preponder-
antly sandstone with only minor silty shale beds, all the
samples came from the lower 275 feet of the section.
The largest number of samples from one locality is in
a collection of 18 samples obtained by Detterman and
Gryc along the Chandler River from a 300-foot section
of the formation in the area from the Niakogon syn-
cline to the Big Bend anticline. Some of the best pre-
served microfossils in the formation, however, were
found in 14 samples from 1,360 feet of beds exposed be-
low the Grandstand Formation on the Colville River
between Ninuluk Creek and Umiat Mountain. This ex-
posure of the Tuktu Formation was the thickest sam-
pled; it yielded such diagnostic species as Vernewili-
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noides borealis, Psamminopelta bowsheri, Miliammina
manitobensis and Ammobaculites fragmentarius. These
species, together with tubes of Ditrupa cornu, occur
most commonly and frequently in the samples from
other localities. Occurring less frequently are speci-
mens of Miliamming awunensis, Ammnobaculites weno-
nahae, “Tritaxia” manitobensis, Gaudryina nanushu-
kensis, and Gavelinella stictata. Several of these species
were not found above the Tuktu Formation. (See
pl. 13.)

A total of 38 species of Foraminifera have been iden-
tified from the outcrop samples of the Tuktu Forma-
tion, but specimens of 19 of these species were extremely
rare in occurrence. In individual samples, generally
only a few species are found, but specimens range from
very rare to abundant. Many specimens are flattened
and distorted ; others although flattened, are fairly well
preserved.

The dominant microfossil in the Tuktu Formation
is Verneuilinoides borealis, which was found in 82 per-
cent of the fossiliferous samples. Next most frequently
found are Haplophragmoides topagorukensis Tappan
and Ammobaculites fragmentarius Cushman; these
species are closely followed in abundance by the long-
ranging species Saccammina lothramé Tappan and by
Psamminopelta bowsheri Tappan and Miliammina
manitobensis Wickenden. Ditrupa cornu Imlay oc-
curred in 31 samples from nine localities. Gaudryina
nanushukensis was found only in seven of the samples;
these came from the thick section in the Ninuluk Creek-
Umiat Mountain area.

One hundred and ten samples of the Grandstand For-
mation were collected at 16 localities during five field
seasons. The samples came from a region in the north-
ern foothills, about 140 miles in east-west extent, south
of the Colville River, and they were collected along the
Colville River from the Ipnavik River eastward to the
Kurupa River; along the Kurupa and Oolamnagavik
Rivers; along Fossil Creek; along the Colville River
between Ninuluk Creek and Umiat Mountain; and
along the Chandler River at the Big Bend anticline and
the Grandstand anticline (table 7). A few miscella-
neous samples came from outcrops along the Nanushuk
and Anaktuvuk Rivers. Approximately 71 samples
came from beds intertongued with the nonmarine Chan-
dler Formation. Of the samples collected, 77 were fos-
siliferous; and of these, 44 were from intertonguing
sections.

Some microfossils came from each of the localities
where the Grandstand Formation was sampled, but the
number of species generally is very rare to rare in each
sample. The number of specimens in a sample, how-
ever, ranges from very rare to very abundant. Gener-
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ally the specimens are flattened, and preservation ranges
from poor, which makes identification difficult, to good
in the intertonguing sections and from fair to good in
the main part of the formation.

Verneuilinoides borealis was found in about 60 per-
cent of the samples and at all localities, with the excep-
tion of two samples from a section interbedded with the
Killik Tongue of the Chandler Formation. Its abun-
dance is about equaled by Haplophragmoides topago-
rukensis, but that species occurs also in lower Albian
beds. In the majority of the samples, Psamminopelta
bowsheri and Miliammina awunensis are diagnostic
species of the Verneuilinoides borealis fauna. Tubes of
Ditrupa cornu were found only in the Fossil Creek area
in two samples from the upper part of the formation.
This species is relatively common in the microfossil
samples from the Tuktu Formation and in the samples
of the Tuktu and Grandstand Formations undifferen-
tiated in the subsurface; but, oddly enough, none were
found in the microfossil samples from the interbedded
Grandstand and Killik beds nor from the lower part of
the Grandstand Formation although the species was
identified in two megafossil collections from beds 100-
200 feet above the Tuktu Formation (Imlay, 1961, p.
40).

About 30 species of Foraminifera of the Vernewdli-
noides borealis faunal zone were found in samples from
the Kukpowruk and Corwin Formations in western
Alaska. Check lists of the species found in these for-
mations in the Utukok-Corwin region, together with
my notations on the microfauna, are given by Chapman
and Sable (1960, p. 78-81, 100, 125) in their report on
the geology of northwestern Alaska. Foraminifera in
the Kukpowruk Formation of that area are principally
Vernevilinoides borealis, Haplophragmoides topago-
rukensis, Ammobaculites wenonahae, “Tritawia’ mani-
tobensis, Gaudryina sp., Pallaimorphina ruckerae, Ga-
velinella stictata, Conorboides umiatensis, Eurycheilo-
stoma grandstandensis, Marginulina planiuscula, Len-
ticulina macrodisca, and Globulina lacrima. Specimens
are generally more poorly preserved than those found in
the V. borealis zone in most other areas in that almost
all the arenaceous specimens are distorted by compres-
sion and many are severely flattened ; most are dark tan
or brown. The calcareous Foraminifera, however, are
rarely distorted; tests are filled with calcite or rarely
with pyrite, and all have a weathered or “frosty” ap-
pearance. Some arenaceous foraminifers from the
Kukpowruk Formation in the Utukok-Corwin region
seem to be dwarfed as compared to the robust specimens
frequently found in samples from other areas. This is
particularly true of 1. borealis, but some specimens of
“Tritaxia” manitobensis are relatively large for the spe-
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cies. Farther east, in the area of the Awuna syncline,
however, many of the Foraminifera from the Kukpow-
ruk Formation are of normal size or are large for the
species.

Microfossils were found in less than 32 percent of
the samples collected from the Corwin Formation;
about one-third of the fossiliferous samples yielded
only charophytes (table 15). Foraminifera are ex-
ceedingly rare; although the entire assemblage includes
Verneuilinoides borealis, Haplophragmoides topago-
rukensis, Miliammina awunensis, Psaomminopelta bow-
sheri, Gaudryina canadensis, “Tritaxia” manitobensis,
and Saccammina lathrami, generally only one to three
species occur in a sample, and the specimens of each
species are few in number. In a few samples, one or
two species are common.

The Corwin Formation was not thoroughly or criti-
cally sampled for microfossils, however, as samples are
separated stratigraphically by several hundred to a
few thousand feet of section. Twenty samples were
collected in 1958 from the lowest 7,800 feet of the
15,494-foot type section in the bluffs bordering the
Chukchi Sea, and 22 samples were collected from the
upper half of the section. Of these samples, only seven
had any microfossil material, and only charophytes
were found in six of these. The only Foraminifera
were two specimens of Haplophragmoides topagoruk-
ensis? from a sample near the top of the section. An
earlier collection of 22 samples from the type section
yielded a total of 18 specimens (6 species) of Forami-
nifera, and 1 charophyte from 8 samples. Twenty-six
other samples from the Corwin Formation were col-
lected by various geologists along the Utukok, Kokolik,
and Kukpowruk Rivers; of these, 14 were fossiliferous
and yielded most of the microfossils known from the
formation.

In the Awuna syncline area, the Corwin Formation
is somewhat more fossiliferous, as 40 percent of the total
samples examined yielded microfossils. On the flanks
of the Awuna syncline, where 69 samples were collected
through about 1,700 feet of section, more than 62 per-
cent of the samples examined yielded Foraminifera.
There too, the species and specimens were more numer-
ous than in the samples from the Utukok-Corwin region.

PROBLEMS OF SPECIFIC IDENTIFICATION

Mrs. Loeblich (Tappan, 1960) listed a number of
species of Foraminifera for the Cretaceous microfaunas
of northern Alaska that I have not found in any of the
material. For example, I have identified 45 species in
the 620 fossiliferous surface samples from the Ver-
newilinoides borealis faunal zone and 60-70 species from
the subsurface sections in the same zone. Mrs. Loeb-
lich, however, listed 98 species for this zone (Tappan,
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specimens are the same as those duplicated in tangen-
tially compressed models of Siphotextularia? rayi.

Numerous specimens of “7'ritawia” manitobensis were
found in the upper part of Skull Cliff core test 1; many
of these specimens have six chambers visible and are
definitely biserial, whereas other specimens appear to
have a triserial or trochoid arrangement of chambers
because the test is distorted. Several specimens from
Skull Cliff core test 1 were embedded in bakelite, sec-
tioned, and checked in clove oil, but none showed any
indication of the trochoid spire or internal chamber
arrangement noted by Geroch (1957, p. 240) for the
genus Uvigerinammina.

The apertures of specimens of “7'ritaxia” manitoben-
sis, “T. athabascensis, and Siphotextularia? ray: show
considerable variation. Some specimens of “7™. mani-
tobensis and “7. athabascensis have a terminal slit in-
stead of a neck, whereas some specimens of Siphotex-
tularia? rayi have a slight neck instead of the usual slit.
In general, specimens from western exposures of the
Kukpowruk Formation show only an ovate or protrud-
ing slit. Although specimens found in the Kukpowruk
Formation of the Awuna area show both apertural
forms, most have an elliptical slit, and in only a few
specimens is a neck or collar seen. Thus it is sometimes
difficult to determine whether certain specimens should
be identified as “7'ritawia” manitobensis or as Sipho-
textularia? rayi. Invariably both forms are associated.
On some undistorted specimens of the three species con-
sidered above, there is a suggestion of apertures being
invaginated ; this part might be partly extruded into a
short neck by pressure on a pliable test at the time of
compaction of sediments.

Most specimens of “7'ritawia” manitobensis that were
found in outeropping rocks within the Verneuilinoides
borealis faunal zone came from the Tuktu Formation,
the upper part of the Torok Formation, and the Kuk-
powruk Formation. Very few specimens were found
in the Grandstand Formation, and they are question-
ably referred to the species in the Corwin Formation.
Siphotextularia? rayi was not identified as such in the
Grandstand and Tuktu Formations, and very few speci-
mens were found in the upper part of the Torok For-
mation and the Kukpowruk Formation. I have not
found Siphotewtularia? rayi above beds of Albian age
in the Alaskan section. Mrs. Loeblich (Tappan, 1962,
p. 142) listed an unfigured paratype of the species
(USNM P6110) from the Ninuluk Formation from
sample 47A Wb 372, but this sample has not yielded any
specimens which could be regarded as Siphotextularia?
rayi.

In the subsurface, “7'ritaxia” manitobensis was found
in relative abandance in the Tuktu and Torok Forma-
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tions of the Barrow wells, Simpson test well 1, Fish
Creek test well 1, and Skull CILiff core test 1. It was
not found in the Umiat wells nor in Gubik test well 2.
In undifferentiated beds of the Tuktu and Grandstand
Formations in Gubik test well 1, two small distorted
specimens of “7™. manitobensis were found in a core
sample from 3,900-3,910 feet, but the same core yielded
three specimens of questioned Siphotextularia? rayi.
A few poorly preserved specimens of “7”. manitobensis
came from cuttings, and three tiny specimens came
from a core in the upper part of the Torok Formation
at 5,100-5,115 feet.

A few small pyritic casts of a biserial form that may
be Siphotextularia? rayi came from a core at 619629
feet in Grandstand test well 1, and similar specimens
came from cores and cuttings below 2,690 feet. The
specimens from the upper core are from the Grandstand
Formation ; lower specimens are from the Torok For-
mation. A core at 6,367-6,387 feet in Kaolak test well
1, from beds that are probably part of the Kukpowruk
Formation, yielded specimens identified as Siphotex-
tularia? rayi, and five flattened specimens that are ques-
tionably identified as “7'ritawia” manitobensis. These
five specimens are gradational into S.? rayi, and per-
haps all should be considered one species. They are,
however, listed separately on the faunal chart of the
Kaolak test well.

Specimens that are identified as “T'ritawia” manito-
bensis were found in Meade test well 1 in numerous
ditch samples below 1,400 feet and in a core from 3,825
3,830 feet, but only one or two specimens came from
each sample. Some specimens have a flattened ovoid
shape. Many specimens do not have a neck such as is
characteristic of “7'ritavia” manitobensis, and the aper-
ture is usually a bulged terminal opening. Some flat-
tened specimens have a neck or protuberance around the
aperture in the manner of “I'ritawia” manitobensis but
show features also characteristic of Siphotextularia®
rayi. It is thus very difficult to identify these speci-
mens because the physical characteristics are similar.

Eicher (1960, p. 66, 67) included Siphotextularia’
rayi Tappan under the genus Bimonilina, which he de-
scribed as biserial throughout, having a false appear-
ance of becoming uniserial, and having a terminal aper-
ture. He also suggested that 7'ritaxia athabaskensis
Mellon and Wall should be included in the genus
Bimonilina.

RELATIONSHIP OF MICROFOSSILS TO DEPOSITIONAL
ENVIRONMENT

Possible environments of deposition of Cretaceous
sediments in northern Alaska were described by Mrs.
Loeblich (Tappan, 1960), who classified the deposits
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as fluviatile inland facies, supralittoral and littoral
coastal facies, and offshore facies, the offshore facies
being further divided into inner sublittoral, outer sub-
littoral, and open-sea deposits. These facies are modi-
fications of Payne’s proposed inland and coastal facies
of nonmarine sediments and inshore and offshore facies
of marine sediments (Payne and others, 1951). In the
same paper, Mrs. Loeblich considered the size of tests
of arenaceous Foraminifera to be dependent on the en-
vironment of deposition (Tappan, 1960, p. 276-277),
and she suggested that large, robust tests are charac-
teristic of inner sublittoral zone deposits of an offshore
facies and that stunted forms are indicative of inter-
tidal or littoral zone deposits of a coastal facies. The
intertongues of the southernmost beds of the Grand-
stand Formation and the Killik Tongue of the Chandler
Formation are cited as an example of the coastal facies.
However, I have observed that, within the Vernewdli-
noides borealis faunal zone, some of the largest and
best specimens of Verneuilinoides borealis occurred in
intertongues of the Grandstand Formation and that
some of the smallest forms in this faunal zone were in
coastal well sections which Mrs. Loeblich would class-
ify as offshore outer sublittoral zone deposits. In
samples from the Verneuilinoides borealis faunal zone
in the coastal wells, it was not uncommon to find stunted
forms above or below samples containing specimens of
average or large size. For example, both large and
small tests of Miliammina manitobensis were found
in the same section that yielded small specimens of the
species in other samples.

Although the environment of deposition is probably
a factor in determining size of foraminiferal tests, only
generalizations can be made for the Cretaceous environ-
ment of northern Alaska. For example, the Corwin
Formation of the Corwin Bluff region is reported to
have characteristic stunted arenaceous Foraminifera of
the intertidal (littoral) facies of the Verneuilinoides
borealis zone (Tappan, 1960, p. 280), but Foraminifera
are so scarce in the relatively small number of micro-
fossils collected in that area that it is difficult to give
any true evaluation of the fauna or assess whether or
not the species are stunted. Furthermore, some of the
Foraminifera from samples collected from the Corwin
Formation along the Utukok, Kokolik, and Kukpow-
ruk Rivers are of average or normal size.

Samples examined from the Corwin Formation from
the Awuna-Kigalik area are available; some carried
Little or no fauna, but in others microfossils were fairly
numerous. Interestingly enough, the percentage of
large specimens of arenaceous Foraminifera exceeds
that of so-called stunted forms.
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Further indication that only generalizations can be
made regarding size of tests in relation to environment
is in the consideration of “7'ritaxia” manitobensis
which was listed by Mrs. Loeblich under the genus
Uvigerinammina as one of a few species that is char-
acteristically large and robust in deposits of the inner
sublittoral zone (Tappan, 1960, p. 277). This species,
however, does not follow a predictable pattern as to oc-
currence or size of specimens. The species seems to
be more common in the outcropping Kukpowruk For-
mation (presumably inner sublittoral zone) and the
upper part of the Torok Formation of the Awuna area
than in any other formations, but in the subsurface it
is more erratic. The species is very scarce in the Ver-
newilinoides borealis zone in the Umiat wells, in beds
which would probably be classed as deposits of the inner
sublittoral environment. In contrast, large tests of the
species are common in samples from Skull Cliff core
test 1 and Simpson test well 1 in sections which would
be classified by Mrs. Loeblich as outer sublittoral en-
vironment deposits (Tappan, 1960, p. 280). Also note-
worthy is the fact that about 63 percent of the Foram-
inifera recovered from these sections are calcareous
and that the number of specimens of many species is
greater than the number of specimens of species occur-
ring in Mrs. Loeblich’s inner sublittoral environment,
although she (Tappan, 1960, p. 277) indicated that “in-
creased competition resulted in fewer specimens of each
species than in the preceding [inner sublittoral] facies.”

In another coastal plain well (Fish Creek test well
1), few specimens of “7'ritaxia” manitobensis are found
in beds that Mrs. Loeblich would classify as outer sub-
littoral deposits. Perhaps the deposits should be con-
sidered as inner sublittoral zone about equivalent to
the Verneuilinoides borealis zone of the Umiat wells
as some of Mrs. Loeblich’s list of characteristic envi-
ronment fossils of that zone are present.

CENOMANIAN ROCKS

GAUDRYINA IRENENSIS-TROCHAMMINA
RUTHERFORDI FAUNAL ZONE

Few of the foraminiferal genera in beds of Albian
age in northern Alaska continue into the younger sedi-
ments, and only a small assemblage composed predom-
inantly of species of Trockammina and Gaudryina oc-
curs in the Ninuluk Formation. This assemblage was
described or referred to as the Gaudryina canadensis—
T'rochammina rutherfordi zone in previous publications
(Bergquist, 1958a, 1959a, b). From detailed studies
of all available specimens of Gaudryina from the Cre-
taceous rocks of Alaska, however, it became apparent
that most of the well-preserved specimens from the
Ninuluk Formation had a longer biserial stage than is





















MICROPALEONTOLOGY OF THE MESOZOIC ROCKS OF NORTHERN ALASKA

In addition to these species, fossils fragments of a
minute crinoid, Balanocrinus sp., which first appeared
in a sample at 280290 feet, were scattered in samples
through the depth of 570 feet. This fossil, plus the pre-
ceding assemblage of microfossils and Ditrupa cornu
indicate an Albian age and may be a part of the Tuktu
Formation; they are similar to the Albian assemblage
found in the upper part of Simpson test well 1 and
suggest that the section in South Barrow test well 1
may be about 600 feet lower stratigraphically.

The beds at 1,060-1,070 feet are marked by common
specimens of Gaudryina nanushukensis Tappan and a
few of Textularia topagorukensis Tappan, Psammino-
pelta bowsheri Tappan, and glauconitic casts of Dic-
tyomitra sp. 'The glauconitic casts of Dictyomitra sp.
are conspicuous in the lower part of the Verneuilinoides
borealis faunal zone throughout the Barrow-Simpson-
Topagoruk area, and the casts occur in South Barrow
test well 2 along with @. nonushukensis and 7. topa-
gorukensis. Specimens of 7. topagorukensis were com-
mon in cores at 1,200-1,210 feet and 1,600-1,610 feet in
South Barrow test well 1.

Through the interval 1,200-1,800 feet, the ditch
samples carried numerous specimens of the Vernewili-
noides borealis fauna, but many of these specimens could
be contamination from the higher beds. Contamination
is definitely conspicuous at lower depths throughout the
hole as many ditch samples carried the V. borealis fauna
found in the upper 1,200 feet of section, whereas the
cores from 1,906-1,916 feet and 2,094-2,100 feet yielded
very few Foraminifera and the cores from 2,352-2,360
feet and 2,625-2,635 feet were barren. An example of
this contamination is the occurrence of specimens of
Balanocrinus sp. in samples as low as 2,830-2,840 feet,
within the pebble shale section of the lower part of the
Torok Formation; all data indicate that Balanocrinus
sp. is never found lower than the upper part of that
formation and that it occurs principally in the Tuktu
Formation. Cores from the pebble shale section carry
a different fauna from that of the V. borealis zone.

Specimens of Verneuilinoides borealis in the samples
from the upper beds are flattened and granular, and
they have their sutures and chambers somewhat ob-
scured ; in general they are very tiny, and all are white
in all samples to a depth of 470 feet. Below 470 feet
the tests of V. borealis are somewhat elongated, and
the flattened chambers are overlapped. Few specimens
are free of flattening or distortion. In the same section,
tests of Haplophragmoides topagorukensis are granular
to fine textured and have smooth surfaces; most are
flattened and show some distortion. Some tests have a
simulated ribbed appearance because the walls of the
chambers are sunken.

775-799 0—66——6
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Specimens of “7'ritaxia” manitobensis are white, and
all are compressed. Many of these specimens have
multiple chambers which may be overlapped, but others,
such as those from the core at 1,200-1,210 feet, are large
and baglike and the chambers are scarcely visible. All

have an aperture at the end of a short thick neck.

LOWER ALBIAN ROCKS
GAUDRYINA TAILLEURI FAUNAL ZONE (2,8256-3,385? FT)

The cores from the pebble shale section yielded a
microfauna of about 22 species characterized by Gaud-
ryina taillewri (Tappan) and other species limited to
the lower part of the Torok Formation or equivalent
rocks. A few species in the samples are the same as
those of the Verneuilinoides borealis zone, but most of
those characteristic of the younger Albian beds are
absent. The lower Albian arenaceous specimens also
differ in preservation from those of the V. borealis zone,
chiefly in being grayish-green instead of white, and in
general they are less flattened or distorted than are the
specimens from the younger beds.

In the abundance of specimens of Haplophragmoides
topagorukensis, the fauna is similar to that of the Ver-
newilinoides borealis zone; but the specimens of H.
topagorukensis are gray, and many have sutures that
are darker gray than the chamber walls, which simu-
lates transverse banding on the tests. The most con-
spicuous fossil is Gaudryina tailleuri. This elongated
form has a short triserial part and a long biserial part;
generally the specimens are well preserved. Another
species of Gaudryina that seems to be limited entirely
to the lower Albian beds is &. barrowensis Tappan.
Specimens resemble &. nanushukensis of the V. bore-
alis zone, but they are smaller and have lower and more
closely appressed chambers; the sides are more ex-
cavated, causing the angles of the tests to be sharper
and more acute. Specimens of @. barrowensis occurred
much less frequently than those of @. tailleuri. In-
complete tests of Ammobaculites fragmentarius Cush-
man were found in many cores, and a few tests of a
large “Tritaxia” (“7.” athabascensis Mellon and Wall)
occurred in several cores. The “Tritaxias” apparently
are the same species as that described from the Clear-
water Formation of Alberta (Mellon and Wall, 1956).
Tests are larger and have more chambers than do those
of the younger species, “7.” manitobensis Wickenden,
which occurs in the V. borealis zone of Alaska and the
Ashville Formation of Manitoba (Wickenden, 1945).

Miliammina awunensis Tappan and Saccammina
lathrami Tappan, two species that occur in younger
Albian beds, are found infrequently in samples from
the pebble shale section. Specimens identified as 7*roch-
ammina gatesensis Stelck and Wall are rare.
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Calcareous species of Foraminifera are generally well
preserved in the pebble shale section, and several species
of infrequent occurrence were found. Most of them
can be identified with European Albian forms; usually
only one or two specimens were found in a sample, or
only a single occurrence was noted in the entire section.
The most frequently occurring calcareous species are
Gavelinella awunensis (Tappan), Conorboides wmi-
atensis (Tappan), and Saracenaria trollopei Mellon
and Wall. 8. #rollopei was described from. the Clear-
water Formation of Alberta and has been reported
from the Moosebar Formation of British Columbia
(Mellon and Wall, 1956).

A few pelecypod and gastropod shells in cores from
the @. tailleuri zone were identified by Ralph Imlay
and reported by Collins (1961, p. 589), but only one
form could be given specific identification. This is
Thracia kissoumi McLearn which occurs in Alberta in
the lower part of the lower sandstone member of the
Peace River Formation and in the Clearwater and
Loon River Formations, all of early Albian age (Imlay,
1961).

Collins (1961, p. 590) reported the presence of argil-
lite in a core from 3,355-3,360 feet and recovery of only
drilling mud and claystone fragments from cores at
the following depths: 3,368-3,374 feet, 3,374-3,776 feet,
3,382-3,38214 feet, and 3,402-3,410 feet. Washed
samples of each of the cores recovered from the foot-
ages cited yielded the microfossils of the Gaudryina
taillewr: zone which are listed on plate 17. These
samples were processed in October 1948 and were never
rerun to determine whether or not the fossils were car-
ried by the drilling mud from the beds between 2,825
and 3,346 feet where the G. taillewri zone is more clearly
defined or were actually from the claystone fragments.
The section from which these lower cores came may be
fractured or crumpled and may not represent a clearly
defined Cretaceous section. Thus the top of the base-
ment argillite has been questionably placed at 3,385
feet by Collins (1961, p. 589); below that depth the
argillite is continuous to the bottom of the hole.

PALEOZOIC(?) ROCKS

ARGILLITE (3,385?-8,558 FT, TOTAL DEPTH)

Hard, siliceous, bluish-gray to black argillite was
penetrated at 3,385 feet and drilled to 3,558 feet, but
Collins (1961, p. 586) reported that the rock dips steeply
and that actually not more than 80 feet of argillite may
have been penetrated. The black beds of argillite are
somewhat carbonaceous. An origin from organic
marine sediment in which siliceous organisms (Radio-
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laria) predominated is suggested by Charles Milton of
the Geological Survey for a siliceous black argillite at
3,451 feet and a light-gray siliceous rock at 3,495 feet
(Collins, 1961, p. 590). To date Radiolaria have been
noted only rarely in the pre-Mesozoic rocks in northern
Alaska, and the widespread paucity of these organisms
in unmetamorphosed Paleozoic rocks from the area
seems to largely refute the possibility that they could
have been abundant in the rock from which the argillite
was formed.

SOUTH BARROW TEST WELL 2

South Barrow test well 2 was drilled on a high point
of the Barrow structure about 5 miles south of Barrow
camp, and the well produced gas for the camp from
April 1949 until it burned and was abandoned in March
1950. Less than 100 feet of Pleistocene sediments of the
Gubik Formation mantle the area of this test well, and
beneath them the drill penetrated only a little more than
2,200 feet of Lower Cretaceous Albian beds and about
100 feet of Lower Jurassic rocks. The test bottomed in
black argillite, which was penetrated at 2,443 feet, ap-
proximately 942 feet higher than in South Barrow test
well 1.

The site of the well is 700-800 feet structurally higher
than that of South Barrow test well 1; therefore beds
equivalent to the Tuktu Formation are missing, and the
Cretaceous rocks are all part of the Torok Formation.
These rocks are predominantly shale down to 1,930 feet
and claystone or pebble shale from 1,930 to 2,328 feet.
Microfossils of the Verneuilinoides borealis zone oc-
curred to some extent in samples through 1,435 feet, but
most species and specimens came from beds above 670
feet; through the succeeding 400 feet of section, the
number of species is reduced. Except for Textularia
topagorukensis Tappan, common in a core from 1,169-
1,179 feet, only a few microfossils occurred in the sec-
tion between 1,000 and 1,435 feet (pl. 17). This section
and the overlying more fossiliferous beds are all within
the upper part of the Torok Formation. A section of
relatively unfossiliferous and barren beds between 1,435
and 1,930 feet is approximately equivalent to beds of the
middle part of the Torok Formation, and the fossilifer-
ous pebble shale section (1,930-2,328 feet) may in part
represent the lower part of the Torok Formation.

A total of 70 cores were taken from this test hole.
These cores represent 488 feet of continuous coring from
965 to 1,453 feet within the Verneuilinoides borealis
faunal zone, and 496 feet of continuous coring from
1,950 to 2,446 feet in the pebble shale and Jurassic sec-
tion. Four cores were taken in the argillite.
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MIDDLE TO UPPER ALBIAN ROCKS
VERNEUILINOIDES BOREALIS FAUNAL ZONE (100-1,930 FT)

Albian microfossils of the Verneuilinoides borealis
faunal zone occurred in every sample beginning at 100—
110 feet and extending through the core at 1,108-1,111
feet. Some of the upper cores yielded more fossils than
were found in ditch samples. Of the fossils found, 25
species of Foraminifera and 1 species of Radiolaria
were identified, but only Haplophragmoides topagoruk-
ensis Tappan, Bathysiphon wvitta Nauss?, V. borealis
Tappan, “Tritaxia” manitobensis Wickenden, and
Miliammina manitobensis Wickenden occurred in most
of the samples. Other species were common or abun-
dant in a single core, but only H. topagorukensis was
common in several samples. In the first core at 459-469
feet, H. topagorukensis, V. borealis, and “T.” manito-
bensis were each common, and 7extularia topagoruk-
ensis Tappan was abundant. In the second core, from
660-670 feet, H. topagorukensis was very abundant,
and B. vitta?, V. borealis, Ammobaculities wenonahae
Tappan?, and “7.” manitobensis were common. H.
topagorukensis, T. topagorukensis, and Hyperammin-
oides barksdalei Tappan were each common in the core
from 860-870 feet, but fewer fossils occurred in the core
samples from the lower beds of the V. borealis zone.
Calcareous species of Foraminifera were relatively rare
in samples from the V. borealis zone in this test well;
only 7 species were found in contrast to 18 arenaceous
species.

Tests of Gaudryina nanushukensis Tappan and glau-
conitic casts of Dictyomitra sp. occurred in a few
samples beginning at 240-250 feet and seem to constitute
a zone that has a top occurrence at 1,060-1,070 feet in
South Barrow test well 1. This correlation places the
section in South Barrow test well 2 approximately 800
feet structurally lower than that in South Barrow test
well 1.

Only one specimen each of Ditrupa cornu Imlay and
Balanocrinus sp. was found between 420 and 450 feet
in this test hole, whereas both species occurred in South
Barrow test well 1 in the upper beds and as contami-
nation in lower samples. Probably the two specimens
found in test well 2 actually came from beds somewhat
higher in the section, and the limited occurrence sup-
ports the conclusion that these two fossils are chiefly
species of the Tuktu Formation and occur only rarely
in the upper part of the Torok Formation.

Verneuilinoides borealis and Gaudryina nanushuken-
sis did not occur in the lower part of the V. borealis zone
in cores from 954-1,435 feet; the small fauna occur-
ring there consists mainly of Haplophragmoides topa-
gorukensis and Textularia topagorukensis, although a
few other species did oceur.
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Tests of the arenaceous Foraminifera found in the
Vernewilinoides borealis zone of this well are generally
white to buff and are small, crushed, and distorted.
Specimens of Haplophragmoides topagorukensis are
usually crushed ; some specimens have been flattened or
compressed into discs, and others have been considerably
distorted. Tests of Vernewilinoides borealis are
crushed, and very few show inflated chambers and well-
defined sutures. Specimens of 7' extularia topagoruken-
sis are flattened, thin, and rather delicate. Tests of
Ammobaculites wenonahae are thin and have rough
exteriors. Specimens of Gaudryina nanushukensis are
crushed and have scattered specks of black manganif-
erous( ?) material on them.

Pelecypods from a core at about 1,353-1,354 feet, were
identified by Imlay (1961, table 14) as Yoldia cf. Y.
kissoumi McLearn, which in Alberta, Canada, occurs
in beds of early Albian age but in Alaska apparently
also ranges into rocks of middle Albian age.

LOWER ALBIAN ROCKS
GAUDRYINA TAILLEURI FAUNAL ZONE (1,930-2,328 FT)

The pebble shale section cored in test well 2 is the
most complete in the Barrow wells. Continuous cores
were taken for 278 feet of the 298-foot section (1,930-
2,298 ft) drilled, and there were fossils in each of the
cores. About 30 species of Foraminifera were found,
which makes this the largest microfauna obtained from
the pebble shale. Arenaceous Foraminifera predomi-
nate in this fauna, and several are the same as occur in
the younger Albian beds that carry the Verneuilinoides
borealis faunal zone. The pebble shale beds, however,
are correlative with the lower part of the Torok Forma-
tion and are of early Albian age. Excellent elongate
specimens of Gaudryina tailleur: (Tappan) character-
ize the beds and occur throughout the section in test
well 2, but specimens of Haplophragmoides topagoruk-
ensis occur most abundantly and frequently as they
do in the same section of test well 1. Specimens of
Ammobaculites fragmentarius Cushman, “7ritaxia”
athabascensis Mellon and Wall and 7' rochammina eilete
Tappan? occur less frequently in this section. Gaudry-
ina barrowensis Tappan occurs rarely. In numerous
samples are flattened specimens of Haplophragmoides
sp. aff. H. kirki Wickenden. These specimens are of
medium to large size and have four chambers in the
final whorl. All are compressed, and the slightly dis-
torted specimens suggest 7'rochammina wmiatensis Tap-
pan of the Tuktu Formation. Except for the seem-
ingly larger size, the specimens appear to be much like
the species described by Stelck and Wall (Stelck, Wall,
Bahan, and Martin, 1956, p. 36) as Haplophragmoides
cf. H. kirki Wickenden from St. John shales of the
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middle Albian, north bank of Peace River, British Co-
Iumbia, Canada.

Of the numerous species of calcareous Foraminifera
in the cores from the pebble shale, the most frequently
occurring species is Gawvelinella awunensis (Tappan),
but 12 or 13 species of Lagenidae occurred erratically;
f;w specimens of these species are found. (See pl.
17.)

A few pyritic casts of Radiolaria of the family
Stichocorythidae (Lithocampe? sp.) were found in the
upper part of the shale beds and in a core about 30 feet
above the base of the section. This fossil is a marker
of the lower part of the Torok Formation in the type
section along the Chandler River south of Umiat, but
it is not necessarily so elsewhere.

All arenaceous species of Foraminifera found in the
pebble shale section of this test hole show a certain
amount of distortion of the tests, but those species in
the beds above 2,070 feet are less affected than those at
lower depths. In the upper beds specimens of Haplo-
phragmoides topagorukensis are common to abundant ;
many have dark sutures, and a variety of shapes have
been formed by compression and distortion. Specimens
of Gaudryina taillewri are compressed in part or in
their entirety, and many specimens are twisted and bent.
The fine-textured tests of Ammobaculites fragmen-
tarius are cylindrical or slightly flattened and twisted.
Some of these tests have nearly uniform width, but
others are narrowed in the area of the initial uniserial
chambers. Sand grains adhere to the surfaces of most
specimens of Ammodiscus and Glomospira. Speci-
mens of Gaudryina barrowensis and “Tritaxia” atha-
bascensis are generally flattened.

A few pelecypods recovered from cores in the lower
part of the Cretaceous section within the Gaudryina
tailleuri zone have been identified generically by Ralph
Imlay and are reported by Collins (1961, p. 601) in her
lithologic description of the test well.

LOWER JURASSIC ROCKS (TOARCIAN)
UNNAMED FORMATION (2,328-2,443 FT)

Below the lower Albian pebble shale beds, about 115
feet of light-olive-gray sandstone and siltstone of Juras-
sic age was penetrated from 2,328 to 2,443 feet in this
test well. The upper part of this section yielded a few
Foraminifera of which the most common species is
Haplophragmoides kingakensis Tappan, a large form
having few chambers and deeply incised sutures. This
species and nine others from a core at 2,341-2,356 feet
have been identified by Helen Loeblich (Tappan, 1955,
p. 27) as identical to some of the species found in cores
considered to be of Toarcian age in South Barrow test
well 3. (Also see pl. 17.) The arenaceous specimens
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have milky-white quartz grains on the surfaces in the
same manner as those specimens found in cores from
1,789-1,798 feet in South Barrow test well 3.

Ammonites of Toarcian age were identified by Imlay
(1955, p. 73) from South Barrow test well 3 from beds
as high as 1,772 feet, but small fragments of ammonites
from a core at 2,391 feet in South Barrow test well 2
were identified by Imlay as 7'metoceras and were re-
garded by him to be similar to specimens from the lower
part of the Kialagvik Formation (lowermost Bajocian)
of southwestern Alaska (Imlay, 1955, p. 89). However,
the ammonite occurrence at 2,391 feet is below the core
containing Foraminifera identical to those of Toarcian
age found in South Barrow test well 3. Therefore, I
would question the Bajocian age assignment of the thin
Jurassic beds in South Barrow test well 2, because no
Middle Jurassic rocks were recognized in test well 3,
where only a thick sequence of fossiliferous Lower
Jurassic rocks were identified.

PALEOZOIC(?) ROCKS
ARGILLITE (2,446-2,505 FT, TOTAL DEPTH)

Bluish-black to black, siliceous, carbonaceous and
pyritic argillite was penetrated below the Jurassic rocks
in this well, and it constitutes “basement” rock as in
South Barrow test well 1. According to Charles Milton,
the rock was probably originally a marine sediment,
possibly of voleanic origin, that contained a radio-
larian(?) fauna (Collins, 1961, p. 602). However, the
objections mentioned to the interpretation of the origin
of the rock that is older than the argillite in test well 1
apply here also; it is extremely doubtful that any of
the northern Alaska upper Paleozoic rocks were rich
in radiolarian assemblages.

SOUTH BARROW TEST WELL 3

South Barrow test well 8 was drilled about 7 miles
southeast of South Barrow test well 2 and penetrated
less than 1,600 feet of Lower Cretaceous rocks under a
thin mantle of the Gubik Formation of Pleistocene age.
A total footage of 180 feet of cores was taken from the
Cretaceous rocks, but starting at 1,645 feet, a section of
965 feet of Lower Jurassic rocks was drilled and exten-
sively cored, and 189 feet of Triassic rocks were cored
from 2,610 feet to the top of the black argillite at 2,799
feet. The top of the argillite is about 356 feet deeper
than at South Barrow test well 2, but is about 586 feet
higher than at test well 1. Although the argillite is
much lower in this test hole than in test well 2, the
Cretaceous beds are structurally higher because of the
additional thick section of Jurassic and Triassic beds.
That the Cretaceous beds are higher is also indicated
by the position of the top of the pebble shale section,
which in test well 3 is 645 feet higher than in test well
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2 and 1,540 feet higher than in test well 1. The first
Cretaceous beds penetrated are, therefore, strati-
graphically lower in test well 3 than in test wells 1 and
2, and they are barren or sparingly fossiliferous.

MIDDLE ALBIAN ROCKS

LOWER PART OF VERNEUILINOIDES BOREALIS FAUNAL ZONE
(65-1,285 FT)

The highly fossiliferous beds of the Verneuilinoides
borealis faunal zone, the horizon of Gaudryina nanushu-
kensis, and the glauconitic casts of Dictyomitra sp.
present in test wells 1 and 2 are absent in test well 3.
Absent too are the species “7ritaxia” manitobensis and
Gavelinella stictata. Beds above 200 feet are barren.
Very few specimens of only four species of Foramini-
fera of the V. borealis zone occurred in samples down
to the core at 774-794 feet, in which long thin tests of
Textularia topagorukensis Tappan were common. This
species and a few specimens of Haplophragmoides topa-
gorukensis, Bathysiphon vitta?, Conorboides wmiaten-
sis, and a few pyritic casts of Radiolaria of the family
Stichocorythidae (Dictyomitra? sp.) were of rare oc-
currence in other samples down to the pebble shale beds.
The radiolarian casts were found at 1,115 feet, 1,145
feet, and 1,261-1,285 feet.

The specimens of Textularia topagorukensis which
were common in the core from 774-794 feet are within
a subzone that occurs below the very fossiliferous beds
of the upper part of the Torok Formation. This spe-
cies occurred commonly only at this depth in test well
3. As the species was common in cores 400 feet apart
(1,200-1,210 ft and 1,600-1,610 ft) in test well 1 and
536 feet apart (459469 ft, 860-870 ft, and 995-1,003 ft)
in test well 2, its singular common occurrence in test
well 3 suggests that only the lower part of the faunal
zone is represented. As this occurrence is 851 feet
above the top of the pebble shale and as the lowest com-
mon occurrence of the species in test well 1 is 1,215 feet
above the pebble shale, the species seemingly oceupies
a stratigraphically lower position in test well 8 than in
test well 1. However, the difference is due to thinning
of the intermediate shale section of the Torok Forma-
tion below the 7. topagorukensis beds and above the
top of the pebble shale between test wells 1 and 3.

LOWER ALBIAN ROCKS
GAUDRYINA TAILLEURI FAUNAL ZONE (1,285-1,6456 FT)

The pebble shale beds in test well 3 are correlative
with the section of the same lithology found in test wells
1land 2, and the microfauna is similar but smaller. Most
of the species were found in samples from the two cored
intervals 1,388-1,416 ft and 1,613-1,639 ft. Only 12 or
13 species of arenaceous Foraminifera were found
throughout, and of these Haplophragmoides topa-
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gorukensis was most common and frequent, whereas
Gaudryina tailleuri, which elsewhere characterizes these
beds, occurred only erratically and was not common.
Broken specimens of Ammobaculites fragmentarius
were scattered through samples from 1,345-1,639 feet
but were common only in a core from 1,625-1,639 feet.
Trochammina eilete occurred in samples from 1,435-
1,639 feet and was common in three. Gaudryinella ir-
regularis was common in a core from 1,388-1,396 feet
and occurred sparingly in two other samples. Speci-
mens of Geudryina barrowensis were common in ditch
samples from 1,595-1,625 feet. Of the 14 specimens of
“Tritaxia” athabascensis found, all but one was in the
lower cored interval 1,613-1,639 ft. Other species oc-
curred rarely but only one to six specimens of a species
were found in a sample. The preservation of the arena-
ceous Foraminifera is similar to those found in test wells
1 and 2. Calcareous Foraminifera are represented by
five species of only one occurrence each.

LOWER JURASSIC (LOWER TOARCIAN TO UPPER PLI-
ENSBACHIAN, SINEMURIAN TO HETTANGIAN) ROCKS

UNNAMED SHALE (1,645-2,610 FT)

A section of 965 feet of rocks which was extensively
cored from 1,739 to 1,798 feet and 1,979 to 2,595 feet was
identified as Early Jurassic age by Ralph Imlay after
he had examined the numerous ammonites that were
found in the cores. On the basis of his studies, Imlay
determined the age of beds from at least 1,772 feet
through 2,063 feet to be early Toarcian—as identified
by finely ribbed specimens of five species of Dactylio-
ceras in cores from 1,772 feet and 2,016-2,018 feet
(Imlay, 1955, p. 81, 82)—and the age of beds from at
least 2,069 feet through 2,198 feet to be late Pliensbach-
ian—as identified by species of Amaltheus in cores from
2,069-2,099 feet, 2,111 feet, and 2,186-2,196 feet.

The cores also yielded a large number of well-pre-
served Foraminifera which Helen Loeblich identified as
the first Lower Jurassic foraminiferal fauna found in
the western hemisphere; she described 29 new species
and recorded 55 other species from this well (Tappan,
1955), mostly from shaly clay beds cored between 1,979
and 2,334 feet. A less fossiliferous zone of shaly clay
occurs between 2,468 and 2,589 feet, beneath 116 feet of
barren siltstone and sandstone beds (2,334-2,450 ft).
Several of the species, notably Ammobaculities fonti-
nensis (Terquem), Dentalina tenuistriata Terquem,
Marginulina interrupta Terquem, Nodosaria apheilo-
locula Tappan, and Nodosaria regularis Terquemn, found
only in the upper fossiliferous beds, are the same as
species that occur throughout the Pliensbachian of
France and Germany (Tappan, 1955, p. 27). In the
section below the ammonities (that is, 2,198-2,610 ft),
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Mrs. Loeblich also noted that some species of Foramini-
fera suggest lower Liassic beds of Sinemurian and
Hettangian age. These species include Marginuline
radiate Terquem (24782496 ft) and Glomospira
perplexa Franke (2,587-2,589 ft), which were not found
in the upper more fossiliferous section. Agglutinated
milky-white quartz grains on the surface of arenaceous
Foraminifera found in the cores from 1,789-1,798 feet
give these fossils a distinctive appearance in contrast to
Foraminifera found in the Albian beds.

Calcareous species of Foraminifera predominate in
the fauna and make up about 71 percent of the total
species found. Most of these species occur in the upper
fossiliferous beds, largely in the interval 2,028-2,179
feet ; several species are limited to only one or two oc-
currences. In the lower fossiliferous beds, only 18
calcareous species were found, and they are limited to
the interval 2,468-2,496 feet; however, arenaceous
species were found in samples through 2,589 feet.
Plate 17 indicates the occurrences and distribution of
all the Foraminifera found in the Jurassic strata.

UPPER TRIASSIC ROCKS

SHUBLIK FORMATION (2,610-2,799 FT)

Between the base of the Jurassic strata and the top of
the black argillite at 2,799 feet is a section of approxi-
mately 189 feet of limonite oolite layers and interbedded
limestone, calcareous siltstone, and glauconite pellets.
The rocks have been identified by Bernhard Kummel
(written commun., 1950) as Norian age of the Upper
Triassic (Shublik Formation) from the presence of
specimens of Monotis subcircularis (Gabb) at 2,62i
feet, 2,631 feet, and 2,635 feet, and of Monotis sp. at
2,771 feet. Washed microfossil sample cuts of this rock
contained some Jurassic Foraminifera that were ap-
parently introduced into cracks in the cores by the cir-
culating drilling mud during drilling operations, but no
Triassic Foraminifera were found.

PALEOZOIC(?) ROCKS

ARGILLITE (2,799-2,900 FT, TOTAL DEPTH)

Below the thin Triassic strata, a black argillite was
penetrated. It resembles certain metamorphosed rocks
of late Paleozoic age in the Brooks Range but may be
Precambrian (Payne, 1951). Ina few cores of this rock,
spinelike and tubular pyritic objects were found, some
resembling sponge spicules. These objects from argil-
lite chips at 2,865 feet were studied by members of the
Geological Survey. It is believed that they are organic
but unidentifiable and that no age determination can be
made from them.
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SOUTH BARROW TEST WELL 4

South Barrow test well 4, drilled 447 feet N. 28° K.
of South Barrow test well 2 to supplement the gas sup-
ply for the Barrow camp, penetrated a section of rocks
similar to that found in the earlier gas well. Cores were
obtained from only two intervals, 1,598-1,648 feet and
2,320-2475 feet.

MIDDLE TO UPPER ALBIAN ROCKS
VERNEUILINOIDES BOREALIS FAUNAL ZONE (114-1,970 FT)

Species of Foraminifera indigenous to the Verneuili-
noides borealis faunal zone of the upper part of the
Torok Formation were found in ditch samples from
120-1,590 feet and 1,650-2,000 feet and in the cores from
1,598-1,648 feet. Most of the same species occurred
throughout the ditch samples, but. a few species found
only in the lower interval of ditch samples are consid-
ered to be contamination from the initially penetrated
higher beds.

The fauna found in this zone is similar in species and
in type of preservation of specimens to the fauna found
in South Barrow test well 2. It consists of approxi-
mately 25 species of Foraminifera and glauconitic casts
of Dictyomitra sp. and has fragments of Ditrupa cornu
Imlay occurring in 12 samples. Specimens are dis-
tributed similarly in the two wells, but fewer specimens
were found in each sample from South Barrow test
well 4 than in each sample from test well 2. The are-
naceous species of Foraminifera found are virtually
the same as those in test well 2, but not all the calcareous
species are the same. Haplophragmoides topagoruk-
ensis Tappan occurs most frequently of all species, as
it does in test well 2, but the number of specimens in
each sample is usually smaller. Likewise, specimens
of Verneuilinoides borealis Tappan are less numerous
in test well 4 than in test well 2; they occurred in only
about half as many samples as did H. topagorukensis.

The cored interval 1,598-1,648 feet yielded only a
small fauna of a few specimens of Haplophragmoides
topagorukensis and common specimens of Textularia
topagorukensis Tappan and a few specimens of 7'ro-
chammina gatesensis Stelck and Wall (at 1,608-1,618
ft). Foraminifera were found in ditch samples below
the cored section, but most specimens probably came
from upper beds as generally there are few specimens
in the lower part of the Verneuilinoides borealis zone
in the subsurface of the Arctic coastal plain region,

LOWER ALBIAN ROCKS
GAUDRYINA TAILLEURI FAUNAL ZONE (1,970-2,352 FT)
A pebble shale section 382 feet thick underlies the

beds of the Verneuilinoides borealis zone and is about
equivalent in thickness to the pebble shale section in
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South Barrow test well 2. The microfauna of the two
sections is similar and is probably of the uppermost
part of the lower Albian, equivalent to some of the
lower part of the Torok Formation in the southern foot-
hills region. Specimens of Gaudryina tailleuri Tap-
pan, which characterize the zone, occurred in most of
the samples from 2,010 feet through the core from
2,340-2,350 feet and were common in part of the cores
(2,320-2,340 ft.). Specimens of Gaudryina barrowen-
sis Tappan were found in numerous samples and were
common in the core from 2,320-2,329 feet. In several
samples, there were specimens of “7'ritaxia” athabas-
censis Mellon and Wall. The other species of Fora-
minifera in the zone are similar to those of the upper
part of the Torok Formation; some of these specimens
may have come from beds higher in the section because
there are two kinds of preservation. Specimens from
thie cores are dark gray to brown and only slightly dis-
torted, whereas, ditch specimens are light gray to buff
colored and greatly compressed or distorted and are
the same as those found in the younger beds. Two
kinds of preservation can also be seen among specimens
of Haplophragmoides topagorukensis. and the speci-
mens were common in nearly every ditch and core
sample in the pebble shale section. Specimens from
the cores are generally only slightly compressed, have
rounded peripheries, are light gray, and have dark gray
sutures. This kind of specimen also occurred in the
ditch samples along with compressed buff to tan speci-
mens of . topagorukensis that are seemingly identical
to specimens from the upper beds; these specimens are
most likely merely contamination from the younger
part of the section. No species of 7'rochammina were
found.

Scattered specimens of 12 species of calcareous
Foraminifera were found in the pebble shale, but all
occur also in younger beds. A few pyritic casts of
Radiolaria of the family Stichocorythidae (Litho-
campe' sp.) were found in scattered samples, particu-
larly in the upper 100 feet of the pebble shale beds.

LOWER JURASSIC (LOWER TOARCIAN) ROCKS
UNNAMED FORMATION (2,852-2,471 FT)

The only Foraminifera found in the section between
the pebble shale beds and the basement argillite are
fragments of Bathysiphon sp. of undetermined age.
Lithologic comparisons, however, indicate that the beds
must be equivalent to the thin section of 115 feet of
Jurassic strata found in test well 2. The section in that
well is identified by microfossils of early Toarcian age,
and therefore the same age should apply to the com-
parable section in South Barrow test well 4. Nothing
indicates that any of the Jurassic section is younger.
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PALEOZOIC(?) ROCKS
ARGILLITE (2,471-2,588 FT, TOTAL DEPTH)

Unfossiliferous black argillite of the same type found
in the other Barrow test wells was penetrated for 67
feet to total depth at 2,538 feet. Contaminating micro-
fossils from Cretaceous strata found in some of the core
samples were introduced by drilling mud.

AVAK TEST WELL 1

Avak test well 1 was drilled approximately 4 miles
east of South Barrow test well 2, on the north edge of a
complexly faulted area. The well penetrated approx-
imately 1,260 feet of Lower Cretaceous pebble shale, al-
most 950 feet of Lower Jurassic rocks, and 1,713 feet of
pre-Mesozoic rocks consisting of argillite interbedded
with siliceous dolomite and siliceous chert. Slight
shows of oil were indicated, but the test was abandoned
as a dry hole. The first sample, from 130-173 feet, was
composed of sand and clay and contained Pleistocene
and Cretaceous Foraminifera and a few [noceramus
prisms. Seismic shot holes in the vicinity indicate
that the Pleistocene Gubik Formation in few places
exceeds 100 feet ; therefore, it is assumed that the thick-
ness at the test site is approximately the same.

LOWER ALBIAN ROCKS
GAUDRYINA TAILLEURI FAUNAL ZONE (100-+ TO 1,360 FT)

The youngest Cretaceous rocks penetrated beneath
the Gubik are largely pebble shale from which a small
microfauna of 1 species of radiolarian and 22 species of
Foraminifera was obtained. Although, for the most
part, specimens are compressed, distorted, and difficult
to identify, some species appear to be the same as species
found in the pebble shale of the Barrow wells. From
these fossils the section is equated in part to the lower
part of the Torok Formation and therefore of early
Albian age.

The most diagnostic fossil in the section is Gaudryina
tailleuri Tappan, which ranges throughout the pebble
shale. Specimens occurred sparingly in several of the
upper samples and were common to abundant in many
of the samples between 525 and 804 feet and in most of
the samples from the two cored sections 1,004-1,092 feet
and 1,219-1,348 feet. Actually there seem to be three
kinds of Gaudryina in the pebble shale section. (See
p. 127.) Sort, flared, or twisted specimens occur in
the upper beds down through 645 feet. A second type,
which ranges from about 572 feet through the core at
1,082-1,092 feet, has a narrow, elongate test with paral-
lel sides. These tests may be compressed, twisted, and
broken, but they seem to be the same as specimens found
in the lower part of the Torok Formation. A third
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type, found in cores from 1,258-1,348 feet, has well-
preserved, triserial tests, which are partly filled with
pyrite. The tests of this Gaudryina are of the “Ver-
newilinodes” type, and inasmuch as they are similar to
specimens previously described as Verneuilinoides
taillewri Tappan (Tappan, 1957, p. 208) from outcrop-
ping beds of the Fortress Mountain Formation, they
represent the Verneuilinoides stage of the faunal zone.
Specimens that show both triserial and biserial stages
are the same as forms that were described as Dorothia
chandlerensis (Tappan, 1957, p. 209) from outcropping
beds in the lower part of the Torok Formation.

Since publication of the descriptions of Vernewilin-
oides taillewri and Dorothia chandlerensis, however,
studies made by Mrs. Loeblich of a suite of specimens
from the subsurface pebble shale sections, particularly
from the Avak well, suggested a gradational develop-
ment from the triserial form to the more elongated
triserial-biserial from typical of Gaudryina. Further-
more, no specimens found had the initial stage charac-
teristic of the genus Dorothia, although distortion of the
initial part of the test might suggest such a stage. Mrs.
Loeblich thus concluded that the specimens previously
described as V. taillewri and D. chandlerensis are the
same species and has accordingly reassigned the species
to Gaudryina taillewr: (Tappan, 1962, p. 149).

Though not exclusively characteristic of the pebble
shale beds, specimens of Haplophragmoides topagoruk-
ensis Tappan of both small and large size were
common in many of the samples, and flattened tests of
Trochammina eilete Tappan occurred in significant
numbers in several samples. In addition, specimens of
Bathysiphon brosgei Tappan, Miliammina cf. M. subel-
liptica Mellon and Wall, Gaudryinella irregularis
Tappan, and Ammobaculites fragmentarius Cushman
are relatively numerous. Most of these specimens are
somewhat twisted; but the tests of G. irregularis are
especially delicate, and nearly all are badly distorted.
Many of the tests of A. fragmentarius range from
small, narrow specimens to wide, robust forms that
have an initial whorl of approximately the same width
as the uniserial chambered part of the test.

Species of Miliammina in this section are of particu-
lar interest as specimens of the genus were rarely found
in the lower part of the Torok Formation, and none
have been observed in samples from the Fortress Moun-
tain Formation. The distorted tests of the specimens
found in the Avak well prohibit definite specific deter-
mination, but they seem to be more closely related to
M. subelliptica Mellon and Wall described from the
basal shales of the Clearwater Formation in Alberta,
Canada. than to one of the three species found in the
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Verneuilinoides borealis faunal zone of the younger
Albian beds in Alaska.,

Tests of Trochammina gatesensis Stelck and Wall
were found in a core sample from 1,082-1,092 feet and
were common in some core samples from 1,258-1,338
feet. Small pyramidal tests of Gaudryina barrowensis
Tappan of the sort found in the pebble shale section of
the Barrow wells were common in the samples from
1,004-1,018 and 1,278-1,298 feet and occurred in the
cores from 1,313-1,338 feet. Specimens of “Z'ritaxia”
athabascensis Mellon and Wall were found sparsely in
a few samples, and questioned specimens of this spe-
cies were common in a core sample from 572-592 feet.
All are flattened. Some of the specimens in the lower
samples are relatively large and tend to be biserial in
the later part of the tests; thus they closely resemble
the specimens described from the basal shales of the
Clearwater Formation of Alberta, Canada. Other
arenaceous species of Foraminifera are rare in occur-
rence and number of specimens found. The total as-
semblage of microfossils in the well samples is given
on plate 17.

Only three calcareous species were found in all the
samples, and of these, only Conorboides wmiatensis
(Tappan), could be identified specifically. Specimens
of this species were scattered in the samples, and in a
core sample from 1,061-1,077 feet somewhat distorted
tests were common. Radiolaria are virtually unknown
for this section except for two occurrences of single
specimens of pyritic casts of Dictyomitra sp.

LOWER JURASSIC (LOWER TOARCIAN TO
SINEMURIAN) ROCKS

UNNAMED SHALE (1,360-2,307 FT)

A section of approximately 1,000 feet of Jurassic
rocks was penetrated beneath the Lower Cretaceous
pebble shale. Although these beds are predominantly
clay shale, a sandy section is present between 1,518 and
1,558 feet, and approximately 254 feet of argillaceous
sandstone was penetrated between 1,636 and 1,890 feet.
The basal 27 feet of beds is conglomerate,

A small microfauna equivalent to part of that iden-
tified from lower Toarcian and upper Pliensbachian
rocks in South Barrow test well 3 (Tappan, 1955, p.
27) was found between 1,378 and 1,664 feet. A core
sample from 1,378-1,397 feet yielded abundant speci-
mens of flattened tests of 7rochammina sable; Tappan
and numerous broken small tests of Ammobaculites alas-
kensis Tappan, pyritic casts of Eoguttulina liassica
(Strickland), and pyritized fragments of chambers of
Dentalina pseudocommunis Franke. Also present were
a few pyritized tests of small specimens of Ammodis-
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TABLE 16.—Stratigraphic summary for Simpson core tests 13-31 and Minga velocity test
[Depth or range of stratigraphic and paleontologic elements given in feet; T.D., total dep_th]
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Simpson
core test

Total depth (feet)

Depth or depth range (feet)

Number of feet of coring

Gubik Forma-

Froximate base
tion

Ap
0

Seabee Formation

D.
cf. B. ashurkoffae
Cobban and

Borissiakoceras sp.
Grye

Fish bones

Foraminifera

era
Beds of Albian Age

Radiolarian zone
Pelagic Foraminif-
Other Colville

Imlay

Ditrupa cornu

Verneuilinoides
borealis zone

Tuktu fauna

Sample information

-
'
5]
«®

1,270

290

800
1,100

1,061

1,001

903

1,035

900

1,510

1,171

2, 505

700

1,190

90

35
45

251

79

118

55

348

11

408

&

80?
80?

90?

80

85

90

80?

110

90

110?

90

85

83-661
85-4753-

(Cored,
200-290)
752

807-544?
?

907-?

80-T.D.?

85-T.D.?

90-1, 2707

807-T.D.?

110-580?

90--580

1107-832

90-498?

107-?

1207-1, 040

85449

See footnotes at end of table.

407

154-168

105-190
569-673

240-305

250-T.D.
235-370

520-620
1,050

290-?

130-208
300-309

500-510

490-?

310-?

591-791

137-170

410-?

102-173

592-655 640-641 (________ 661-T.D.

1270475 | ... 295-305 | 475-T.D.

2258-T.D.
235-4307

340-350 |___.__._.._.

......................... 1,270-T.D.

......................... 680%-T.D.

_________________________ 580-T.D.

_________________________ 832-T.D.

117-170 |________ 159-170 | 4987-T.D.

4124-201 |168-190 |124-446 >-T.D.

,,,,,,,,,,,,,,,,,,,,,,,,, 1,040-T.D.

427438 ... 163-223 | 459-T.D.
417-449

852-1, 050

865-7

1,200-7

860-1010

850-T.D.

853-1446

820-?

720-T.D.

1,120-2, 344

679-T.D.

661-1, 158

661~7

1,270-?

860-T.D.

832-T.D.

498-?

720-T.D.

1,040-T.D.

679-T.D.

852-1, 158

1,015-?

1,000-T.D.

1,490-T.D.

1,491-T.D.

679-T.D.

Mostly barren in upper
600 ft; very fossilifer-
ous Albian section.

Ditch samples; cores
fossiliferous in Albian
section,

No samples above 200 ft.

Gubik contamination
through 215 ft; largely
barren below 430 ft.

Barren below 544 ft.

Samples poor, mostly
barren except for
Gubik contamination
through 560 {t;
Chandler Forma-
tion(?) 710-1,000 ft.

Samples poor; Gubik
contamination
throughout; few non-
descript Radiolaria
and Foraminifera of
Cretaceous(?) age.

Samples poor; Gubik
contamination
throughout; Inocera-
mus prisms below
1,020'ft.

Samples poor; Gubik
contamination
through 790 ft; few
nondescript Radio-
laria and Foraminif-
era.

Most cores barren;
Gubik contamination
through 1,320 ft; a
few specimens of
Haplophragmoides.

Poor data; Gubik con-
tamination through
680 ft; casts of
““ Zonodiscus” at 300-
309 ft; No Foraminif-
era.

Most cores barren;
Gubik contamination
throughout; small
fauna in core at 1,000~

s 1,01? ft. y N
amples poor, largely
barren; Gubik %‘o—
raminifera in core 100~
110 ft; Gubik con-
tamination through
560 ft.

No data on upper beds;
Seabee Formation on
Tuktu(?) Formation.

No cores below 580 ft;
ditch samples poor;

Gubik contamination
through 620 ft.

Continuous cores 102-
446 ft; no samples
450-540 ft; probably

Grandstand and
Chandler below 540
ft; Tuktu fauna may
start higher than
lowest core (1,490~
1,500 ft).

Some clay shale may
be equivalent to
upper part of Torok
Formation.

Continuous cores 71-469
ft; Radiolaria very
restricted; barren
beds may be in
Chandler Formation.
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TABLE 16.—Stratigraphic summary for Simpson core tests 13-31 and Minga veloocity test—Continued

Depth or depth range (feet)

Simpson
core test

Gubik Forma-

tion
cf. B. ashurkoffae

Cobban and
Grye
era

Total depth (feet)
Number of feet of coring
Ap})roximate base
0

Seabee Formation
Borissiakoceras sp.
Radiolarian zone
Pelagic Foraminif-

Fish bones

Sample information

Foraminifera
borealis zone

Beds of Albian Age
Imlay

Other Colville

Ditrupa cornu

Verneuilinoides
Tuktu fauna

g

857-429-+ 1143-253 |{153-162

xR
<
<]
[=3
n
~

85
1004

701
355

20
240

125-219

1,233 85? | 857-610 |-—_-.... 280-? ||

Small Albian fauna
577-620 ft similar
to that in East
Topagoruk test well
1 at 400 ft.
Cored 680-700 ft only;
no0 samples above,
Cored continuously
115-355 ft, but Boris-
siakoceras sp. not
found.
.| Only cored at bottom
of hole; samples above
1,020 ft too poor for
paleontologic diag-
nosis; Gubik con-
tamination through
960 ff.

182-398 | 420-T.D. 429-620

1,020-T.D.

1 Zone good.
2 Zone fair.
3 Present.

4 Very good.

frequently a fish scale was found in a few cores; large
scales of about an inch in diameter found in a core at
417 feet in core test 29 were identified by D. H. Dunkle
of the U.S. National Museum as being from a chirocen-
trid fish of the genus Portheus (Hypsodon) or
Ichthyodectes.

The thickness of the Seabee Formation in the Simp-
son Seeps area could be as much as 1,200-1,400 feet, if
the data from core tests 18 and 21 are reliablé. How-
ever, only four cores were taken in core test 18, and the
lowest was at 816-826 feet. No fossils other than three
or four specimens of Radiolaria (Cenosphaera? sp.)
were found in samples from the lower beds, and the
poor quality of the ditch samples is indicated by Gubik
contamination through 1,360 feet of section. A better
indication of the thickness of the Seabee Formation is
suggested in core test 21, where a core taken at 1,200—
1,209 feet was still in clay shale that is probably part of
the same formation as the higher beds, whereas Albian
fossils were found in samples from 1,270-1,280 feet and
1,290-1,300 feet. The thickest cored section of the
Seabee Formation was in core test 13; almost 600 feet
of Seabee was continuously cored, and the formation
rests on Lower Cretaceous beds at 661 feet.

All the Upper Cretaceous beds penetrated in the
Simpson Seeps core tests have been assigned to the Sea-
bee Formation because of the presence of the early
Turonian ammonite Borissiakoceras and the planktonic
Foraminifera Hedbergella loetterlei (Nauss) and
Heteroheliz globulosa (Ehrenberg). However, the
presence of Schrader Bluff beds is suggested because the

Radiolaria that occur above the ammonite and that
seemingly are associated with it in core tests 14A and
27 are the same species found elsewhere in the lower part
of the Sentine! Hill Member and the upper part of the
Barrow Trail Member of the Schrader Bluff Formation.
In addition, a few specimens of Quinqueloculing cf. @.
sphaera Nauss found above the Radiolaria in some of
the core tests suggest the presence of Schrader Bluff
beds because this foraminifer seems to be more charac-
teristic of the Schrader Bluff Formation than of the
Seabee Formation. It is thus entirely possible that
part of the sequence could be in the Schrader Bluff
Formation, but that the evidence is obscured because of
a possible unconformity in the Upper Cretaceous rocks.
An unconformity together with faulting could have
brought middle Schrader Bluff radiolarian beds into
contact with strata bearing the planktonic Foraminif-
era and Turonian ammonite; faulting could also ex-
plain the absence of the ammonite beds in some of the
core tests. Only a minor displacement would be needed
to produce the faunal relationship noted above, if there
were an unconformity between the Shale Wall Member
of the Seabee Formation and the radiolarian beds of
the Schrader Bluff Formation. Furthermore, if in this
area structures were forming between the close of early
Turonian time and the beginning of Campanian time,
few or no sediments would have been deposited, and
the radiolarian beds of the middle part of the Schrader
Bluff Formation would rest on beds of the Shale Wall
Member of the Seabee Formation. Slight faulting
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could have brought the beds into their present close
relationship,

MIDDLE TO UPPER ALBIAN ROCKS

Verneuilinoides borealis faunal zone

Sparingly fossiliferous beds of Albian age underlie
the Seabee Formation, and these range in thickness
from a few feet to 950 feet in core test 27. These beds
represent the only part of the section that is nearly
analogous to the Grandstand Formation of the foothills
region, as they carry a restricted microfauna consisting
chiefly of Verneuilinoides borealis Tappan, Miliammina
awunensis Tappan, and Saccammina lathrami Tappan
of the Verneuilinoides borealis faunal zone,

Tubes of Ditrupa cornu Imlay occur within this
poorly fossiliferous section in the Simpson core tests;
however, in the Foothills region these worm tubes are
confined almost entirely to beds lower in the section
and are associated with a prolific Verneuilinoides bore-
alis fauna characteristic of the Tuktu Formation. The
appearance of the tubes above that zone in the Simpson
area suggests that they extend higher in the Albian
section in the coastal plain than in the Foothills region.
There is not, however, any consistent top to the Ditrupa
occurrences in the Simpson area, and very likely chance
was an important factor in their being retained in the
drilling mud-impregnated ditch samples of the Simpson
core tests.

Microfossils of the Verneuilinoides borealis zone were
found in clay shale beds in 15 of the Cape Simpson core
tests. Most of these fossils can be readily recognized
although the greater number of arenaceous specimens
are crushed and somewhat distorted. In nine of the
core tests, very fossiliferous beds of the lower part of
the V. borealis faunal zone contain a microfauna that
is equivalent to the assemblage characteristic of the
Tuktu Formation and the upper part of the Torok For-
mation, but in only three or four of these core tests,
where several hundred feet of the fossiliferous section
of Albian age was penetrated, were the specimens
numerous and the assemblage large.

The thickest Albian section was penetrated in core
test 28, where approximately 1,485 feet of Tuktu and
Grandstand Formations undifferentiated underlie ap-
proximately 1,020 feet of beds that may be the Seabee
Formation. In core test 28, however, the Albian sec-
tion yielded a relatively small microfauna, largely from
10 cores taken at approximately 100-foot intervals be-
low the 1,281-foot depth. Only 16 core samples and
23 ditch samples from the entire 1,500-foot section be-
tween 1,000 feet and the bottom of the hole at 2,505 feet
were available for microfossil study, but of that inter-
val there were no ditch samples from 1,450-2,090 feet
and only six core samples.
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In core test 28 the restricted Verneuilinoides borealis
fauna characteristic of the Grandstand Formation was
found about 400 feet above a more extensive V. borealis
fauna which is correlative with the Tuktu faunal facies;
in core test 13, a limited fauna is approximately 190 feet
above a prolific V. borealis fauna, but in core test 23 the
interval between the two faunas is only about 140 feet.
The lowest beds penetrated may be in the Torok Forma-
tion.

In core test 25, an abundant microfauna of Albian age
appears immediately beneath beds that may belong to
the Seabee Formation; this microfauna was found
throughout nearly 700 feet of a continuously cored sec-
tion. The fauna includes 37 species of Foraminifera
and 2 species of Radiolaria and could represent the
lower part of the Tuktu faunal facies of the Vernewili-
noides borealis zone or the upper part of the Torok
Formation. It is much too well developed to be within
the Grandstand Formation. Ten Foraminifera were
common to abundant in one or more samples and
occurred relatively frequently in others; in order of
abundance they are Verneuilinoides borealis Tappan,
Haplophragmoides topagorukensis 'Tappan, Miliam-
mina manitobensis Wickenden, Miliammina awunensis
Tappan, Textularia topagorukensis Tappan, Ammodis-
scus rotalarius Loeblich and Tappan, Glomospirella
gaultina (Berthelin), “T'ritaxia” manitobensis Wicken-
den, @loborotalites alaskensis Tappan, and Pallaimor-
phina ruckerae Tappan. Seven other species occurred
in 6-12 samples, but in each occurrence the number of
specimens was rare. Twenty more species of Forami-
nifera and 2 species of Radiolaria were found only
rarely.

In a continuously cored section in core test 13, about
190 feet of poorly fossiliferous to barren Lower Creta-
ceous beds occur immediately below the Seabee Forma-
tion. This cored section is followed by about 300 feet of
section (852-1,158 feet) in which an abundant Verneui-
linoides borealis microfauna was found. The extent of
the microfauna is unknown, however, as the lowest 52
feet of the continuously cored section is barren, and
very few microfossils were found in the ditch samples
from 1,210 feet to the bottom of the hole at 1,438 feet.
In core test 14 the abundant microfauna is known only
from three cores (1,015-1,023 ft, 1,039-1,045 ft, and
1,072-1,075 ft) as ditch samples to total depth at 1,265
feet were barren or yielded only an infrequent foramini-
fer. In other core tests the section bearing the abundant
V. borealis fauna was penetrated to a depth of only a
few feet.

POSSIBLE STRUCTURE OF THE SIMPSON SEEPS AREA

Speculation as to the origin of the Simpson seeps has
led interested geologists to consider as causal factors
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possible depositional features such as offshore sand bar
deposits; structural features including faults; and ero-
sional features such as submarine canyons. Seismic
evidence has generally ruled out the possibility of shal-
low faults of any magnitude in the area. Perhaps the
best suggestion has been that of submarine canyons as
T. G. Payne originally proposed (Payne, unpublished
data). The possibility of Late Cretaceous submarine
canyons in the Simpson area was reviewed by F. M.
Robinson (written commun., 1954). She concluded
that rapid submarine erosion produced canyons and
residual highs of sands in the Lower Cretaceous sedi-
ments that were rapidly filled and buried by subsequent
deposition of younger Cretaceous rocks almost contem-
poraneous with erosion. Oil later accumulated in the
stratigraphic traps produced by the ridges of sand, and
minor faulting probably provided avenues through
which oil could migrate to the land surface.

A study of the Lower Cretaceous paleontologic data
suggests that some consideration of a structural inter-
pretation for the origin of the seeps should not be over-
looked. The prolific Verneuilinoides borealis fauna of
the Tuktu and Torok facies occurs in the Simpson
Seeps area and was found on “highs”; contours can be
drawn to show the top of this prolific fauna. If the
contours are coordinated with the prevailing dips in the
upper 2,000 feet of reflections from seismograph lines
crossing this area, a possible structural pattern that can
be drawn suggests that the Lower Cretaceous beds were
involved in a series of shallow minor folds in part
eroded prior to Colville time. Post-Cretaceous faulting
in this area could have provided the necessary avenues
of escape for the oil that accumulated in minor folds
of the upper Albian rocks. The seeps themselves prob-
ably formed relatively late, their growth in part stimu-
lated by the permafrost action that has gone on since
Pleistocene time.

TOPAGORUK TEST WELL 1

This test well was drilled on a seismic structure, on
the west side of the Topagoruk River, about 9 miles air
line south of its mouth. It was the second deepest well
(10,503 feet) in the Reserve and penetrated about 36
feet of Pleistocene sediments, approximately 6,540 feet
of Lower Cretaceous rocks, 2,040 feet of Jurassic rocks,
740 feet of Triassic rocks, and more than 1,100 feet
of middle to late Paleozoic rocks. The stratigraphy and
hithology have been discussed by Collins (1958b).
Collins regarded the Cretaceous rocks through 1,350
feet as the Grandstand Formation, from 1,350 to 3,900
feet as the Topagoruk Formation, and from 3,900 to
6,600 feet as the Oumalik Formation. In this report
the section from 50 to 1,350 feet is considered as Tuktu
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and Grandstand Formations undifferentiated, and the
section from 1,350 to 6,600 feet as the Torok Formation.
Cretaceous rocks in the upper 1,350 feet of the well are
largely marine sandstone with a large amount of marine
clay shale and a few thin beds of coal. Sandstones
range from a few feet to 50 feet in thickness. The
sequence below 1,350 feet to the top of the Upper Juras-
sic rocks is composed largely of clay shale with thin
beds and laminae of siltstone. In the upper part are a
few beds of sandstone less than 10 feet thick.

A preliminary summary of the microfossils in this
test hole was published (Bergquist, 1958¢, p. 311-313),
but subsequent detailed studies of the Cretaceous micro-
fossils has necessitated certain nomenclatural changes
as follows: Ammobaculites n. sp., now A. wenonahae
Tappan ; Spiroloculina ophionea Loeblich and Tappan,
now reidentified as Psamminopelta subcircularis Tap-
pan ; Spiroplectammina koveri Tappan, now a synonym
of Textularia topagorukensis Tappan; Globulina
lacrima Reuss, now separated as the subspecies .
canadensis Mellon and Wall; Ditrupa sp., now Ditrupa
cornu Imlay. All microfossils recovered from the
Cretaceous rocks, plus those from the Jurassic and Tri-
assic beds, are tabulated on the faunal chart (pl. 19).

MIDDLE TO UPPER ALBIAN ROCKS
VERNEUILINOIDES BOREALIS FAUNAL ZONE (200-3,600 FT)

The only microfaunal zone recognized in this test well
is the Vernuenilinoides borealis zone, which extends
through the sequence of sandstone and clay shale in the
upper 1,350 feet of the well and through part of the
thick clay shale sequence of the Torok Formation. The
first few fossils of this zone were found in a sample
from 200-220 feet, and fossils continued at least through
the core at 8,550-3,560 feet.

Relatively few species were found in the ditch
samples, but numerous species of Foraminifera were
found in some of the cores. This fact suggests that the
quality of the ditch material was poor. For example,
four species of Foraminifera were found in relative
abundance in a core at 911-919 feet, but only a few
specimens of some of these species were found in ditch
samples from above and below the same core. Further-
more, the Tuktu faunal facies, which is fairly well
developed in Simpson test well 1, 17 miles N. 17° E,,
seems to be only meagerly present in the Topagoruk
well in the core at 911-919 feet where Ammobaculites
wenonahae Tappan and Psamminopelta subcircularis
Tappan were common. The former of these two species
was not found in outcrop samples of the Grandstand
Formation, and the latter was noted only rarely. Al-
most certainly, however, these two fossils and the Tuktu
faunal facies in general have much greater extent than
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the core indicated, as it would be strange indeed if the
coring occurred in the only good fossiliferous strata in
several hundred feet of section.

One interpretation of the limited zone is that the
Tuktu faunal facies is interbedded with a predomi-
nantly less marine Grandstand faunal facies because a
core from a position approximately 300 feet higher and
a core from about 200 feet lower were both non-
fossiliferous.

In evaluating the fauna for statistics on the Ver-
newilinoides borealis zone in this test hole, only the
samples to the depth of 2,950 feet have been considered,
as it is almost certain that specimens in ditch samples
below that depth are contamination from higher beds.
A total of 45 species of Foraminifera are tabulated
for this interval on plate 19. Of these, 25 species are
calcareous, but they constitute only 14 percent of the
fauna tabulated, as only 1 species, Gavelinella stictata
(Tappan), is conspicuous in the fauna. It constitutes
6 percent of the count, whereas 16 calcareous species are
represented by only 1-5 specimens each.

Twenty identified species of arenaceous Foraminif-
era constitute 86 percent of the Verneuilinoides bore-
alis fauna in this test well. Heading the list is Haplo-
phragmoides topagorukensis Tappan constituting 37
percent, and V. borealis Tappan making up 18 percent.
Specimens of Bathysiphon vitta Nauss? account for 14
percent, and Ammobaculites wenonahae Tappan is rep-
resented by 3 percent of the count; 17 other arenaceous
species together account, for 12 percent of the total, but
7 of these species are represented by only 1-7 specimens
each.

Most of the specimens found in beds through the up-
per part of the faunal zone have a fine arenaceous
texture, are light tan to buff, and are flattened but not
crushed. Although most of the Verneuilinoides borealis
specimens are compressed, the chambers are fairly dis-
tinct and show their similarity to the few specimens that
have retained inflated, subtriangular tests. . Lower in
the test hole, compressed specimens of V. borealis are
short, triangular in outline, and have a coarse texture
that almost obscures the chambers. Specimens of
Ammobaculities wenonahae and Gaudryina canadensis
Cushman are brown, have a granular texture, and are
flattened so that the chambers are not very distinct.
Compressed specimens of T'extularia topagorukensis
Tappan are white, narrow, elongate, and very delicate.
Scattered through the samples are tubes of Ditrupa
corny Imlay; in some of these tubes the middle layer
is partially replaced by pyrite, whereas the inner and
outer layers are still calcareous.

In the upper part of the Torok Formation, com-
pressed, light-colored specimens of Haplophragmoides
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topagorukensis are conspicuous. The core at 1,490-
1,501 feet yielded 22 species of Foraminifera, one of the
largest assemblages from any sample in the Vernewili-
noides borealis faunal zone. Specimens of H. topa-
gorukensis and Gaowvelinella stictate make up about 32
percent of this assemblage; Bathysiphon vitta Nauss?,
B. brosgei Tappan, Vaginulinopsis miiller: (Reuss),
the short cone-shaped calcareous tests of Eurycheilos-
toma robinsonae Tappan, and the high cone-shaped .
grandstandensis Tappan make up approximately 40
percent. Other species are represented by one to five
specimens each. The preservation and appearance of
the specimens from the core at 1,490-1,501 feet are
similar to those of specimens in the upper part of the
well. Arenaceous species are compressed ; specimens of
H. topagorukensis are distorted; and the chambers on
the specimens of V. borealis are indistinct. Many of
the calcareous specimens are partly crushed.

In ditch samples from 1,690-1,790 feet, a few tests of
Gaudryina nanushukensis Tappan were found. Spec-
imens are large, rather stout, and are easily identified
by the broad triangular cross section and the light-gray
surface mottled by sooty manganese spots along the
sides and sutures.

Several glauconitic casts of Dictyomitra sp. were
picked from a ditch sample from 2,530-2,540 feet, and
specimens were common in a sample from 2,620-2,630
feet. The casts are dark green and are elongate conical;
many show transverse septal strictures, and a very few
have impressions of the longitudinal ribs characteristic
of D. multicostata Zittel. Two vaguely conical speci-
mens occurred as high as 2,120-2,130 feet, and there
were rare occurrences of casts in samples down to the
depth of 3,000 feet. Through the succeeding 1,000
feet of beds, the casts were common in some ditch
samples but were not found in any cores. Apparently
the specimens were replaced in a zone of glauconite that
can be traced in the upper part of the Torok Forma-
tion in wells and shot holes drilled in the Simpson
Peninsula, Topagoruk, and Barrow areas. In the
Topagoruk test well, the zone is probably within
the interval 2,530-2,640 feet, where the casts were
abundant, but in samples from 3,000-3,150 feet,
the casts were also very common. FEither there is
a second zone, or the casts were introduced from the
higher beds by ditch contamination.

Apparently contamination of ditch samples from the
higher beds of the Cretaceous was prevalent in much
of the lower part of the Cretaceous section as many
of the species of the Verneuilinoides borealis faunal
zone occurred continuously in ditch material through-
out the Torok Formation. If only the data from the
cores are considered, the fauna is rather small in the
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lowest 500-1,000 feet of the V. borealis zone. In the
core at 2,940-2,950 feet Bathysiphon vitta Nauss? and
Haplophragmoides topagorukensis Tappan were com-
mon. An imprint of an ammonite at 3,249 feet was
identified by Ralph Imlay as Cleoniceras sablei Imlay.
At 3,550-3,650 feet light-colored flattened, tapering tests
of Textularia topagorukensis Tappan were common.

LOWER PART OF TOROK FORMATION (3,600-6,600 FT)

There are scarcely any paleontologic data to evaluate
the beds between 3,600 and 6,600 feet, which are the
lower part of the Torok Formation. Most of the micro-
fossils found in ditch samples are species from the
Verneuilinoides borealis fauna. Thirty-six of the forty
cores from this part of the formation were barren, and
the 4 “fossiliferous” cores gave scant data. A core at
4,100-4,110 feet was barren except for a few /noceramus
prisms. From a core at 4,345-4,348 feet, only a ques-
tionable specimen of Haplophragmoides topagorukensis
was found. Two distorted specimens of . topagoruk-
ensis were found in core 17 (4,632-4,635 ft), and two
specimens came from a core at 6,480-6,490 feet.

There were, however, a few pyritic casts of Radiolaria
of the forms found in the type section of the “Oumalik”
Formation in OQumalik test well 1 and in the lower part
of the outcropping Torok Formation. The pyritic
casts are stichocorythidian specimens found in ditch
samples starting at 4,610-4,620 feet and continuing
through 5,180-5,190 feet. Most of the casts are spindle
shaped (ZLithocampe? sp.) ; a few are conical and have
a flattened top (Dictyomitra? sp.). Some of the latter
are short and stubby; others are elongate. Some casts
are pitted from original pores; others are granular. On
some, transverse strictures are faintly indicated between
joints, but surface ornamentation is not retained. The
casts of Lithocampe? sp. are the more numerous of the
casts of the two genera.

JURASSIC ROCKS

A section of fossiliferous Upper. Jurassic sediment
was penetrated from 6,600 to 7,820 feet. Beneath these
sediments, the beds from 7,820 to 8,640 feet are con-
sidered to be of Middle Jurassic age. Lower Jurassic
rocks apparently are absent.

UPPER JURASSIC (OXFORDIAN OR LOWER
KIMMERIDIGIAN) ROCKS

The sequence from 6,600 to 7,820 feet is largely clay
shale but has a basal unit of glauconitic sandstone. No
Foraminifera were found in ditch samples from the
upper 140 feet of the section, but tiny pyrite concretions
were found in all samples from 6,630 feet through a
fossiliferous core at 7,042-7,062 feet. In the 300 feet of
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“pebble shale” (6,600-6,910 ft) in the uppermost part
of the section, a sparse microfauna was found in two
cores (6,742-6,753 ft and 6,849-5,859 ft). Specimens
are crushed, which make identification difficult, but the
few species present appear to be closely related to the
prolific microfauna found 300 feet lower. Specimens
of Gaudryina topagorukensis Tappan? were common,
and a vitreous-looking low spired small species of
T'rochammina that has several chambers in the last
whorl was abundant. The specimens appear to be the
same as the specimens of a species found with the pro-
lific fauna at a lower depth.

The determination of the Upper Jurassic beds as
Oxfordian or early Kimmeridgian age was made by
Mrs. Loeblich (Tappan, 1955), who also described sev-
eral new species from this well. In asample of “pebble
shale” in a core at 7,042-7,062 feet, about 24 species of
Foraminifera were identified. These are tabulated on
plate 19. Associated with the Foraminifera were frag-
ments of mollusk shells, including a specimen of Buchia
cf. B. rugosa (Fischer) at 7,060 feet and a species of
ostracode. According to Imlay, who identified the
mollusk, B. rugosa has a range from middle Kimmerid
gian to early Portlandian age.

Of the Foraminifera found in the core sample at
7,042-7,062 feet, calcareous specimens are prevailingly
grayish tan, and the tests are filled with calcite. Some
are broken, but none are distorted. Specimens of are-
naceous Foraminifera are generally dark colored; some
are pyritic. Where replaced by pyrite, the original
shape is retained, but otherwise many of the trochoid
and planispirally coiled forms are crushed and dis-
torted. Nonpyritized specimens of the bulbous 7'ro-
chammina canningensis Tappan are severly flattened
and distorted. The high-spired 7’rochammina topago-
rukensis Tappan is preserved mostly as conical pyrite-
filled tests, having sutures flush with the surface.
Specimens of Ammobaculites alaskensis Tappan show
a considerable range in size and shape from long narrow
specimens to short wide ones; the fine-grained surfaces
of many have a few larger grains of quartz that give a
seemingly coarse texture to the surface.

Below the fossiliferous core mentioned above, Foram.
inifera were of erratic occurrence and abundance, and
few species were found in the ditch samples. In some
caved material, slonghed from the sides of the hole
somewhere between the top of the Jurassic beds and
the 7,500-foot depth, dark-colored specimens of Am-
mobaculites olaskensis Tappan and Gaudryina lefing-
welli Tappan were very abundant. Various stages in
the growth of tests of the latter are seen in the collec-
tions; specimens vary from short triserial forms to
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large mature individuals having an elongate parallel-
sided biserial stage following the triserial stage.

Upper Jurassic species of Foraminifera appeared
consistently in the ditch samples from about 7,400 feet
to a barren core at 7,803-7,816 feet; and in the interval
7,857-8,100 feet, H aplophragmoides canui Cushman was
common in many samples.

MIDDLE(?) JURASSIC ROCKS

Approximately 800 feet of beds (7,820-8,640 ft) be-
tween the glauconitic sandstone at the base of the Upper
Jurassic rock sequence and the top of the Triassic rocks
at 8,640 feet has been considered Middle Jurassic age
(Collins, 1958b, p. 270). The sequence consists largely
of clay shale but has nearly 100 feet of siltstone at the
top and about 60 feet of siltstone at 8,215-8,275 feet.
Fragmentary molds of ammonites found within a core
at 8,111-8,113 feet were studied by Imlay (1955, p. 82,
89), who identified two specimens as Pseudolioceras?
sp. and one specimen as 7'mefoceras sp. Imlay con-
sidered the last specimen mentioned to resemble the
inner whorl of specimens of 7'metoceras from the lower-
most exposed beds of the Kialagvik Formation in the
Alaskan Peninsula (Imlay, 1955, p. 89). As these am-
monites normally occur near the base of the Middle
Jurassic, Collins (1958b, p. 270) suggested that some
of the strata above the Triassic beds may be of Early
Jurassic age. There were no Foraminifera in the core
with the ammonites, and the lower Toarcian and upper
Pleinsbachian foraminiferal fauna which was so pro-
lific in South Barrow test well 3 and in Simpson test
well 1 was completely absent. The Foraminifera
found in ditch samples in the lower part of the Jurassic
section are contamination from Upper Jurassic beds.

TRIASSIC ROCKS
SHUBLIK FORMATION (8,640-9,380 FT)

The top of the Shublik Formation is questionably
placed at 8,640 feet in the midst of a clay shale
sequence—on the basis of one specimen of Astacolus
connudatus Tappan, a thin planispiral narrow keeled
calcareous Shublik species. In the succeeding ditch
samples from 8,670-8,690 feet, two fragments of a
Shublik costate Nodosaria (N. shublikensis Tappan)
were found. Other ditch samples down to a core at
8,917-8,921 feet were either barren or had only con-
taminating Upper Jurassic Foraminifera. In the core
sample from 8,917-8,921 feet were incomplete pyritic
internal molds of an elongate biserial caleareous species,
Pyrulinoides plagia Tappan ; several pyrite-filled speci-
mens of the tiny Bolivina lathetica Tappan; and a {rag-
ment of the compressed and ribbed Frondicularia
acmaea Tappan. Pyrite casts of indeterminate Foram-
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inifera species, tiny smooth-valved ostracodes, and
pyritic internal molds of a tiny rounded to ovate uniden-
tified pelecypod complete the microfauna of this core.
Incomplete casts of the valves of two Triassic mollusks
(Halobia sp. and Monotis sp.) were found in the same
core.

Among the few Foraminifera in succeeding ditch
samples were three or four additional Triassic species
and some Upper Jurassic (contamination) specimens.
From 9,202 to 9,380 feet, some Upper Jurassic species
were common to abundant. Dark-colored specimens of
the most frequently occurring Triassic species, Asta-
colus connudatus, were found scattered through ditch
samples between 9,100 and 9,200 feet and were more
numereous in several ditch samples below 9,200 feet.
Specimens of 7rochamminoides vertens Tappan, a small
planispiral arenaceous species characteristic of the Shu-
blik Formation, occurred in samples from 9,220-9,416
feet. Specimens of two species of ostracodes, fragments
of closely ribbed minute echinoid spines, pyritic in-
ternal molds of a tiny rounded to ovate, unidentified
pelecypod, and a high-spired unornamented gastropod
were found in ditch samples throughout most of the
formation and continued in many ditch samples from
the underlying Paleozoic beds. All these microfossils
are additional aids in identifying the Shublik Forma-
tion; they were found in many samples of the Shublik
from the Sadlerochit River region and in similar beds
in Simpson test well 1 and South Barrow test well 3.
Minute echinoid spines occur only in the upper 120 feet
of the Shublik Formation in the Sadlerochit River
area, but the ostracodes and pelecypod and gastropod
molds range throughout the formation; Foraminifera
are fewest in the upper beds.

PERMIAN ROCKS (9,380-9,770 FT)

A gray sandstone that was cored continuously from
9,416 to 9,596 feet probably was penetrated at 9,380 feet,
where the first cuttings of a similar sandstone appeared.
Ditch samples from the interval above the cored sand-
stone carried only Jurassic and Triassic microfossils as
contamination. The cored sandstone did not contain
microfossils, but in the upper 80 feet (9,416-9,496 ft),
there were narrow, elongate, light- and dark-gray opal-
ized shells of Lingula sp., a long-ranging brachiopod.
At 9,438 feet were poorly preserved leaflike objects that
D. H. Dunkle, U.S. National Museum, identified as
Permian coelacanth fish teeth; they determined the age
of this section.

RED BEDS (9,770-10,040 FT)

The 270-foot section of predominantly red siltstone,
claystone, and sandstone was nonfossiliferous and can
only be assumed to be part of the late Paleozoic. Con-
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tamination from Jurassic and Triassic beds introduced
Mesozoic mircofossils into the ditch samples.

MIDDLE OR LOWER DEVONIAN ROCKS (10,040-10,503 FT,
TOTAL DEPTH)

There were not any microfossils in the cores from
this interval; the few specimens in ditch samples were
contamination from the Mesozoic beds. ‘Carbonized
plant fragments in clay shale from a core at 10,441
feet were identified by J. M. Schopf as species restricted
to Middle or possibly Lower Devonian beds. Hisidenti-
fications include spiney stems of Psilophyton n. sp.
and small branches of Zosterophyllum? n. sp., Aphyl-
lopteris sp. and Hostimella? sp. According to Schopf,
Psilophyton is suflicient to identify the beds as Middle
or Lower Devonian.

EAST TOPAGORUK TEST WELL 1

This shallow test of Cretaceous rocks was drilled to a
depth of 3,589 feet on a small structure about 1214 miles
S. 75° E. of Topagoruk test well 1. Approximately 75
feet of Pleistocene sand and gravel of the Gubik Forma-
tion mantles Lower Cretaceous rocks in the area of this
test hole. The Cretaceous section consists of sandstone
and interbedded shale to about the 1,750-foot depth and
clay shale with some interbedded sandstone from that
depth to the bottom of the hole. Lithologic descriptions
of the entire section were presented by Collins (1958b),
who has divided the Cretaceous beds into the Grand-
stand and Topagoruk Formations on the basis of sand-
stone and clay shale content. In this report the Grand-
stand Formation is considered as Tuktu and Grand-
stand Formations undifferentiated and the clay shale
sequence (Topagoruk Formation of Collins) is referred
to the Torok Formation. A preliminary summary of
the microfossils found in the Cretaceous section has been
published (Bergquist, 1958¢, p. 313-314), but some
changes have since been made in a few generic and
specific determinations. A complete tabulation and
distribution of all microfossils identified are shown on
plate 19. It should be noted that no Foraminifera were
found in the sample of Gubik sand (40-90 ft), but some
Gubik Foraminifera were found in the sample cuttings
of Cretaceous rocks.

MIDDLE TO UPPER ALBIAN ROCKS

VERNEUILINOIDES BOREALIS FAUNAL ZONE (90 FT TO TOTAL
DEPTH)

Only the Verneuilinoides borealis faunal zone was
recognized in the Cretaceous section. The highest in-
dication of this zone is in the sample from 110 feet, but
the microfossils through 210 feet are mostly very
fragile, compressed forms. Components of the zone can
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be compared with those of the same zone in Topagoruk
test well 1 on the basis of abundant assemblages or the
first occurrence of several of the microfossils. Such
comparison suggests that the shallow Cretaceous beds
in East Topagoruk test well 1 are 300400 feet struc-
turally lower than in Topagoruk test well 1 (fig. 46).

The Verneuilinoides borealis zone appears as a
sparse fauna of less than a dozen species of Forami-
nifera in samples from the upper 500 feet of the section
and, with two or three exceptions, was absent from most
of the ditch samples between 570 and 1,560 feet. In
part, this absence may be due to exceptionally poor
samples above 1,140 feet, as many samples are badly
contaminated with sand and gravel of the Gubik For-
mation; also, the section from 1,140 to 1,700 feet is
predominantly sandstone. The paucity of microfossils
in this long interval contrasts with the highly fossilifer-
ous section of about the same stratigraphic position in
Simpson test well 1 and in the wells of the Umiat field,
and seemingly nothing equivalent to the Tuktu faunal
facies is present in this well. It may be that the sand-
stone occupies the interval of the faunal facies identified
in Topagoruk test well 1. In the predominantly clay
shale beds (Torok Formation), however, the V. borealis
fauna expands rapidly to a total of 51 species of Fo-
raminifera and 4 species of Radiolaria. Of these, six
species of Foraminifera are dominant, particularly in
the continuously cored section between 2,012 and 2,184
feet.

The faunal count for all samples studied from the test
hole indicates that 20 arenaceous Foraminifera account
for approximately 82 percent of the entire fauna and 31
calcareous species for about 18 percent. Percentage for
each group is as follows: Haplophragmoides topa-
gorukensis Tappan, 40 percent, far outnumbers all other
species ; Bathysiphon vitta Nauss?, 10 percent, is next;
Verneuilinoides borealis Tappan, 9 percent ; Gavelinella
stictata (Tappan), 5 percent; Eurycheilostoma grand-
standensis Tappan, nearly 4 percent; Gaudryina
nanushukensis Tappan, 8 percent; Ammodiscus rota-
larius Loeblich and Tappan, 3 percent ; and Ammobacu-
lites wenonahae Tappan, 3 percent.

Most of the Foraminifera in ditch samples collected
from 180400 feet in the test hole have certain features
in common : the tests are white to light tan, fine textured,
fragile, and generally are flattened by compression;
some have been misshapen. Pyritic fillings retain the
original shape for a few.

Compressed tests of Verneuilinoides borealis Tappan
were common in three samples, but the original structure
of the inflated chambers is preserved in only a very few
specimens. The white elongate oval tests of Miliam-
mina awuenensis Tappan, flattened to ovate petallike



W<—

.

TUKTU AND GRANDSTAND
FORMATIONS UNDIFFERENTIATED

!
>

TOROK
FORMATION

MICROPALEONTOLOGY OF THE MESOZOI? ROCKS OF NORTHERN ALASKA

173

—>E

TOPAGORUK EAST TOPAGORUK

TEST WELL 1 TEST WELL 1
SEA e ™ SEA
LEVEL GUBIK FORMATIO LEVEL

P

220+

420

Verneutlinoides borealis faunal zone

FI1c

- 200 T~ 3066
400
1
L 600 L9 h 2 MILES
/\)\A Tota_l_depth
3589 ft

URE 46.—Microfossil horizons within the Verneuilinoides borealis faunal zone, Topagoruk area, northern Alaska.

Ditrupa-Inoceramus subzone

TUKTU AND GRANDSTAND
FORMATIONS UNDIFFERENTIATED

TOROK
FORMATION




174

shapes, were common in one sample. The next most
frequently occurring species is Gaudryina canadensis
Cushman, whose long, narrow, flattened or only slightly
inflated tests were found sparingly in five samples. A
few other species of the V. borealis faunal zone and
fragments of pyritic casts of radiolarian tests augment
the small fauna.

Microfossils were even fewer below 400 feet. One core
and most of the ditch samples were barren. Two speci-
mens of Pallaimorphina ruckerae Tappan, a minute
globular calcareous species, and two specimens of
Marginulina  planiscule  (Reuss), a smooth-walled
species of variable size and shape, occurred in a core at
540-547 feet. Verneuilinoides borealis and Haplo-
phragmoides topagorukensis Tappan were common to
abundant in two cores (1,100-1,110 ft and 1,731-1,748
ft) in association with a few calcareous Foraminifera,
but tests of both arenaceous species are so granular that
the outlines of the chambers are greatly obscured. Two
crushed tests of the arenaceous “7'ritaxia” manitobensis
Wickenden were found in a sample from the core at
1,100-1,110 feet.

Fragmentary tubes of Ditrupa cornu Imlay were in
a few ditch samples beginning at 820-830 feet and were
associated with /noceramus prisms below 1,070 feet.
A 14-inch coquina bed of Ditrupa and Inoceramus shell
material occurred in a core at 1,735 feet.

Foraminifera were few in ditch samples from the
upper 250 feet of the Torok Formation, but throughout
the continuously cored section 2,012-2,184 ft was one
of the largest concentrations of Foraminifera found
within the Torok Formation in any of the northern
Alaska wells. It includes more than 30 species (see pl.
19) of the Verneuilinoides borealis faunal zone, and
several species were abundant or common in one or more
cores from the interval. Most numerous are the vitre-
ous, fine-textured, compressed, and constricted tubes of
Bathysiphon wvitta Nauss?; twisted tests of Haplo-
phragmoides topagorukensis Tappan; short triserial
tests of V. borealis Tappan, whose chambers are only
vaguely discernible through a granular texture; and
flattened, distorted, and closely coiled tubular tests of
Ammodiscus rotalarius Loeblich and Tappan. Almost
as numerous are such distinctive species as Gaudryina
nanushukensis Tappan (cores at 2,118-2,144 ft), “7'ri-
taxia” manitobensis Wickenden and Miliammina mani-
tobensis Wickenden (both at 2,164-2,174 ft), Fury-
cheilostoma grandstandensis Tappan, and Gavelinella
stictata (Tappan) ; the broken tests of Ammobaculites
wenonahae Tappan were common at 2,094-2,103 feet.
Other Foraminifera are rarer in numbers and occur-
rences. Fragments of Ditrupa cornu tubes and Ino-
ceramus shells were found in several of the cores.
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The large triserial Gaudryina nanushukensis Tappan
is one of the most distinctive Early Cretaceous species
in northern Alaska. Uncompressed specimens are tri-
angular in cross section; tests are fine textured and are
light gray, mottled by black streaks and spots of sooty
manganese, principally along sutures. The black
mottling is a peculiar selective feature seen almost ex-
clusively on only this species of the northern Alaskan
Mesozoic Foraminifera. The lowest occurrence of .
nanushukensis in this well is at 3,053-3,056 feet.

“Tritaxia® manitobensis Wickenden is also very
easily distinguished even though it invariably seems to
be flattened ; the chambers are overlapped, and this pro-
duces a scalloped or rounded marginal effect. The
white tests are finely textured, and generally each has
a straight tubular neck terminating in a rounded
aperture.

Tests of Miliammina manitobensis Wickenden are
relatively large and have been less affected by compres-
sion than have most arenaceous species. Tests of Am-
mobaculites wenonahae Tappan are light tan and fine
textured ; many are broken, and the uniserial parts were
recovered more commonly than the whorls.

Eurycheilostoma grandstandensis Tappan is readily
recognized by its smooth conical light-brown spire,
capped by three light-gray chambers that flare out-
wardly but slope abruptly inward into a medial depres-
sion. Many specimens of most of the other calcareous
species are filled wholly or in part with pyrite or are
broken.

Fragmentary tubes of Ditrupa cornu Imlay and
Inoceramus prisms occurred in several of the cores
through 2,154 feet; they are indicative of the Ditrupa-
Inoceramus faunal subzone that starts at 820 feet in
this test well and extends through nearly 1,350 feet of
the section.

Dark-green glauconitic casts of a radiolarian (Dic-
tyomitra sp.) occur in and below the lowest part of the
Ditrupa-Inoceramus subzone. The casts are broadly
conical and have transverse septal structures that indi-
cate joint intervals, but no traces of the external orna-
mentation are preserved. Two specimens were found
in a core sample from 2,144-2,154 feet, and specimens
were abundant in a core from 3,066-3,076 feet. Ap-
parently the glauconitic casts are part of a zone of
glauconite noted in the Torok Formation in Topagoruk
test well 1 and in South Barrow test wells 1, 2, and 4.
In the Topagoruk area, however, more than one zone of
glauconite is suggested within a general zone which oc-
cupies approximately the beds in the middle interval of
the upper part of the Torok Formation.

Foraminifera from the Verneuilinoides borealis
faunal zone were present in samples from the base of a
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The genera Spongolonche, Spongostaurus, Spongo-
tripus, and Stylospongia identified in the Fish Creek
material belong to the subfamily Spongotrochinae
Haeckel, 1882, of the Spongodiscidae. Each is char-
acterized by a spongy disk and radial spines, and each
genus is represented by at least one species in the Fish
Creek material. Spongolonche sp. has a spongy ellipti-
cal disk with two opposite equatorial radial spines.
Spongotripus (Spongotripus) sp. cf. 8. (8.) morenoen-
sés Campbell and Church has three solid radial spines
of equal size and distance emanating from a roughly
triangular disk. The identified specimens of Spongo-
staurus have four crossed solid radial spines at corners
of a quadrate rectangular to diamond-shaped or roughly
circular disk (fig. 48). Circular or irregular disks
that have a spongy framework and numerous radial
spines on the equatorial margin identify Stylospongia
(Stylotrochiscus) sp. (fig. 48).

Rhopalodictyum and Spongasteriscus are two genera
found in the Fish Creek material which are classified
under the subfamily Spongobrachinae Haeckel, 1882,
of the Spongodiscidae. Members of this group all have
a spongy disk and spongy radial arms. Rhopalodic-
tyum has a spongy disk from which three spongy arms
emanate. Specimens identified all belong to the sub-
genus 7'riactinosphaera which has three arms of dis-
similar size or distance. More than one species of Rho-
palodictyum could possibly be in the Fish Creek ma-
terial, but all are grouped together here (fig. 48).
Specimens range from those that have wide arms en-
larged at the ends to forms that have narrow arms
slightly inflated at the ends to some that have narrow
arms not enlarged or inflated at the ends. Spongasteris-
cus has four spongy arms crossed in two equatorial
diameters on a circular or quadrangular disk. It is
represented in the Fish Creek well by a species belong-
ing to the subgenus Spongasteriscinus Haeckel, 1887, a
form in which the cross formed by the four arms is regu-
lar and rectangular and in which the arms are equal
sized and equidistant. The few specimens found were
all in one core (1,025-1,035 ft).

Radiolaria of the Order Osculosida Haeckel, 1887,
have “pores restricted to one pole or to tubular open-
ings in the central capsule” (Campbell, 1954, p. D100).
In the Suborder Nassellina Ehrenberg, 1875, the central
capsule of the shell is perforated at only one pole, and
the skeleton is a tripod, ring, or lattice shell composed
of opaline silica; opposite poles of the shell are dis-
similar (Campbell, 1954, p. D100). Five genera and
eight species of the Fish Creek Radiolaria which have
complete lattice shells are identified as nasselline forms
belonging to the Division Cyrtellari Haeckel, 1882, and
to subsuperfamilies Archipiliilae, Sethopiliilae, Theo-
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piliilae, and Triacartilae of superfamily Archipiliicae.
The first three mentioned subsuperfamilies were estab-
lished by Haeckel in 1882; the last, by Campbell in 1954.
Subsuperfamily Archipiliilae includes simple shelled
forms lacking joints or strictures. Members without
radial apophyses (spinelike projections) make up the
family Archicorythidae Haeckel, 1887. A genus of this
family identified in the Fish Creek material is Archi-
corys sp., & form having a cup-shaped latticework shell
with a spine or horn at the apex and an open but some-
what constricted mouth in the basal part. The species
is one of the smallest found in the Fish Creek well and
was common in several samples. It is readily identified
from its small size, cuplike shape, and apical horn.

Two-jointed nasselline shells, divided by a transverse
collar stricture into an apical joint (cephalis) and a
basal joint (thorax), form the subsuperfamily Setho-
piliilae (Campbell, 1954, p. D122). Some members
have radial apophyses, but members of the family
Lophophaenidae Haeckel, 1882, lack them. To this
family belongs the genus Sethocyrtis, which has a cylin-
drical or ovate thorax with a simple constricted mouth
and a cephalis with an apical horn. Two ‘species of
Sethocyrtis—species A (fig. 48) and B—were identified
in the Fish Creek material. They are similar, but
Sethocyrtis sp. B has a very tiny cephalis resting like
a cap on the thorax of the shell.

Three-jointed nasselline shells that have two trans-
verse constrictions are divided into a cephalis, thorax,
and abdomen (third joint) and are classified under
subsuperfamily Theopiliilae (Campbell, 1954, p. D129).
Some members have basal apophyses, others do not. A
form without basal apophyses classified in the family
Theocorythidae Haeckel, 1882, is the genus 7'heocorys;
it has a swollen abdomen, more or less constricted
mouth, and an apical horn on the cephalis. Subgenus
Theocorys has pores of nearly equal size and similar
form on both thorax and abdomen. One species, 7eo-
corys (Theocorys) sp. (fig. 48) was identified in the
Fish Creek collection.

Members of the subsuperfamily Triacartilae have an
annulated shell divided by three or more strictures into
cephalis, thorax, abdomen, and postabdominal seg-
ments. Two genera of this family are identified in the
Fish Creek well material. These genera belong to the
family Stichocorythidae Haeckel, 1882, a group that
does not have radial apophyses. Dictyomitra, a genus
described by Zittel in 1878, has a conical shell but no
apical horn. The subgenus Dictyomitrissa Haeckel,
1887, has a smooth shell and joints of different lengths.
Subgenus Dictyomitra Haeckel, 1887, has a glassy sur-
face, longitudinal ribs and furrows, and joints of differ-
ent lengths. Dictyomitra identified in the Fish Creek
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material include D. (Dictyomitra) multicostata Zittel
(fig. 48), easily recognized by its narrow, elongate con-
ical shall having numerous longitudinal ribs and
furrows; D. (Dictyomitrissa) sp. F (Loeblich, 1949, pl.
3), a large conical-shelled form having a knobby sur-
face; and D. (Dictyomitrissa) sp. G (fig. 48), which
has a smaller conical shell, large pores, and a small ball
tip at the end of the cone.

Also included under the family Stichocorythidae is
the genus Lithocampe Ehrenberg, 1838, which has an
ovate or spindle-shaped shell, transverse strictures, con-
stricted mouth, and a cephalis without an apical horn.
One species was identified, and it was of rare occurrence
in the Fish Creek material. This is Lithocampe (Lith-
ocampium) sp., whose shell joints are of different
lengths.

Relative abundance.—Species counts of radiolarians
obtained from core and ditch samples prepared in 1949
for general microfossil studies indicate that approxi-
mately 53 percent of the Radiolaria belong to the fol-
lowing five species: Dictyomitra multicostata Zittel,
approximately 16 percent; Spongodiscus sp. cf. S. ren-
illaeformis Campbell and Clark, approximately 12 per-
cent; Sethocyrtis sp. A, approximately 10 percent;
Cenosphaera sp. A, approximately 8 percent; and Spon-
gostaurus sp., approximately 7 percent. The inclusion
of three other species—Sethocyrtis sp., approximately
6 percent, Archicorys sp., approximately 5 percent, and
Spongurus sp., approximately 5 percent—raises the
percentage to about 60 percent for eight species. Archi-
corys sp. is best represented in the interval between
590 and 700 feet where other species occurred only in-
frequently. Most specimens and the largest number of
species recovered, however, came from cores at 825-835
feet and 1,025-1,085 feet. In the core from 825-835
feet, specimens of Cenosphaera sp. A, Cenosphaera sp.
B, Xiphosphaera sp., Spongodiscus sp. cf. S. renillae-
formis, Spongodiscus sp. A, Spongostaurus sp., Rhopa-
lodictyum sp., Sethocyrtis sp., Spongasteriscus sp., and
Dictyomitra multicostata Zittel were common to abund-
ant. Approximately 23 percent of the fauna and
almost every species except Archicorys sp. and Ceno-
sphaera sp. A occurred in the core from 1,025-1,035
feet; in this core specimens of Spongurus sp., Setho-
cyrtis sp., Theocorys sp., Dictyomitra multicostata, and
Dictyomitra sp. “G” were common to abundant.

Preservation.—Generally the radiolarian specimens
are white to buff, and many of the Spongodiscidae have
unusually large shells of conspicuous white spongy tex-
ture. Nasselline forms are of genera lacking spines or
elongate apophyses and are compact enough that fairly
good preservation has resulted. Also usually well pre-
served are the spumelline genera without spines—that
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is, Cenosphaera, Spongurus, and Spongodiscus. Spined
genera—such as Spongolonche, Spongotripus, Spongo-
staurus, and Xiphostylus—have been subject to various
degrees of breakage in the processing of the samples,
and few specimens have been obtained with complete
spines attached.

Comparison with Californian and Canadian founas.—
A comparison of the Upper Cretaceous radiolarian
fauna from Alaska with the fauna described by Camp-
bell and Clark (1944) from Upper Cretaceous beds near
Tesla, California, east of San Francisco Bay, indicates
that the California fauna may be more than three times
as large. Furthermore, the California fauna is com-
posed of approximately 40 percent spumelline species
and 60 percent nasselline species as opposed to approxi-
mately 68 percent spumeline species and 32 percent
nasselline species in the Alaskan fauna. The spumel-
line species in the California fauna are largely the
ring-bearing Saturnalis type and the members of the
Spongodiscidae; nasseline forms include Dictyomitra
and several allied genera. The ring-bearing Satur-
nalis type of Radiolaria have not been observed in
the Alaskan material, but among the Spongodiscidae
there is similarity to the California forms, particu-
larly in Spongodiscus sp. cf. 8. renillaeformis Camp-
bell and Clark. Dictyomitra multicostata Zittel, the
most abundant species in the Alaskan material, was
reported by Campbell and Clark (1944, p. 39) as
exceeding all other Radiolaria in abundance. This
species has also been found in Upper Cretaceous
beds of northwestern Manitoba, where Rust (1892,
p. 109) reported it as one of the two most fre-
quently occurring radiolarian species in the Pierre
Formation. Most of the other species reported from
Canada appear to be unlike Alaskan species, the fauna
consisting of only 3 species (20 percent) of the
Spumellina and 18 species (80 percent) of the Nassel-
lina. Most species of the Nassellina are joint-shelled
forms belonging to the genera Dictyomitra and
Tricolocapsa.

Ecology—The Radiolaria found in the Fish Creek
well are confined largely to the upper half of the
Schrader Bluff beds, in the interval between 590 and
1,100 feet. These organisms probably flourished at the
time of deposition of the containing beds because vol-
canic material was added to the accumulating sediments.
If finely divided silicic volcanic ash remains for a period
of time in sea water, the particles are partly dissolved,
and the water may become rich in silica (Rubey, 1929, p.
168). Volcanic material in the form of glass shards
and thin layers of bentonite is present intermittently
through much of the Schrader Bluff Formation, and
the shards and bentonite indicate that sufficient ma-
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terial was present in the Late Cretaceous boreal seas of
the ‘Alaskan area to provide an ample supply of silica
for organisms. Thin layers of bentonite containing
altered glass shards occur at 825-835 feet and 1,025-
1,035 feet, where the radiolarian fauna was abundant,
and unaltered volcanic glass shards were concentrated
in the uppermost foot of the radiolarian-bearing core
at 627-635 feet. Large, fresh-looking, sharply edged
volcanic glass shards were found in abundance in the
cores from 225-235 feet and 425-435 feet (fig. 47), but
in these beds Radiolaria were not found nor did they
occur anywhere in the uppermost few hundred feet of
the well section. The large size and fresh appearance
of these glass shards suggest that the upper beds may
reflect a time of more rapid accumulation of volecanic
material near shore or on land, perhaps not too far dis-
tant from the volcanic source. In fact, the shards may
have been rapidly buried over a large area after a with-
drawal of the sea, and the withdrawal would account
for the absence of Radiolaria in the highest beds.
Despite the rather limited vertical range of the
Radiolaria in the Fish Creek well, these organisms
were seemingly the predominant life at the time of
Schrader Bluff deposition in that area, as all other in-
vertebrates seem to be rare or lacking. In certain
outcrop areas of the Schrader Bluff region, however, a
fairly representative collection of megafossils includ-
ing Scaphites, Inoceramus, Protocardia, and other
pelecypods has come from the Barrow Trail Member,
but in the Fish Creek well the only evidence of larger
invertebrates are aggregates of /noceramus shell frag-
ments and a piece of a tiny translucent pelecypod shell
(Anomia? sp.) embedded in the core from 627-635
feet, a tiny nuculid-type pelecypod at 645 feet, a crinoid
cirril segment from the core at 627-635 feet, and similar
segments in ditch samples from 900-920 feet and in the
core at 2,061-2,071 feet. Associated with the Radio-
laria, however, are a few species of Foraminifera which
include one arenaceous species and one calcareous
species, each found in relative abundance in the core
from 825-835 feet. No Foraminifera were found in
the prolific Radiolaria-bearing core from 1,025-1,035
feet, but there were numerous fish-bone fragments.
Fish bones also occurred in the core from 627-635 feet.
The ecological environment of the Fish Creek radio-
larian fauna cannot be interpreted from the presence
of the Radiolaria alone, but certain clues are provided
from a comparison of the fauna with other known
faunas. The Upper Cretaceous radiolarian fauna from
California is considered by Campbell and Clark (1944,
p. 4) to have probably lived in a cool-water environ-
ment, a cenclusion based on the presence of a number
of large radiolarian species of coarse texture, many

MESOZOIC ROCKS OF NORTHERN ALASKA

181

jointed and basally fenestrated Nassellina, and the lack
of tests with delicate apophyses. In contrast,the upper
Focene radiolarian fauna of California, which Clark
and Campbell (1942, p. 18) earlier described, is believed
to be composed of surface tropical forms deposited in
fairly deep waters. Conclusions for the latter environ-
ment are based on the presence of radiolarian species
known to live near the surface in warm waters, the
presence of diatoms and pelagic Foraminifera, and the
lack of bottom-dwelling invertebrates (Clark and
Campbell, 1942, p. 8).

The absence of bottom-dwelling invertebrates—
corals, brachiopods, bryozoans, echinoderms (except as
their presence is indicated by a few crinoid cirril seg-
ments), and gastropods—and the relative scarcity of
Foraminifera in the Fish Creek area do not necessarily
preclude a deep-water environment for the Radiolaria.
None of the Radiolaria feund in the Fish Creek well are
deep-water forms as all belong to the Spumellina and
the Nassellina, which for the most part occur near the
surface of open waters today (Campbell, 1954, p. D16).
Many of the Alaskan species are spongy-shelled forms
of relatively large size, which is also a characteristic of
free-floating surface dwellers (Campbell, 1954, p. D16).
These species could have lived in open waters and might
have been carried into shallow waters or even to the
strandline, a situation which has been inferred for some
occurrences of Radiolaria in Teritiary rocks of Trini-
dad (Campbell, 1954, p D17). Postulation of at least
a cool-water environment for Late Creatceous Radio-
laria of northern Alaska can be made from the presence
of the numerous large spongy species of the Spongo-
discidae and Sponguridae and the abundance of the
joint-shelled Dictyomitra multicostata and other mem-
bers of the Nassellina.

Geologic age—The beds in which the Fish Creek
Radiolaria occur are of middle Senonian age (pos-
sibly Santonian and early Campanian as determined
from the known stratigraphic sequence of the beds in
Fish Creek test well 1 and from the few associated
Foraminifera found in the section. Because the Alaskan
fauna occurs in clay shale beds which can be closely
defined as to stratigraphic location and geologic age,
a detailed study of the Radiolaria could provide an
important contribution to the micropaleontology of
North America.

Foraminifera

Relatively few Foraminifera were found in the
Schrader Bluff beds in the Fish Creek well, but two or
three species seemingly are restricted to rocks of
Senonian age, although there are as many that range
throughout all late Cretaceous time. Of the few
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Foraminifera associated with the Radiolaria, pyritized
and oxidized specimens indentified as 7extwlaria cf.
T. rollaensis Stelck and Wall were most numerous in
the core from 825-835 feet, and this species occurred in
a few ditch samples through the succeeding 100 feet of
section. Although 7. rollaensis was described from
western Alberta, Canada, from beds in the lower part
of the “central” Kaskapau Formation that are believed
to be of late Cenomanian age, the species appears to
occur in Alaska only in rocks that range from Turonian
through Senonian. Recently this species has been re-
ported by Wall (1960) from the Bad Heart Sandstone
(Coniacian and Santonian age and the Puskwaskau
Shale of Santonian age at Smoky River, Alberta.
Specimens of Dorothia smokyensis Wall occurred in
the core from 825-835 feet and in a few ditch samples
starting 20-40 feet above the core, and specimens of
this species occurred intermittently a few hundred feet
below the core. Most specimens are crushed or dis-
torted, but a few tests are sufficiently well preserved to
indicate that they belong to the species described by
Wall (1960, p. 23) from the Puskwaskau Shale of early
Senonian age from Smoky River, Alberta. 7rocham-
mina whittingtoni Tappan, an Alaskan species that
ranges throughout the Colville Group, also occurs in
several samples from the Schrader Bluff section in the
Fish Creek well.

A few Foraminifera were found, however, which ap-
pear to be entirely restricted to rocks of Senonian age.
These Foraminifera include abundant specimens of
Praebulimina cushmani (Sandidge) found in the core
from 825-835 feet, mostly as aggregates cemented by
nodular pyrite or by iron oxide, which has spread its
red stain over the tests. This species, which is confined
to beds of the Schrader Bluff Formation in Alaska, is
prominent in beds of Austin to Navarro age in Texas.
A specimen of -Anomalinoides pinguis (Jennings),
found in the same sample and in a core from 2,061
2,071 feet, is another species restricted in Texas to the
Taylor and Navarro Formations of Campanian to Mae-
strichtian age. Nonionella taylorensis Hofker, which
was found in a core sample from 825-835 feet, is also a
gulf coast fossil of Navarro and Taylor age, and Gawve-
linella ammonoides (Reuss), found in ditch samples
from 1,065-1,095 feet, is a species from European rocks
of Senonian age.

In the Fish Creek well, the ditch samples below 1,570
feet and most of the cores from the Schrader Bluff
beds were barren of all fossils. Foraminifera were ab-
sent in the core from 1,025-1,035 feet, where the large
radiolarian assemblage was found, but a few were found
in scattered ditch samples below 835 feet. These spe-
cies include Saccammina lathrami Tappan, Haplo-
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phragmoides rota Nauss, Vernewilinoides fischeri Tap-
pan?, and Quéinqueloculine sphaera Nauss, all ranging
throughout the Colville Group. A few poorly pre-
served specimens of H. rota Nauss? and 7rochammina
whittingtoni Tappan? and the radiolarian Cenosphaera
(Cenosphaera) sp. B were found in the core from
1,625-1,635 feet. There, too, volcanic glass shards oc-
curred. A core from 2,061-2,071 feet carried a small
fauna which includes species of Foraminifera largely of
Senonian age—Anomalinoides pinguis (Jennings),
Praebulimina cushmani (Sandidge), Vaginulina schra-
derensis Tappan, and Quinqueloculina sphaere Nauss;
these species suggest that the entire section through that
core belongs in the Schrader Bluff Formation, as €.
sphaera is the only species of the group known to occur
also in the Seabee beds (pl. 23, Umiat test well 11). If
part of the section above the last-mentioned core is
considered to be Seabee as suggested by Robinson and
Collins (1959, p. 506), Schrader Bluff beds must be
repeated by faulting, but there is no evidence for this.

TURONIAN ROCKS
SEABEE FORMATION (2,100-2,900 FT)

Beds assigned to the Seabee Formation are predomi-
nantly clay shale, but a few thin beds of limestone occur
in the upper part; the highest limestone layer (2,100 ft)
is considered in this report to be the top of the forma-
tion. The microfauna collected from these beds is
rather meager and consists of a few species of Forami-
nifera and a few Radiolaria, but only one species of
Radiolaria might be indigenous to the formation. This
species occurs as biconvex discoidal pyritic casts char-
acterized by a central depression on one side. The
species could be a member of either the Cenodiscidae or
the Phacodiscidae, but specimens are herein question-
ably referred to Zonodiscus? sp. This species is con-
sidered a criterion of the Seabee Formation and ap-
peared first in cores at 2,200-2,210 feet but was scattered
in many ditch samples. In the highest core (2,270
2,280 ft), Textularia cf. T'. rollaensis Stelck and Wall
was common, and specimens of Saccammina lathrams
Tappan were very abundant. In a core from 2,493-
2,508 feet, T'rochammina whittingtoni Tappan was
common; embedded in a piece of the same core was a
coiled specimen of a calcareous foraminifer that has a
side broken away, revealing the interior of the cham-
bers. The specimen may possibly be Hedbergella loet-
terlei (Nauss), which in Alaska was found only in the
shale of the Seabee Formation in the Simpson Seeps
area. However, the specimen is large for the species,
and the identity is uncertain.

Small broken fish bones and small fragments of Ino-
ceramus shells were embedded in the core from 2,493—
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2,503 feet, and near the edge of one piece of core was
a part of a crushed ammonite, cut across the specimen
so that only the body chamber and a very small part of
the earlier whorls remain. The shell is highly iridescent
and has numerous growth lines on the nearly smooth
surface. Although nothing is seen of the sutures, the
complete specimen must have been about the size, thick-
ness, and general appearance of Borissiakoceras ashur-
koffae Cobban and Grye, an ammonite characteristic of
the shale member of the Seabee Formation.

In a core from 2,700-2,710 feet, the washed residue
has pyrite granules, carbonaceous particles, and green
bentonitic clay particles amid abundant thin plates of
brown, green, and gray mica that range in shape from
thin tabular hexagonal crystals to extremely crinkled
irregular crystals. Scattered fish bone fragments and
flattened and distorted specimens of Gaudryina irenen-
sis Stelck and Wall and Haplophragmoides rota Nauss
were found. At first glance, the fauna resembles that
found in beds of the Ninuluk Formation, but the fauna
apparently is still part of the Seabee Formation because
in the ditch samples that followed H. rota increased and
specimens of Haplophragmoides bonanzense Stelck and
Wall, Trochammina diagonis Carsey, and Trocham-
mina albertensis Wickenden appeared for the first time.
Some Radiolaria and spheres of collophane? occurred
in this section, the latter appearing first at 2,140 feet.
The species of Foraminifera occurring together suggest
lower beds of the Seabee formation because in certain
outcrop areas these species are present as a distinctive
assemblage in the lower part of the Seabee.

Age—The early Turonian age recognized for the
Seabee Formation in general (Imlay and Reeside, 1954,
p. 242) would apply to the section in the Fish Creek
well.  Of several microfossils on which the age deter-
mination of the Seabee Formation is based, only Boris-
siukoceras was found In the section; but in the interval
of ditch samples from 2,700-2,900 feet, the beds are
assigned to the formation entirely because of a charac-
teristic foraminiferal assemblage.

MIDDLE TO UPPER ALBIAN ROCKS

The section below the beds of Turonian age is pre-
dominantly clay shale except for the uppermost 300
feet. where some siltstone and sandstone are also pres-
ent. Formations generally can be defined only on the
basis of fossils in this section of the well. The upper-
most 100 feet or more is nearly barren, whereas the beds
from 3,030 feet to about 3,800 feet have a Tuktu faunal
facies similar to the Tuktu and Grandstand beds of
Umiat. These beds rest on strata that are equivalent to
the Torok Formation. Beds older than the lower part

of the Torok Formation were not penetrated.
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VERNEUILINOIDES BOREALIS FAUNAL ZONE (2,915-4,500 FT)

A section composed largely of interbedded clay shale,
siltstone, and sandstone was cored continuously from
2,915 through 3,060 feet and seems to be part of the
Nanushuk Group. For the most part, the section was
barren except for a few specimens of 3 species of
Foraminifera within the uppermost 35 feet and a small
fauna of 11 species in the lowest 200 feet. The occur-
rence of the three species in the uppermost 35 feet of
the cored section marks the highest fossils that might be
part of the Verneuilinoides borealis zone and includes
a few poorly preserved specimens of Gaudryina cana-
densis Cushman ? in the highest core and flattened speci-
mens of 7rochammina memurrayensis Mellon and Wall
and Hyperamminoides barksdalei Tappan a few feet
lower. The succeeding 80 feet of sediments was barren,
but these and the fossiliferous beds to the depth of
about 3,800 feet are considered virtually an age equiva-
lent of the section of undifferentiated Tuktu and Grand-
stand Formations in the Umiat field.

Below the barren beds, a larger fauna which is defi-
nitely a part of the Verneuilinoides borealis zone started
with the core at 3,030-8,040 feet and continued in suc-
cessively lower cores. Of the 11 species recorded from
cores taken from 3,030-3,060 feet, 9 species are arena-
ceous, of which the most characteristic are the few
specimens of Ammobaculites wenonahae Tappan and
Verneuilinoides borealis Tappan and the numerous
specimens of Haplophragmoides topagorukensis Tap-
pan. Specimens of H. topagorukensis continued to be
common to abundant in succeeding cores, and the fauna
as a whole continued in about the same relative abun-
dance of species and individuals to nearly 4,000 feet.
Below that depth in the cores between 4,140 and 4,708
feet, fossils declined in abundance, and at lower depths
many cores were barren or Foraminifera were limited
to one or two species. In the lowest 600 feet of section,
all cores were barren.

Trochammina wmiatensis Tappan, which is a horizon
marker within the upper. part of the Verneuilinoides
borealis faunal zone in the Umiat field, is present in sev-
eral ditch samples in the Fish Creek well, beginning with
a sample at 3,200-3,210 feet, and in core samples from
3,356-3,366 feet and 3,776-3,786 feet. Together with
Ammobaculites wenonahae Tappan, Psamminopelta
bowsheri Tappan, and Ditrupa cornu Imlay—7"rocham-
mina wumiatensis 1s characteristic of beds of a Tuktu
faunal facies. Its range of approximately 600 feet in
the Fish Creek well is much greater than that noted in
the Umiat field and suggests a duplication of beds by
faulting. Woolson (Woolson and others, 1962, p. 19)
on the basis of seismic data suggested that a small nor-
mal fault of approximately 200 feet of downthrow to
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the east would intersect the well in the oil-producing
sands and come to the surface near the oil seep. The
unusual range of Trochammina wmiatensis in this well
suggests duplication of beds and substantiates the pos-
tulated fault, but the fault probably would cut the
Tuktu-equivalent beds below the oil sands in the well
and would duplicate the 7. umiatensis section.

Other Foraminifera from the Albian section of the
Fish Creek well include some of the usual species that
are more common to the Verneuilinoides borealis zone.
Most of the Foraminifera are arenaceous forms. Never
more than four or five calcareous species are found, and
only a few individuals of each species are present. In
general, the fauna is much smaller than the fauna in
equivalent beds in Simpson test well 1, but the distri-
bution of the fauna suggests that the Albian beds in the
Fish Creek well are greatly thinned as compared to
equivalent sections penetrated in Simpson test well 1 of
the coastal plain and in the Umiat field of the foothills.

In general, in the lower part of the Verneuilinoides
borealis zone, the number of foraminiferal species is
fewer, but 7'extularia topagorukensis Tappan may be
characteristic of it in certain subsurface sections and
of the upper part of the Torok Formation in outcrop
areas. Its occurrence in the Fish Creek well aids in
correlating that part of the section with Albian beds
equivalent to the upper part of the Torok Formation
in Simpson test well 1. A few specimens of 7. topa-
gorukensis were found in a core from 4,140-4,150 feet
and were common in two lower cores (4,340—4,350 ft
and 4,544—4,554 ft). This occurrence places the top of
the subzone at about 1,225 feet below the top of the V.
borealis zone, whereas in Simpson test well 1 this in-
terval is aproximately twice as large. The reduced
interval between the two wells is a further suggestion
of the thinning of the upper beds of the Albian section
eastward from Cape Simpson to the Fish Creek area
(pl. 15).

In cores below 4,500 feet, Foraminifera are very
poorly preserved, and tests are flattened and distorted.
Sutures of arenaceous forms are indistinet, which
makes identifications difficult. However, beds through
4,708 feet are certainly within the Verneuilinoides
borealis faunal zone because 11 species of the zone were
recognized in the core from 4,698-4,708 feet.

Comparison of Albian microfaunn—RBesides having
a smaller fauna, the Verneuilinoides borealis zone of the
Fish Creek well has other differences when compared
with the zone in Simpson test well 1. Hurycheilostoma
grandstandensis Tappan and . robinsonae Tappan are
conspicious species in the section in the Simpson well
but are absent in the Fish Creek well; and Gavelinella
stictata (Tappan), although a prolific foraminifer in
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the Albian beds in" Simpson test well 1, is only meagerly
represented in Fish Creek well, The calcareous Foram-
inifera in general are relatively rare in the Fish Creek
well, and in that respect the zone resembles the zone as
it was penetrated in deep tests of the Umiat field. Sim-
ilarity between the upper beds at Fish Creek and those
at Umiat field is indicated by the diagnostic marker
Trochammina wmiatensis Tappan, which indicates that
the Tuktu faunal facies of Umiat is present in the Fish
Creek well. 7. umiatensis was not found in the Simp-
son well. Present in both the Simpson well and the
Umiat field but absent in Fish Creek test well 1 is the
foraminifer Gaudryina nanushukensis Tappan. At
Umiat, this fossil ranges through a considerable part of
the section below the top of the zone, and in the Simp-
son well it occurs at numerous depths in the Torok
Formation below 1,700 feet.

ALBIAN BEDS WITHOUT FAUNAL ZONES

Only a few microfossils were found in cores between
4,708 and 6,432 feet. The species include Ditrupa cornu
Imlay and the foraminifers 7rochammina momur-
rayensis Mellon and Wall, Gavelinella stictata (Tap-
pan), and Globorotalites alaskensis Tappan. All are
Albian species and usually have been found only in the
Verneuilinoides borezlis zone. Their infrequent oc-
currence through more than 1,700 feet of section in this
well cannot be adequately explained other than by con-
sidering the containing beds to be part of the upper part
of the Torok Formation. Beds below 6,432 feet are
barren and are probably within the middle or lower
part of the Torok Formation or could be approximately
equivalent to a part of the section penetrated in Oum-
alik test well 1. Beds as old as the pebble shale of the
lower part of the Torok and Fortress Mountain section
of the Avak-Barrow area were not penetrated. Micro-
fossils found in most ditch samples from the lower part
of the well are almost entirely contamination from
higher beds, as most specimens are from upper beds of
the V. borealis zone and from the Colville Group.

SENTINEL HILL CORE TEST 1

The Sentinel Hill core test was drilled in 1947 on the
west side of the Colville River at a site 24 miles north-
east of Umiat and 12 miles due north of Gubik test well
1. A résumé of the purpose of the test, the pertinent
data obtained, and the lithologic descriptions of the
rocks penetrated in this core test have been published
(Robinson and Collins, 1959, p. 486-500). The beds
penetrated are all within the upper part of the Schrader
Bluff Formation. No fossils were found in the upper
475 feet of section, which is largely in the Kogosukruk
Tongue of the Prince Creek Formation. Concentra-
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tion of microfossils is largely in the intervals: 475 feet
through 769 feet, 819-839 feet, and 1,100-1,180 feet
(total depth). These intervals are within units of the
Sentinel Hill Member of the Schrader Bluff Formation,
but they are not differentiated on the faunal chart of
this core test. (See pl. 20.) Specimens of £oeponidella
strombodes Tappan, a species which is regarded as a
subzone of the Neobulimina canadensis faunal zone,
were found in samples from 599-839 feet.

KAOLAK TEST WELL 1

Kaolak test well 1 was located in the western part of
northern Alaska, about 130 miles southwest of Barrow.
It was drilled along a tributary of the Kaolak River, on
an east-trending anticline discovered by seismic work.
The test penetrated a section of more than 6,900 feet of
sediments that are almost devoid of fossils. At this
location, approximately 100 feet of Recent and Pleisto-
cene silt, clay shale, sand, and gravel overlie Lower
Cretaceous rocks. Fine- to medium-grained sandstone,
which is in part argillaceous and silty, some clay shale,
abundant clay ironstone, a few thin beds of coal, and
minor limestone make up the upper 1,100 feet of the
Cretaceous beds (Collins, 1958¢c, p. 354). In the section
between 1,183 and 3,270 feet, clay shale, siltstone, and
argillaceous sandstone with minor amounts of clay iron-
stone were penetrated ; but coal is prominent, and in a
core at the top of the interval 1614 feet were penetrated.
Below 3,270 feet the section was predominantly clay
shale.

Collins (1958c¢, p. 355) tentatively assigned the section
from 113 to 4,600 feet to the Chandler Formation and
the section below that to the Topagoruk Formation.
However, I consider the entire section as beds of the
Corwin and Kukpowruk Formations undifferentiated
(Bergquist, 1958e, p. 374), but possibly part of the clay
shale sequence in the lower part of the well might be
considered as the upper part of the Torok Formation.
It is doubtful that a contact could be drawn precisely.

STRATIGRAHIC PALEONTOLOGY

The highest foraminifers found in this well came
from a sample at 420430 feet; the largest number of
specimens were found in a core from 6,367-6,387 feet.
Only 100 tests and fragmentary specimens of Forami-
nifera came from the entire well section, and these rep-
resent less than a dozen species, of which one is
calcareous. (See pl. 21.)

Verneuilinoides borealis faunal zone (4,625 ft to total
depth) —None of the Foraminifera found above 4,600
feet are characteristic of any formation, but the appear-
ance of Verneuilinoides borealis Tappan at 4,625-4,635
feet indicates the presence of the T, borealis faunal zone
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of Albian age. The zone is poorly developed in the
well, however, and only in one core (6,367-6,387 feet)
is there any faunal assemblage at all. In that core were
five species, the specimens of which accounted for nearly
half of those found in the well. V. borealis itself con-
stitutes about 28 percent of the specimen count of the
entire zone in this well; Haplophragmoides topagoruk-
ensis Tappan and Miliammina awunensis Tappan each
account for about 20 percent; and “Z'ritaxia” manito-
bensis and Siphotexularia? rayi, which I consider to be
one species, make up about 12 percent of the fauna.
Seven other species account for the other 20 percent of
the fauna; one is calcareous, and only two specimens
are present.
MEADE TEST WELL 1

Meade test well 1 was drilled on a seismically located
anticline near the southern edge of the Arctic coastal
plain, about 100 miles south of Barrow, Alaska, and
about 7 miles west of the Meade River. Nonmarine
clay shale with interbedded coal, sandstone, and silt-
stone, and shallow marine standstone and clay shale of
Early Cretaceous (Albian) age were penetrated be-
neath a thin mantle of Pleistocene deposits. The Cre-
taceous section of rocks has been described by Collins
(1958¢), who subdivided it as follows: 25-1,235 feet,
Killik Tongue of the Chandler Formation; 1,235-4,200
feet, Grandstand Formation ; and 4,200-5,305 feet (total
depth), Topagoruk Formation. The rock sequence, and
the fossils, however, are more like the Corwin and Kuk-
powruk units of Albian age in the western part of
northern Alaska than like units of the Killik-Anaktu-
vuk Rivers area, 130-175 miles to the southeast. In this
report, therefore, the upper 4,200 feet of section is re-
garded as undifferentiated beds of the Corwin and Kuk-
powruk(?) Formations, and the shale sequence below
is regarded as part of the Torok Formation.

The Pleistocene deposits in this test well are only a
few feet thick, but fragments of mollusk shells and tests
of Foraminifera belonging to the Elphidiidae and Mil-
iolidae were found in ditch samples through 70 feet.
The species are forms that occur in the Gubik Forma-
tion. They are not shown on the faunal chart of this
well.  (See pl. 21.)

ALBIAN ROCKS

CORWIN AND KUKPOWRUK FORMATIONS UNDIFFERENTIATED
(25-4,200 FT)

The upper 2,000 feet of section in the Meade well is
largely nonmarine and contains an occasional charo-
phyte oogonium, but around 1,000 feet and in the inter-
val 1,400-2,000 feet, a few Foraminifera of the Vern-
euilinoides borealis faunal zone occurred in nearly every



186

ditch sample. Relatively few fossils were found in the
cores from the same interval, however, and the Fora-
minifera in the ditch samples are probably in part the
result of cavings from a very few fossiliferous sections.
These Foraminifera are associated with abundant car-
bonaceous material, which suggests that the marine
rocks are only thin beds intertongued with lagoonal de-
posits. For these reasons, I consider the upper 2,000
feet of section to be the equivalent of the lower part of
the Corwin Formation of western Alaska and the entire
section from 25 to 4,200 feet to be an undifferentiated
sequence of beds of the Corwin and Kukpowruk
Formations.

In the interval of nearly 3,000 feet of section (1,235
4,200 ft) assigned to the Grandstand Formation by Col-
lins, the logged sandstone and siltstone of any signifi-
cance constitute only about 11 percent. This percentage
would be somewhat higher if all the thin layers inter-
bedded with clay shale were considered, but it hardly
compares with the extensive sandstone of the Grand-
stand section of the type area. Furthermore, the fos-
sils found in the interval 2,000-4,200 feet are part of a
restricted fauna that contains certain species which
either are unknown in outcropping rocks of the Grand-
stand Formation or are very rarely known but which
are characteristic of the upper part of the Torok For-
mation and the Tuktu and Kukpowruk Formations.
These species include Ammobaculites wenonahae Tap-
pan, “T'ritaxia” manitobensis Wickenden, Furycheilos-
toma robinsonae Tappan, Gavelinella stictata (Tap-
pan) and Ditrupa cornu Imlay. In the Meade well,
this restricted fauna and the rock sequence from which
it came correlate better with the Kukpowruk Forma-
tion than with the Tuktu Formation, whereas a correla-
tion with the Grandstand Formation is less appropriate.
The preservation of the microfossils, especially the tests
of Verneuilinoides borealis and “T'ritaxia” manitoben-
sis is also much more like that of specimens of the Kuk-
powruk Formation than like that of specimens from
beds of the same age found in the wells east of the
Meade test well. In addition, the absence from the
Meade well section and from the Kukpowruk Forma-
tion of G'audryina nanushukensis Tappan, which is very
diagnostic of the Tuktu Formation and the upper part
of the Torok Formation, is another indication of sim-
ilarity to the Kukpowruk section in western Ataska.

UPPER PART OF TOROK FORMATION (4,200 FT TO TOTAL DEPTH)

The section penetrated from 4,200 feet to total depth
at 5,305 feet is largely clay shale, which I would assign
to the upper part of the Torok Formation. Four cores
were taken in this interval, but no fossils were found in
the bottom hole core or in a core from 4,770-4,780 feet.
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A core at 5,048-5,058 feet carried an abundance of Hap-
lophragmoides topagorukensis Tappan and a few speci-
mens of Ammobaculites wenonahae Tappan and T extu-
laria topagorukensis Tappan. Although ditch samples
carried more microfossils, they were probably derived
from beds higher in the section.

VERNEUILINOIDES BOREALIS FAUNAL ZONE (1,010-5,280? FT)

The Vernewilinoides borealis tauna is meager in the
Meade well, consisting mostly of a few arenaceous For-
aminifera that are relatively poorly preserved owing to
the collapsed, crushed, and distorted condition of the
tests. In general, the V. borealis fauna from this well
is much like that in the Kukpowruk Formation, as the
preservation is similar and the species are nearly the
same; but a comparison of the fauna with that found
in the Umiat wells or in Topagoruk test well 1 and the
Arctic coastal wells shows that the fauna is smaller and
that specimens of the same species are much more poorly
preserved.

Coarsely textured specimens of Verneuilinoides
borealis Tappan in a sample at 1,010 feet mark the top
of the V. borealis fauna in this well. Tests of this
species and a few of Haplophragmoides topagorukensis
occurred sparingly through 200 feet of section, but. be-
tween 1,380 and 1,500 feet the fauna expanded to a dozen
species. Eight more species appeared at scattered inter-
vals through the succeeding 1,400 feet of section. The
fauna is of lesser extent in the shale beds of the upper
part of the Torok Formation than it is in the undifferen-
tiated section of the Corwin and Kukpowruk Forma-
tions above.

Approximate percentages of the principal species
found in the Verneuilinoides borealis fauna are as fol-
lows: V. borealis, 39 percent; Miliammina awunensis
Tappan, 20 percent ; Haplophragmoides topagorukensis
Tappan, 12 percent; “7T'ritaxia” manitobensis Wicken-
den, 4 percent:; Psamminopelta bowsheri Tappan and
Miliommina manitobensis Wickenden, each 3.6 percent ;
Gaudryina canadensis Cushman and 7'rochammina
gatesensis Stelck and Wall, each 2.8 percent; Gaudryi-
nella irreqularis Tappan, 2.5 percent; Gavelinella
stictata (Tappan), 2.1 percent; 7'rochammina memur-
rayensis Stelck and Wall, 1.7 percent; Saccammina
lathrami Tappan, 1.6 percent ; Ammobaculites wenonah-
ae Tappan, 1.2 percent; all others, 2.8 percent. Speci-
mens of five calcareous species of Foraminifera together
total only 3.6 percent of the fauna.

In a résumé of the paleontology of the Meade test well
(Bergquist, 1958e, p. 374), specimens of 7'rochamminae
were identified as 7. rainwateri Cushman and Applin, a
form described from the Woodbine of Cenomanian age
in Texas. From my later studies, however, I think
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there are, instead, two other species of T'rochammina,
namely 7'. memurrayensis Stelck and Wall and 7. gates-
ensis Stelck and Wall; these species were described
from beds of middle Albian age in Alberta, Canada.
Specimens identified as “7ritaxia”® manitobensis
Wickenden also include numerous specimens which
could be designated as Siphotextulariat rayi Tappan.
As discussed on pages 137-.89 of this report, specimens
of “Siphotextularia? ray:” are always associated with
the compressed specimens of “7'ritaxvia” manitobensis or
are restricted to the same part of the section. Speci-
mens from the Meade well show various stages of
preservation, from the kind of test which Mrs. Loeblich
described as Siphotextularia? rayi, to those generally
referred to in this study as “7'ritaxia” manitobensis.
Mrs. Loeblich’s assignment. of the latter species to the
genus Uwvigerinamina is not recognized in this study.

OUMALIK CORE TESTS AND TEST WELLS

The Oumalik anticline is about 20 miles in length, has
a general strike of N. 70° W, and lies near the northern
boundary of the Arctic foothills province between long
155°12” W. and 156°15” W. On this structure several
core tests and two test wells were drilled during the
period 1947-51. Lithologic descriptions and a discus-
sion of the stratigraphy of these tests have been pub-
lished (Robinson, 1956) as has a preliminary report on
the paleontology of the two test wells and four of the
core tests (Bergquist, 1956b). Some of the microfossil
names previously used, however, have been changed, or
reidentifications have been made; the newer names are
given on the faunal charts of the test wells and core
tests 2, 11, and 12 (pl. 19). Significant nomenclatural
changes are as follows: Ditrupa sp., now D. cornu Im-
lay; Pelosina complanata Franke, now Saccammina
lathrami Tappan; Ammobaculites tyrrelli Nauss, now
A. wenonahae Tappan; A. humei Nauss, now A. frag-
mentarius Cushman; Gaudryina hectori Nauss, now G.
canadensis Cushman, and 7rochammina rutherfordi
Stelck and Wall, now listed as 7. memurrayensis Stelck
and Wall or 7rochammina sp.

OUMALIK TEST WELL 1

This test hole, located on the apex of the anticline near
long 156° W., was drilled to 11,872 feet. Seemingly
only Lower Cretaceous rocks were penetrated through-
out the test except for a few feet of Pleistocene sedi-
ments. These rocks are mostly of Albian age; but in
the lower part of the hole (10,880 to total depth), strata
of early Valanginian age were identified by Imlay (1961,
p- 49-50), and the hole may actually have bottomed in
rocks of Berriasian age. The section in the upper 2,800
feet of the test hole is composed of about 45 percent
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sandstone and siltstone, 50 percent clay shale, and 5
percent coal or carbonaceous material ; below 2,825 feet
to total depth, the section is predominantly clay shale.
In earlier reports the rocks in the upper part were
referred to the Grandstand Formation, but here they are
considered as Tuktu and Grandstand Formations un-
differentiated. Further, the thick clay-shale sequence,
the upper part of which has been called the Topagoruk
Formation and the lower 6,000 feet of which has been
described as the type section for the Oumalik Formation
(Robinson, Rucker, and Bergquist, 1956, p. 225), is
herein considered to be the Torok Formation because
there appears to be little justification for separating
the sequence into two lithologic units.

All the cores and most of the ditch samples from
this test were studied for microfossils; and, although the
greater part of the ditch samples carried some fossils
(many as contamination from higher beds), fossils
were found in only about 66 percent of the cores. De-
tailed tabulation of the microfauna indicates that only
the Verneuilinoides borealis microfaunal zone can be
recognized, as the rocks below 5,670 feet are sparingly
fossiliferous and give little evidence of other faunal

Zones.
MIDDLE TO UPPER ALBIAN ROCKS

Verneuilinoides borealis faunal zone (30—5,370 ft)

Microfossils of the Verneuilinoides borealis faunal
zone were found sparingly in most of the samples in
the upper few hundred feet of this well; but with in-
creasing depth, the number of species gradually in-
creases. Of 63 cores taken in the interval herein as-
signed to the V. borealis faunal zone, 28 were barren
of fossils, and 4 were not recovered. In the upper part
of the V. borealis zone, in the second core (617-628 ft),
no microfossils were found, but there were carbonized
plant remains which were identified by R. W. Brown
as FElatides sp. and Ginkgo digitata (Brongniart)
Heer; the latter is known from Lower Cretaceous beds
(R. W. Brown, written commun., 1955). Microfossils
found in the section above the core indicate an Albian
age for the section.

A larger number of microfossils were found in the
lower part of the section of Tuktu and Grandstand For-
mations undifferentiated than the highest beds yielded,
and these microfossils continued in some degree of
abundance in the upper part. of the Torok Formation.
In its entirety the Verneuilinoides borealis fauna in
this test hole is composed of 37 species of Foraminifera;
but 6 arenaceous species account for approximately 79
percent of the assemblage, and 2 species alone make up
55.7 percent. V. borealis Tappan accounts for 28.7
percent of the fauna and is most conspicuous in the
Tuktu and Grandstand beds, whereas Haplophrag-
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moides topagorukensis Tappan becomes the dominant
form in the upper part of the Torok Formation and
accounts for 27 percent of the fauna of the entire zone.
The other four species found in greatest abundance are:
Textularia topagorukensis Tappan, 6.5 percent, Bathy-
siphon vitta Nauss?, 5.9 percent, Gaudryinella irreg-
ularis Tappan, 5.6 percent, and Miliammina awunensis
Tappan, 5.5 percent. Eight other numerically impor-
tant species in the fauna are: “7'ritaxia” manitobensis
Wickenden, 2.7 percent ; Saccammina lathrami Tappan,
2.3 percent; Ammobaculites fragmentarius Cushman,
1.8 percent ; Gavelinella stictata (Tappan), 1.6 percent;
Haplophragmoides cf. H. kirki Wickenden, 1.5 percent;
Bathysiphon brosgei Tappan and Miliammina mani-
tobensis Wickenden, each 1.2 percent; and Ammobacu-
lites wenonahae Tappan, 1.1 percent. The remaining
23 species of the V. borealis fauna of this well comprise
15 arenaceous and 8 calcareous forms, but together these
23 species constitute only 6.9 percent of the entire fauna.
Calcareous species actually represent only a minor part
of the V. borealis fauna in this test; and as a group
" with @G. stictata included, they constitute only 2.7 per-
cent of the total fauna.

Compared with the Verneuilinoides borealis fauna in
other wells, the relative percentages of several charac-
teristic species are distinctly different. Only about 54
percent, of the number of species of the prolific fauna
found in Simpson test well 1 was found in Oumalik test
well 1, and the number of specimens found was only
about 30 percent of that recovered from the Simpson
well. Ratios of Haplophragmoides topagorukensis
Tappan and V. borealis Tappan are about equal in the
Oumalik well, as compared to 42 percent for H. topa-
gorukensis and 9 percent for V. borealis in the Simpson
test well. The percentage of ZTextularia topagoruken-
sis Tappan is larger in Oumalik test well 1 than in
Simpson test well 1; whereas, Ammobaculites fragmen-
tarius Cushman, A. wenonahae Tappan, and Gaveli-
nella stictata (Tappan) are minor constituents of the
fauna in the Oumalik test well but are of considerable
importance in the fauna from the Simpson well.

Many of the specimens of Verneuilinoides borealis
recovered from the Oumalik well samples are large;
and although they are compressed, the triserial arrange-
ment of the chambers is clearly defined. A few tests
that were pyritized have retained their original inflated
chambers and the cylindrical shape of the later part
of the tests.

About 35 percent of all specimens of Foraminifera
recovered from cores from the Tuktu and Grandstand
beds came from the core at 723-733 feet, where large
compressed brown specimens of Verneuilinoides
borealis and tiny flattened specimens of Gaudryinella
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irregularis Tappan were common. Specimens of G.
irregularis are elongate, narrow, and tapered or rounded
at the initial end but flattening has obscured the ar-
rangement of chambers on the initial part of some
specimens, these flattened specimens now resemble 7'ex-
tulario topagorukensis. The few pyritic specimens,
however, have chambers arranged loosely biserially or
uniserially in the later part of the test, as is typical of
the genus Gaudryinella.

In a core from 2,841-2,851 feet in the upper part of
the Torok Formation, the light-brown planispiral tests
of Haplophragmoides topagorukensis Tappan resemble
worn sand grains, as nearly all are distorted either from
lateral compression or marginal flattening. Light-gray
tests of “T'ritaxia” manitobensis Wickenden from the
same beds are compressed, and many have an ovate out-
line with the distinguishing extended neck protruding
at one end and the flattened initial chambers overlapped
at the other. Specimens of 7extularia topagorukensis
Tappan are light brown, narrow, and elongate ; they are
compressed but only slightly distorted, and only a few
specimens are entirely flattened.

Haplophragmoides topagorukensis was common In
cores at 3,222-3,232 feet and at 3,710-3,713 feet. As-
sociated species in the latter core sample were common
Textularia topagorukensis and a few complete speci-
mens and numerous segments of the uniserial part of
tests of Ammobaculites fragmentarius Cushman.
Specimens of the latter are light tan, relatively smooth,
and all are compressed. At 4,420-4,440 feet, flattened
tests of H. topagorukensis, discoidal to subovate flat-
tened tests of Hyperamminoides barksdalei Tappan,
and flattened ovate tests of Miltammina awunensis Tap-
pan were common; slender, delicate, flattened tests of
7. topagorukensis were abundant in the same core.

LOWER(?) ALBIAN ROCKS

Below the Verneuilinoides borealis faunal zone is a
sequence of more than 5,500 feet of clay shale and sandy
shale which is only sparingly fossiliferous; this sequence
apparently is also of Albian age. Of the 26 cores cut
in this part of the section, 5 were not recovered, and 13
were completely barren of microfossils. Ditch samples,
however, carried as drilling contamination numerous
microfossils of the V. borealis fauna from the upper
part of the Torok Formation and the overlying beds
of the Nanushuk Group. Because of this contamina-
tion, only the cores and six ditch samples for this part
of the section are listed on the faunal chart (pl. 19).
Specimens of Gaudryina canadensis Cushman, which
were formerly identified as Dorothia chandlerensis Tap-
pan, occurred in three ditch samples ( Bergquist, 1956b).
In two samples, the highest occurrence of Lithocampe?
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sp. and Glomospira corona Cushman and Jarvis (8,050—
8,060 ft and 8,860-8,870 ft) was tabulated, and one
sample (5,990-6,000 ft) yielded a large specimen of
Haplophragmoides, which could be H. gigas Cushman.

The above-mentioned sequence, plus beds beginning
at the depth of 4,860 feet, was described as the type sec-
tion of the Oumalik Formation (Robinson, Rucker, and
Bergquist, 1956), and this formational name was used
in subsequent reports (Robinson, 1956, and Bergquist,
1956b). In these reports the foraminifer Dorothia
chandlerensis was cited as a characteristic fossil of the
Oumalik Formation; its highest occurrence was con-
sidered to mark the top of the formation because contact
with the “Topagoruk” Formation was regarded as gra-
dational. However, the highest specimen formerly
referred to D. chandlerensis appears to be a specimen
of Gaudryina canadensis Cushman, a species which oc-
curs sparingly in the Verneuilinoides borealis beds of
this well.

In lower ditch samples (8,130-8,140 ft, 8,310-8,320 ft,
and 9,310-9,320 ft), three specimens formerly identified
as Dorothia chandlerensis are now listed under Gaud-
ryina canadensis in the chart of this well (pl. 19).
However, because the tests are compressed and exact
identification is difficult, the specimens might possibly
be the species G. tailleuri (Tappan)—formerly D.
chandlerensis and Verneuilinoides tailleuri Tappan;
on each the initial portion is relatively short, and the
biserial stage forms most of the test. Furthermore, in
about the same part of the section below 8,000 feet,
pyritic casts of stichocorythidian Radiolaria (ZLitho-
campe? sp. and Dictyomitra? sp.) were found, and these
casts lend some support to the possibility that the Gaud-
ryina taillewrs faunal zone occurs in the general inter-
val 8,130-9,320 feet. If the zone is present, however,
it isnot as extensively developed as in the Avak-Barrow
area, where a relatively large fauna was found in an
extensively cored section,

The pyritic casts of Radiolaria in the section men-
tioned above are fairly distinctive, Those identified
as Lithocampe? sp. were found in ditch samples from
8,060 feet and 10,210-10,220, feet and in cores from
10,233-10,240 feet and at 10,699-10,882 feet. These
casts are spindle shaped and have tranverse strictures
but no ornamentation. Eight pyritic casts identified as
Dictyomitra? sp. came from a core sample at 10,233
10,240 feet. The casts are short and conical, some are
compressed, and most have surfaces covered by impres-
sions of pentagonal pits alined in rows normal to the
axis or parallel to the faint transverse strictures visible
on a few specimens. Similar casts occur in the lower
part of the Torok Formation.
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Because an incorrectly identified fossil was used to
mark the top of the clay-shale sequence described as the
type section of the Oumalik Formation and because
this formation was considered to be gradational into the
“Topagoruk” Formation (Robinson, Rucker, and Berg-
quist, 1956, p. 226), there seems to be no valid basis for
separating this sequence from the overlying clay-shale
beds. Furthermore, as indicated elsewhere in this re-
port, separation of the entire thick clay-shale sequence
beneath the Nanushuk Group into two formations is of
questionable validity anywhere in the subsurface sec-
tions penetrated in northern Alaska, and it seems
preferable to assign this entire section to the Torok

Formation.
NEOCOMIAN ROCKS

In the lower 1,000 feet of the Oumalik well, the test
penetrated a sequence of clay shale interbedded with
siltstone and a very fine sandstone. Well-rounded
quartz grains and green clay pellets are common in the
shale and distinguish it from the overlying beds of the
lower part of the Torok Formation. A pre-Albian age
is indicated for at least the upper part of the sequence,
as molluscan casts from the basal part of a core at
10,922-11,007 feet were identified by R. W. Imlay as
Buchia sublaevis (Keyserling) of Early Cretaceous
(early Valanginian) age. In earlier reports on this
well, however, the section was referred to Upper Juras-
sic(?) and Lower Cretaceous(?) (Robinson, 1956, p.
10, and Bergquist, 1956b, p. 66) because the recovered
Foraminifera resemble Late Jurassic species. The most
frequently occurring of these Foraminifera is a large
species of Haplophragmoides which is scattered
through more than 750 feet of the section. The tests
are ‘dark brown, closely coiled, and subglobular and
have broadly rounded margins and numerous chambers;
they resemble tests of H. canui Cushman of the Upper
Jurassic. They also are much like tests of a form that
was found in large numbers in a rather prolific arena-
ceous foraminiferal assemblage in a suite of more than
30 samples collected from beds of the Okpikruak For-
mation along the Kemik Creek. The early Valan-
ginian age of these rocks was ascertained by R. W.
Imlay, who identified Buchia sublaevis in them.

Unfortunately, none of the other Foraminifera from
the lower beds in the Oumalik test well can be com-
pared to specimens from the outcropping Okpikruak
Formation of the Kemik Creek area. In this report,
therefore, the Foraminifera known to be indigenous to
the rocks in which they are found in the lower part of
the well are either listed only by generic name on the
faunal chart (pl. 19) or are questionably referred to
species. Thus two of them are referenced to Late Ju-
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rassic species (Gaudryina topagorukensis Tappan and
Globulina topagorukensis Tappan), as the specimens
seem to be more closely related to those forms than to
known Cretaceous species, No fossils were found, how-
ever, which give positive evidence that rocks older than
Cretaceous age were penetrated in the well, and it is
thus assumed that all the rocks below those containing
Buchia sublaevis are of Early Cretaceous age. Pos-
sibly that part of the section could be of Berriasian age,
as B. sublaevis usually occurs only in the lower few
hundred feet of rocks of Valanginian age in northern
Alaska (Imlay, 1961, p. 50).

Pyritic casts of stichocorythidian Radiolaria (ZLith-
ocampe? sp. and Dictyomitra? sp.) were found in ditch
samples from the lower beds, but these could be con-
tamination from higher beds in the well. A pyritic
cast of a radiolarian unlike any other in subsurface or
outcrop samples in northern Alaska was found in a
sample from 11,480-11,490 feet. The specimen, which
has four equidistant subtriangular arms of equal length
extending from an inflated central area, probably be-
longs to the Spongodiscidae (Spongoastericus? sp.).

EAST OUMALIK TEST WELL 1

East Oumalik test well 1, which was drilled about 12
miles S. 17° E. of Oumalik test well 1, penetrated a thin
mantle of Recent or Pleistocene sediments and nearly
6,000 feet of Lower Cretaceous rocks. From 30 to 3,050
feet, the test penetrated about 700 feet of nonmarine
clay shale and coal with thin interbeds of sandstone and
siltstone and a section of more than 2,300 feet in which
there is massive marine sandstone and clay shale. In
this report, this entire section is regarded as Tuktu,
Grandstand and Chandler Formations undifferentiated.
Beneath these formations the predominantly marine
clay shale beds pentrated to the bottom of the hole at
6,035 feet are herein collectively considered as the Torok
Formation.

Microfossils of middle to late Albian age and some
of possible early? Albian age were recovered, but only
one faunal zone was recognized. Description of cores
and cuttings from this well have been published (Rob-
inson, 1956, p. 51-60), as well as a preliminary report
on the microfossils (Bergquist, 1956b, p. 66-67).
Changes made in certain fossil determinations since
1956 include the following: Pelosina complanata
Franke, now Saccamminn lathrami Tappan; Ammo-
baculites humei Nauss, now A. fragmentarius Cush-
man ; Ammobaculites tyrrelli Nauss, now A. wenonahae
Tappan;Goudryina hectori Nauss, now @. canadensis
Cushman; Ditrupa sp., now Ditrupa cornu Imlay.
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MIDDLE TO UPPER ALBIAN ROCKS

Verneuilinoides borealis faunal zone (156—5,085? ft)

This faunal zone includes most of the section pene-
trated in the well, and microfossils found in it were
briefly discussed above. The two names, Topagoruk
and Oumalik Formations, are not used in this report
and Grandstand is used here in an expanded sense.
A complete tabulation of fossils recovered from the
well samples is shown in the faunal chart (pl. 19). In
the uppermost part of the well, the fossils in the core
at 156-166 feet and in the ditch samples beginning at
350 feet suggest interbedding of the Grandstand and
Chandler Formations and indicate Lower Cretaceous
sedimentary rocks which are not younger than late
Albian. A gradual increase in species occurs below
730 feet, and the greatest concentration of species and
specimens in the upper part of the Torok Formation
is at about 3,150-3,840 feet. The TVerneuilinoides
borealis zone, however, extends through at least 1,250
feet more of the section, but in most of the samples the
abundant specimens recovered are probably due to
drilling contamination.

A comparison of the Verneuilinoides borealis fauna
of Bast Oumalik test well 1 with that found in Oumalik
test well 1 indicates that the highest occurrence of a
species is always several hundred feet lower in the East
Oumalik well than in Oumalik test well 1. For
example, the highest occurrence of such species as
Gaudryinella irregularis Tappan, Gaudryina nanushuk-
ensis Tappan, and Gavelinella stictata (Tappan) is in
the order named, 570 feet, 799 feet, and 945 feet lower
in the East Oumalik well than in Oumalik test well 1.

As specimens of several arenaceous species are mostly
brownish gray, and as they have a granular texture,
the chambers are difficult to discern. Compressed and
distorted tests are common, particularly in forms such
as I'rochammina sp. cf. T'. gatesensis Stelck and Wall.

Tubes of Ditrupa cornu Imlay and shell fragments
and prisms of Inocerami which occur in two cores
within the interval 1,692-2,645 feet are found in ditch
samples to the depth of 4,690 feet, and they probably
are part of a subzone of the Verneuilinoides borealis
zone as noted in the Barrow-Simpson-Topagoruk areas.
The extent of the subzone in this well cannot be deter-
mined, but it may not be much more than 1,000 feet, as
the material found in ditch samples could have come
from the higher beds.

LOWER(?) ALBIAN ROCKS (5,085?-6,0802 FT OR TOTAL DEFTH)

A few microfossils from the lower part of this well
suggest correlation with part of the Gaudryina taillewri
zone of the lower part of the Torok Formation. How-
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ever, no specimens of . tailleuri were found, and the
fossils recovered are only a few pyritic casts of sticho-
corythidian Radiolaria of the type which occur in the
Iower part of the Torok Formation in Qumalik test
well 1.

A faunal count of all specimens listed on the faunal
chart, exclusive of the Radiolaria and one Foraminifera
from the lower(?) Albian rocks, gives the following
data. Of 36 species found, 15 are calcareous and 21 are
arenaceous. The calcareous species combine to make
up only 3.5 percent of the faunal count. Twelve species,
including one calcareous form, make up 94.5 percent of
the fauna, whereas 24 species together amount to only
5.5 percent. Verneuilinoides borealis Tappan is the
most abundant species and accounts for 53.4 percent of
the count; it far outranks all other species. Next in
order is Miliammina awunensis Tappan, which accounts
for 10.4 percent; and this species is followed by Hap-
lophragmoides topagorukensis Tappan, which consti-
tutes 9.3 percent. Percentages of other species of the
top 12 are as follows: Zrochammina cf. 7. gatesensis
Stelck and Wall, 4.7 percent ; Ammobaculites fragmen-
tarius Tappan, 4.2 percent; Gaudryinella irreqularis
Tappan, 4.1 percent; Zextularia topagorukensis Tap-
pan, 2.0 percent; Gaudryina canadensts Cushman, 1.9
percent; Psamminopelta bowsheri Tappan, 1.4 percent ;
“Tritaxia” manitobensis Wickenden, 1.1 percent;
Bathysiphon vitta Nauss?, 1.0 percent; and Eury-
cheilostoma robinsonae Tappan, 1.0 percent.

CORE TESTS

A résumé of the paleontology of Ikpikpuk core test 1
and Oumalik core tests 1, 2, 11, and 12 was previously
given (Bergquist, 1956b, p. 67, 68) and needs no repeti-
tion here. The occurrences of microfossils found in
samples from Oumalik core tests 2, 11, and 12 are shown
on plate 19. Only arenaceous Foraminifera of the Ver-
neuilinoides borealis faunal zone were found.- Ikpik-
puk core test 1 and Oumalik core test 1 are not shown
on plate 19 as the only fossils found are nonmarine os-
tracodes from the Gubik Formation; these ostracodes
occurred as contamination in nearly every sample.
Those from Ikpikpuk core test 1 were identified as
Condona cf. C. candida (Miller). Samples from Ou-
malik core (foundation) tests 1-10 were never received
at the Fairbanks laboratory.

Cretaceous sections penetrated in the core tests are of
middle to late Albian age although they are called
“Grandstand Formation (Lower and Upper Creta-
ceous)” in the earlier report on the Oumalik area.
Studies since that time, however, indicate that the sec-
tion is entirely within the Lower Cretaceous. Only
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arenaceous Foraminifera were recovered ; the fauna con-
sists of 6 species in core test 2, 9 species in core test 11,
and 12 species plus 1 radiolarian in core test 12. Tests
of Verneuilinoides borealis Tappan are most abundant
and frequent in the samples, and chambers of the beau-
tifully preserved specimens from the lower part of the
core test are filled with pyrite, which shows through the
finely textured arenaceous walls with a silvery-yellow
sheen.

In core test 11, most specimens of Verneuilinoides
borealis are compressed, but a few have been preserved
by pyrite like the specimens from core test 2. Tests of
Psamminopelta subcircularis Tappan occurred in only
one sample, where they were abundant. Most of the
small light-tan tests are compressed and distorted into
elongate or ovate shapes; but, because a few are pyrit-
ized, the walls have withstood crushing, and these tests
are subcircular and have rounded margins. Specimens
of Trochammina cf. 1. gatesensis Stelck and Wall ex-
hibit different degrees of preservation, the tests ranging
from nondistorted biconvex tests to badly distorted
ones. Initial chambers are dark brown on most
specimens.

Six species of Foraminifera were common to abun-
dant in core test 12. Most specimens are compressed
and show some distortion, but a few are pyritic and
have retained the original shape of the test. Of the
latter, specimens of Verneuilinoides borealis, Psammin-
opelta subcircularis and Gaudryinella irregularis Tap-
pan in samples from 76-96 feet have been replaced by
pyrite. The pyritized specimens of G. irregularis show
the biserial to uniserial stages better than specimens
from the other core tests or from Oumalik test well 1.

SQUARE LAKE TEST WELL 1

This test was drilled on a seismically defined structure
at a site about 32 miles N. 62° W. of Umiat. Upper
and Lower Cretaceous rocks were penetrated, and more
than 1,800 feet of the section is considered to be of Late
Cretaceous age. The test bottomed at 3,987 feet. Data
on stratigraphy, cores and cuttings have been published
(Collins, 1959), together with a résumé of the paleon-
tologic data (Bergquist, 1959b, p. 479-480). Attention
here is directed to the distribution of the microfossils
shown in the faunal chart (pl. 22) and to certain
changes in fossil identification.

The Cretaceous rock units penetrated in this well are
of the following ages: Tuluvak Tongue of the Prince
Creek Formation and intertongued Schrader Bluff For-
mation (25-700 ft), Senonian age; Seabee Formation
(700-1,885 ft), Turonian age; Ninuluk(?) Formation
and Killik Tongue of Chandler Formation (1,885-2,475



192

ft), Cenomanian and late Albin age; Vernewilinoides
borealis zone (2475-total depth), late Albian age, the
only faunal zone definitely recognized in this well.

SENONIAN ROCKS (25-700 FT)

A predominantly nonmarine sequence of sandstone
with some shale, a considerable amount of bentonite, and
some coal, of a combined thickness of nearly 700 feet,
was penetrated in the upper part of the test beneath a
thin mantle of alluvium. Carbonaceous prints of plants
were found in several samples, and specimens from two
cores were identified by R. W. Brown as a species of
redwood—2M etasequoia cuneata (Newberry) Chaney—
not uncommon in Upper Cretaceous sediments. From
samples of shale cored at 522-550 feet came flattened
and distorted specimens of Haplophragmoides rota
Nauss and 7'rochammnina ribstonensis Wickenden, two
fragments of questioned Gaudryina irenensis Stelck
and Wall, and broken specimens of Spiroplectammina
webberi Tappan, an association which suggests at least
one marine tongue of the Schrader Bluff Formation
within the lower part of the nonmarine beds.

TURONIAN ROCKS (700-1,820 FT)
SEABEE FORMATION (700-1,820 FT)

A sequence of more than 1,100 feet of bentonitic clay
shale with three beds of sandstone—50, 150, and 45 feet
thick, respectively—is identified as the Seabee Forma-
tion. A thin conglomerate of black chert is inferred to
be the base. Fossils occurred mostly in the middle part
of the section, and no faunal zones can be distinguished.
Much of the upper 400 feet of the clay shale was non-
fossiliferous; but a few small specimens of Saccammina
lathrami Tappan were found in core samples from 699—
728 feet, and in ditch samples from 750-820 feet, thers
were a few flattened and distorted specimens of Haplo-
phragmoides rota Nauss and T'rochammina ribstonensis
Wickenden ¢ and pyritic casts of a discoidal radiolarian,
“Zonodiscus” sp. C.

Most. of the microfossils in the formation were from
the interval between 1,180 and 1,600 feet, where Inocer-
amus prisms occurred in most samples, and 10 species
of Foraminifera and 5 species of Radiolaria were iden-
tified. Flattened and distorted tests of Haplophrag-
moides rota make up 30 percent of these fossils; and
Saccammina lathrami, Gaudryina irenensis Stelck and
Wall?, and 7'rochammina ribstonensis together account
for 45.5 percent of the count. Radiolaria constitute
only a minor part of the fauna, but tests of Cenosphaera
(Cenosphaera) sp. A were common at 1,180-1,190, and
discoidal pyritic casts of “Zonodiscus” sp. C. were com-
mon at 1,570-1,580 feet.
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Because sped¢imens identified as Gaudryina sp. are
flattened and distorted, the arrangement of chambers is
very difficult to discern, and some of these specimens
may be textularian forms. The tests were common at
1,451-1478 feet and 1,755-1,765 feet and occurred
sparingly at other depths. They could belong to a tex-
tularian form identified as ZTewxtularia cf. T'. rollaensis
Stelck and Wall listed on the faunal chart (pl. 22) as
occurring in the middle beds of the Seabee Formation.
In the same general part of the section were Praebuli-
mina seabeensis Tappan and Neobulimina albertensis
(Stelck and Wall). The last-mentioned three species
were formerly recorded as 7'extularia gravenori Stelck
and Wall, Pracbulimina carseyae (Plummer), and Veo-
bulimina canadensis Cushman and Wickenden (Berg-
quist, 1959b, p. 480).

The assemblage of microfossils in the intervals be-
tween 1,180 and 1,600 feet and 1,755-1,765 feet is charac-
teristic of the lowest part of the Seabee Formation in
some areas and offers the possibility that the lower 100
feet of the section included in the Seabee Formation in
this well in previous reports might not be part of the
formation. Other than 7rochammina ribstonensis,
which was common in a ditch sample from 1,830-1,840
feet, few fossils were found in the lowest beds of the
Seabee Formation of this well.

Recently David Jones identified a specimen of Arctica
sp. at 1,824 feet and suggested that the containing beds
were of Cenomanian age (written commun., 1963).
This would place the base of the Seabee Formation at
least 60 feet higher than recorded in earlier reports
(Collins, 1959, p. 434; Bergquist, 1959b, p. 480) and
substantiates the observations that the microfossils at
1,755-1,765 feet may be near the base of the Seabee.

CENOMANIAN(?) AND UPPER ALBIAN ROCKS

NINULUK(?) FORMATION AND KILLIK TONGUE OF CHANDLER
FORMATION UNDIFFERENTIATED (1,820-2,400 FT)

A 75-foot interval of sandstone containing a few thin
beds of shale penetrated beneath a thin black chert
pebble conglomerate has been considered the base of the
Seabee Formation in this well (Collins, 1959, p. 434;
Bergquist, 1959b, p. 480). This sandstone, which is
herein considered part of the Ninuluk Formation, is
succeeded by “10 feet of siltstone, about 200 feet of clay
shale with a few thin beds of sandstone, and approxi-
mately 500 feet of interbedded sandstone and clay shale”
(Collins, 1959, p. 426). Part or all of the lower
sequence is most likely the nonmarine Killik Tongue of
the Chandler Formation. Cores yielded few fossils ex-
cept in the upper part of the section (1,878-1,886 ft),
where there was a flood of flattened tests of Gaudryina
and 7rochammina in the lowest foot of the core.
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In an earlier report on the paleontology of the Square
Lake test well (Bergquist, 1959b, p. 480), the Forami-
nifera from the core at 1,886 feet were listed as Gaudry-
ina canadensis Cushman and 7'rochammina rutherfordi
Stelck and Wall, and their presence was cited as evi-
dence of the top of the Ninuluk Formation. The pres-
ervation of these fossils is very poor, however, and com-
parison of specimens with those of other areas indicates
that identifications cannot be absolute. In fact, some of
the specimens of (Gaudryina found in ditch samples
within the interval of beds of Early Cretaceous age in
this well appear to be the same as those from the core
at 1,886 feet. As Gaudryina found in the Ninuluk
Formation of other areas is now referred to G. irenensis
Stelck and Wall, those from the Square Lake well create
difficulty in specific assignment, but the uncertainty of
identification does not seem to merit changing the pub-
lished name for another which is equally uncertain.
Thus, the previous identification of @. canadensis has
been retained on the accompanying faunal chart. Like-
wise, the specimens of 7rochammina from this part of
the section are listed on the faunal chart as 7. ruther-
fordi as previously published, but the flattened speci-
mens cannot be distinguished with certainty from 7.
ribstonensis Wickenden of the higher beds. Further-
more, specimens might be 7'. gatesensis Stelck and Walt
of Albian age. In conclusion, in this thin zone of
Gaudrying and T'rochammina in the Square Lake well,
the fossils are not well enough preserved to place the sec-
tion positively as Cenomanian ; it could even be an inter-
tongue of marine material of Early Cretaceous age.

UPPER ALBIAN ROCKS

Between 1,896 and 2,340 feet. the cores and most of the
ditch samples yielded no fossils, perhaps because much
of this section is a part of the nonmarine Chandler
Formation of Early Cretaceous age. A sample from
2,340-2,347 feet yielded a few tests of Foraminifera that
are so distorted as to be almost nondescript ; presumably,
they are from beds of Early Cretaceous (Albian) age.
R. W. Brown (written commun., 1955) identified a
plant fossil found at 2,346 feet as Cephalotaxopsis inter-
media Hollick, and referred it to the Upper Cretaceous.

VERNEUILINOIDES BOREALIS FAUNAL ZONE (2,400 FT TO TOTAL
DEPTH)

Although the Verneuilinoides borealis faunal zone
extends through nearly 1,600 feet of section which may
represent beds of the Grandstand (and possibly the
Tuktu) and the Torok Formations, it is only meagerly
developed in this test well, and fewer species and a
much smaller number of specimens were recovered than
were found in Wolf Creek test well 3 or in test wells
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in the Umiat area. Twelve arenaceous species and 3
calcareous species of Foraminifera are identified, but
only six calcareous specimens were found. Specimens
of Verneuilinoides borealis Tappan and Haplophrag-
moides topagorukensis Tappan are about equally
numerous and together constitute 65 percent of the
faunal count. Gaudryina canadensis is next, making
up 16 percent, and Ammobaculites wenonahae Tappan
follows, constituting about 8 percent. Specimens of
the other eight arenaceous species identified are rela-
tively few.

All the arenaceous tests recovered are flattened and
distorted and have very little pyritic replacement ; not
even one well preserved specimen was found in any of
the samples from the faunal zone. So very poorly
preserved are most of the specimens, and so obscure
are features such as sutures and apertures, that iden-
tification had to be made by comparing the general
shape and outline of tests and chambers with those of
better preserved specimens.

TITALUK TEST WELL 1

Titaluk test well 1 was drilled on the Titaluk anti-
cline at a site 62 miles west of Umiat. Of the rocks
penetrated, nearly 600 feet is of Late Cretaceous (Cen-
omanian) age, and most of the underlying section of
more than 3,400 feet of nonmarine and marginal marine
beds is of Early Cretaceous (Albian) age. Microfossils
were found mostly in the upper few hundred feet of
section and in most samples below the depth of 1,850
feet ; the distribution and specimen count for all samples
are shown in the faunal chart (pl. 22). Preservation
of microfossils is relatively poor in most of the samples,
and almost all specimens are crushed except a few that
have been replaced by pyrite. Identification is there-
fore difficult, and the specimens have been subjected to
recurrent examinations and comparisons. Specimens
referred to Gaudryina canadensis Cushman in the
Ninuluk Formation in the upper part of the well
(Bergquist, 1959a, p. 417-418) are now considered to
be G. iremensis Stelck and Wall, a species described
from rocks of Cenomanian age in western Canada.
Some specimens in the lower part of the well, however,
are believed to be @. canadensis, which is an Albian
species. Another nomenclatural change concerns the
species 7rochammina rutherfordi Stelck and Wall
which was reported in both Upper Cretaceous and
Lower Cretaceous rocks; some of the specimens from
the Lower Cretaceous section perhaps are better identi-
fied as Trochammina cf. T'. gatesensis Stelck and Wall.
T. gatesensis was described from rocks of Albian age
in Canada, but it is similar to 7. rutherfordi in certain
respects. 7. rutherfordi is reported to be restricted to
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beds of Cenomanian age (Stelck and Wall, 1955, p. 57).
However, to make a clear-cut distinction among the
crushed specimens of 7'rochammina is difficult, and
until better specimens are recovered, identifications of
some of these specimens can only be approximate.

CENOMANIAN ROCKS

GAUDRYINA IRENENSIS-TROCHAMMINA RUTHERFORDI FAUNAL
ZONE (40-590 FT)

This faunal zone was previously named the Gaud-
ryina canadensis—T rochammina rutherfordi faunal zone
(Bergquist, 1959a, p. 417), but is herein renamed to
conform to determinations made in the studies referred
to above. The zone includes the section identified as
the Ninuluk Formation (surface? to 590 ft) and is
therefore the thickest faunal zone of this age recorded
for any of the test wells. The fauna consists mostly
of the two species for which the zone is named, but
some specimens identified as 7. ribstonensis rutherfordi
on the faunal chart may be 7'. wetteri Stelck and Wall.
This form has a larger umbilical area than is found
on 7. rutherfordi. In addition, there are some biconvex,
discoidal pyritic casts that are referred to as “Zono-
discus” sp. C. Most specimens of Gaudryina irenensis
Stelck and Wall are light gray to light brown and are
elongate, gently tapered, and flattened; collapsed
chambers overlap or have the edges raised in a retic-
ulated pattern on the surface of the test; a few speci-
mens are pyritic and subcylindrical.

UPPER ALBIAN ROCKS

The section between 590 and 1,850 feet is largely clay
shale with minor beds of sandstone and siltstone; it has
been assigned to the Killik Tongue of the Chandler
Formation. Presumably the age of these beds is late
Albian. Scattered /noceramus prisms occurred in some
of the samples, and specimens of Gaudryina irenensis
Stelck and Wall were found in ditch samples to a depth
of 1,280 feet. The later are almost certainly contami-
nations from higher beds, even though in a sample from
870-880 feet both . irenensis and T'rochammina rib-
stonensis Wickenden subsp. rutherford: Stelck and
Wall were found in relative abundance.

MIDDLE TO UPPER ALBIAN ROCKS

VERNEUILINOIDES BOREALIS FAUNAL ZONE (1,850 F} TO TOTAL
DEPTH)

Fossiliferous beds of sandstone, siltstone, and clay
shale compose the Verneuilinoides borealis faunal zone
from the depth of 1,850 feet to the total depth at 4,020
feet, but about the upper 300 feet of this zone are only
sparingly fossiliferous. An analogous relationship was
noted in several test wells, and this relationship may
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be an indication of intertonguing of marginal marine
sediments with those of nonmarine origin rather than
an indication of the top of the Grandstand Formation.

As some occurrences of the Foraminifera in the
Verneuilinoides borealis zone have been summarized
previously (Berquist, 1959a, p. 417-418), reference here
need only be to the relative abundance of certain species
as shown in the faunal chart (pl. 22) of this well. As
indicated above, Lower Cretaceous specimens pre-
viously identified as 7'rochammina rutherfordi Stelck
and Wall are herein referred to Z7rochammina cf.
7. gatesensis Stelck and Wall.

Fifteen arenaceous species and 5 calcareous species
constitute the entire fauna of the Verneuilinoides bore-
alis zone in this well, but 5 species are known only from
a single specimen or a fragment. Calcareous species
occurred only in the lower part of the section pene-
trated, and the six specimens found constitute only
about 1.4 percent of the entire fauna. Approximately
63 percent of the fauna consists of specimens of Ver-
newilinoides borealis Tappan, whereas the next most
abundant species, Haplophragmoides topagorukensis
Tappan, accounts for about 10 percent. The only other
noticeable species are 7'rochammina cf. T. gatesensis
Stelck and Wall, approximately 7 percent; Gaudryi-
nella irregularis Tappan, approximately 6 percent; and
Psamminopelta subcircularis Tappan approximately
5 percent. Ammobaculites, which abounds in the
V. borealis zone of the Umiat area, is a very minor con-
stituent of this well, as are other species of the general
Tuktu faunal facies.

Preservation of the tests of the Foraminifera is in-
variably poor for most samples. In the upper part of
the zone, specimens have a granulated surface texture
which obscures to a censiderable extent the outline of
the chambers. In a sample from 2,150-2,160 feet,
where Verneuilinoides borealis was particularly abun-
dant, many of the specimens are filled with pyrite, which
has preserved the normal convexity of the chambers
and the subtriangular-elongate shape of the tests. The
specimens not replaced by pyrite have a fine texture
that reveals the chambers better than does the granu-
lated texture of specimens from higher levels; all the
specimens are somewhat compressed. A few pyritized
specimens of Gaudryinella irregularis also retain fully-
expanded chambers, and presumably the original shape
of the test has been preserved.

Specimens of Verneuilinoides borealis from below
3,500 feet are preserved much the same as those in
higher beds, but the tests are small for the species.
Specimens of Haplophragmoides topagorukensis vary
in the amount of distortion they have been subjeécted to
and in texture and general preservation; those speci-
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mens from a core at 3,657-8,674 feet are very coarse
grained.

Specimens of Ditrupa cornu Imlay and Balanocrinus
sp. occurred in siltstone cores from 8,550-3,560 feet and
3,674-3,679 feet. As these fossils were found only in
this part of the section and as they are more character-
istic of the Tuktu Formation than of the Torok Forma-
tion, I believe that the lowest 900-1,000 feet of beds
penetrated are equivalent to the Tuktu Formation. Be-
cause of this correlation, I consider the entire section
below 1,850 feet as Grandstand and Tuktu Formations
undifferentiated, although Robinson (1959a, p. 351,
389) has separated the sequence into Grandstand For-
mation (1,850-3,500 ft) and Topagoruk Formation
(3,500 £t to total depth).

WOLF CREEK AREA

Three test holes were drilled in 1951 and 1952 along
a tributary of Wolf Creek, on the Wolf Creek anticline
west of Umiat. Two shallow tests (1 and 2) may have
barely penetrated the Grandstand Formation. Test
well 1 (1,500 ft, total depth) started in Upper Creta-
ceous (Cenomanian) beds of the Ninuluk Formation,
and test well 2 (1,618 ft, total depth) started in the
lower part of the Upper Cretaceous (Turonian) Seabee
Formation. Test well 3, drilled near test well 1, pene-
trated 3,760 feet of section, starting with beds in the
Ninuluk Formation, about 200 feet structurally lower
than similar beds in test well 2; this well was abandoned
in the Torok Formation.

The Ninuluk Formation and the Killik Tongue of
the Chandler Formation are the only units that are com-
mon to the three wells. The Ninuluk Formation is
about 435 feet thick in test well 1; 520 feet in test well
2; and 470 feet in test well 3. The most fossiliferous
section occurred in test well 3, and there the Gaudrying
irenensis~Trochammina rutherfordi faunal zone is
fairly well developed. Approximately 900 feet of more
or less nonfossiliferous beds between the Upper Creta-
ceous Gaudryina—Trochammina beds and the Lower
Cretaceous Verneuilinoides borealis faunal zone are
for the most part assigned to the Killik Tongue in each
well,

Approximately 2,180 feet of beds in test well 3 are
considered in this report to be the Grandstand and
Tuktu Formations undifferentiated, and about 180 feet
of the lowest part of the section is the upper part of
the Torok Formation. These beds are assigned to the
Grandstand and Topagoruk Formations by Collins,
who places the top of the Topagoruk Formation at
2,760 feet (Collins, 1959, p. 467).

The general fossil data from these wells have been
summarized (Bergquist, 1959b, p. 480-482), but certain
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changes in identification of species have been made since
the preliminary work was done. Specimens from the
thin beds of the Seabee Formation in the uppermost
part of Wolf Creek test well 2 were formerly identified
as Gaudryina irenensis Stelck and Wall but are now
referred to Textularia cf. T. rollaensis Stelck and Wall.
They are compressed and poorly preserved; some are
fragmented. In all three test walls the Ninuluk Forma-
tion is characterized by two Foraminifera, now iden-
tified as Gaudryina irenensis Stelck and Wall and
Trochammina ribstonensis rutherford: Stelck and Wall.
These were previously referred to as G. canadensis
Cushman and 7. rutherfordi Stelck and Wall. In the
V erneuilinoides borealis faunal zone of test well 3, spec-
imens formerly identified as T'rochammina rutherfordi
are now listed as 7'rochammina cf. T. gatesensis Stelck
and Wall on the faunal chart. Faunal charts for the
three test wells are shown on plate 22.

Arenaceous Foraminifera throughout the wells are
compressed and distorted, and only rare pyritized spec-
imens retain the original shape of the tests. No cal-
careous Foraminifera were found in test wells 1 and
2. In test well 3, pyritized specimens of Gaudryina
canadensis Cushman were found in a core sample from
1,525-1,528 feet, and similar specimens of G. canadensis,
Gaudryinella irregularis Tappan, and Miliammina
awunensis Tappan were found in a ditch sample from
1,955-1,965 feet. In addition, an occasional pyritized
specimen of Verneuilinoides borealis Tappan or Hap-
lophragmoides topagorukensis Tappan was found, and
some very large specimens of these two species oc-
curred in samples below 2,500 feet.

Test wells 1 and 2 penetrated only the uppermost,
or declining, phase of the Verneuilinoides borealis
faunal zone, but in test well 3 approximately 2,700
feet of section is within the zone. From that well, a
total of 29 species of Foraminifera were identified from
the zone; 11 species are calcareous, but altogether they
make up only about 1 percent of the faunal count.
Verneuilinoides borealis Tappan and Heaplophrag-
moides topagorukensis Tappan are the most prolific
species in the zone and together constitute approxi-
mately 58 percent of the fauna. Three other relatively
abundant arenaceous species are: Gaudryina canadensis
Cushman, Gaudryinella irreqularis Tappan, and 7'ro-
chammina cf. T. gatesensis Stelck and Wall, which
together account for about 23 percent of the fauna.
Thirteen other arenaceous species were identified, and
collectively they make up less than 20 percent of the
faunal count.

WOLF CREEK TEST WELL 1

Wolf Creek test well 1 was located about 1,500 feet
south of the axis of the Wolf Creek anticline at lat
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69°23’11” N., long 153°31’15” W. (Collins, 1959, p.
448-449). It penetrated 1,500 feet of rocks of Ceno-
manian and Albian age.

CENOMANIAN ROCKS
Gaudryina irenensis—Trochammina rutherfordi faunal zone
(10-455 ft)

Rocks assigned to the Ninuluk Formation in this test
are composed of nearly equal parts of clay shale and
interbedded sandstone and siltstone, and a minor
amount of coal. A small microfauna is composed mostly
of specimens of 7'rochammina ribstonensis subsp.
rutherfordi Stelck and Wall and fewer specimens of
Guadryina irenensis Stelck and Wall. These species
were previously recorded as Trochammina rutherfords:
Stelck and Wall and Gaudryina canadensis Cushman
(Bergquist, 1959b, p. 480). Tests of both species were
found in less than half the samples in this well, and
most specimens are flattened and rather poorly pre-
served. However, the fossils appear to be part of the
Guadryina irenensis—Trochammina rutherford: faunal
zone of Cenomanian age.

UPPER(?) ALBIAN ROCKS

Killik Tongue of the Chandler Formation and intertongues
of Grandstand Formation (455 ft to total depth)

Most of the section below the Ninuluk Formation
is nonfossiliferous and nonmarine and represents the
Killik Tongue of the Chandler Formation. One or
more marine tongues of the Grandstand Formation
are interbedded within the section, however, and in all
probability the lowest samples represent one of these
tongues. The marine tongues are indicated by a few
Foraminifera of the Vernewilinoides borealis faunal
zone in certain samples (in the core at 1,080-1,084 ft
and other cores) and by /noceramus prisms in a core
from 865-870 feet. Glauconite in clay shale at 815-840
feet and in a siltstone core at 1,273-1,278 feet also
suggests marine conditions.

Below the Ninuluk Formation this section includes
about 75-80 percent clay shale; sandstone and siltstone
constitute less than 20 percent. Coal is common in the
clay shale, and there is some bentonite in beds between
1,293 and 1,492 feet.

Verneuilinoides borealis faunal zone

The Verneuilinoides borealis faunal zone of Albian
age, although meagerly represented in.the well, was
penetrated at 1,080 feet and may occur even higher.
Several flattened but fairly distinctive specimens and
fragments of Verneuilinoides borealis Tappan were
found in a core sample from 1,080-1,084 feet, and a few
rather poor specimens of the same species came from
ditch samples lower in the section (1,205-1,215 ft, 1,293
1,300 ft, and 1,350~1,360 ft). Inflated tests and flat-
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tened specimens of V. borealis were common in the two
lowest microfossil samples (1,435-1,445 ft and 1,485-
1,490 ft), where they were associated with poorly pre-
served specimens of Gaudryina canadensis Cushman,
flattened specimens of 7rochammina gatesensis Stelck
and Wall, and a few tests of Miliammina awunensis
Tappan. Tests of some of the Miliammina are pyri-
tized and fairly well preserved.

The presence of these fossils in the nonmarine sedi-
ments indicates minor intertonguing of the upper part
of the Verneuwilinoides borealis faunal zone (Grand-
stand Formation) with the Chandler Formation. As
interpreted by Collins (1959, p. 451), the fossiliferous
samples from the bottom of the test hole may mark the
upper part of the Grandstand Formation or may be
from another marginal marine tongue in the Chandler
Formation.

WOLF CREEK TEST WELL 2

Located on the north flank of the Wolf Creek anti-
cline about 114 miles north of test well 1, this test is
213 feet lower structurally and penetrated beds of the
Seabee Formation. About 25 feet of sand and gravel
mantle the site of the test hole.

TURONIAN ROCKS
Seabee Formation (25-130 1t)

The drill penetrated 60 feet of clay shale and 5 feet of
bentonite in the upper part of the formation, and 40
feet of siltstone in the lower part. In the first recovered
sample (25-35 ft) and in four other samples below it
were compressed and distorted tests of light-colored
arenaceous Foraminifera. The fauna is small and in-
cludes only Saccammina lathrami Tappan, Haplophrag-
moides rota Nauss, and tests of an unidentified
Gaudrying. Small flattened specimens of Haplophrag-
moides rota were common in a sample from 3545 feet,
and specimens of Saccammine lathrami were common at
65-75 feet. Other occurrences were rare. Most of the
Foraminifera came from the clay-shale beds, but /noc-
eramus prisms were abundant in the siltstone in the
lowest sample (120-130 ft). The Foraminifera are
long-ranging species found throughout the Colville
Group, but the general assemblage is more commonly
found in outerop samples from the lower part of the
Seabee Formation than from any other part of the Col-
ville Group. No faunal zones could be distinguished.

CENOMANIAN ROCKS
Gaudryina irenensis—Trochammina rutherfordi faunal zone
(130655 ft)
Clay shale with minor amounts of bentonite, lime-
stone, and coal (including a 10-foot bed at 310-320
feet) account for about 67 percent of the section as-
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signed to the Ninuluk Formation in this test hole. The
rest of the section is sandstone and siltstone. The very
few fossils in this part of the section are species that
are indigenous to the Ninuluk Formation. Of these
species, flattened tests of 7rochammina ribstonensis
subsp. rutherfordi Stelck and Wall were common in a
sample from 130-140 feet, at the assigned top of the
formation, and similarly preserved specimens were
abundant in a sample from 605-615 feet. Besides
these fossils, there were in the last-mentioned sample a
few poorly preserved specimens that are probably
Gaudryina irenensis Stelck and Wall; a specimen of
Saccammina lathrami Tappan occurred in each of two
other samples. Two specimens of “Zonodiscus” sp. C
were found in a sample from 160-170 feet; Inoceramus
prisms were found at several depths. Fragments of
fish bones, mollusk shells, and pyritized sponge spicules
complete the fauna. Although poorly represented, the
few fossils found are part of the Gaudryina irenensis—
Trochammina rutherfordi faunal zone of the Ninuluk
Formation.
UPPER(?) ALBIAN ROCKS

Killik Tongue of Chandler Formation and Grandstand
Formation (655 ft to total depth)

The section below the Ninuluk Formation is predom-
inantly clay shale but includes minor beds of sandstone,
siltstone, and coal. In the lowest part, which Collins
(1959, p. 456) assigned to the Grandstand Formation,
about 56 percent of the rock is clay shale. Most of this
sequence is unfossiliferous. No fossils were found in the
upper 675 feet, but a sample from 1,330-1,335 feet con-
tained four large specimens of Vernewilinoides borealis
Tappan. Two of these specimens have fairly well-
inflated tests. A sample from 1,470-1,475 feet carried
two broken specimens of Gaudryina canadensis Cush-
man? and a specimen of Miliammina awunensis Tap-
pan. Tests of V. borealis and of G. canadensis were
common in a sample from 1,545-1,550 feet. Below 1,570
feet the samples were barren. Most of the tests of the
above-mentioned Foraminifera are compressed, but
two specimens of @. canadensis from 1,545-1,550 feet
are partly pyritized and inflated.

The Foraminifera suggest minor intertongues of the
Verneuilinoides borealis zone of the Grandstand For-
mation with the Chandler Formation. Included in
this intertonguing are the lowest beds, which Collins
assigned to the Grandstand Formation.

The fossiliferous samples are considered to be a part
of the Verneuilinoides borealis faunal zone, which has
its top at 1,330 feet. The zone is poorly represented by
these few species, but that is characteristic of the part
of the zone that interfingers with the Chandler
Formation.

775-799 O - 66 - 11
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WOLF CREEK TEST WELL 3

Wolf Creek test well 3, located 485 feet west of test
well 1, is 30 feet lower structurally; it penetrated a
much greater section of beds of Albian age as it was
drilled to a depth of 3,760 feet. No cores were taken
above 1,475 feet.

CENOMANIAN ROCKS

Gaudryina irenensis—-Trochammina rutherfordi faunal zone
of the Ninuluk Formation (30-500 ft)

About 58 percent of the rocks logged in the upper
part of this test well comprises sandstone and siltstone;
this percentage is somewhat higher than the relative
percentage logged in test well 1. Clay shale accounts
for most of the rest of the Ninuluk Formation in this
well; bentonite and coal are very minor constituents.

The highest sample recovered was barren sandstone,
but most of the samples below that to the base of the
Ninuluk Formation carried specimens of 7'rochammina
ribstonensis rutherfordi Stelck and Wall and Goudry-
ina irenensis Stelck and Wall. Flattened and rather
poorly preserved specimens of 7. ribstonensis ruther-
fordi were common to abundant in half of the samples
down through 340-350 feet. The species is so numerous
that it is by far the best representative of the Gaudryina
irenensis—T rochammina rutherfordi faunal zone in the
Wolf Creek area, and it seemingly affixes the faunal
zone with certainty. Flattened specimens of G. irenen-
sis were found in several samples, but only one specimen
was found in more than 50 percent of the samples.
I'noceramus prisms occurred in every sample from 130-
510 feet and suggest the presence of /noceramus shells,
which characterize the Ninuluk Formation.

Pyritic casts of a few tests of Radiolaria in the Ninu-
luk beds are not listed on the faunal chart of this well.
Dictyomitra? sp. fragment occurred at 200210 feet,
and “Zonodiscus” sp. C at 240-250 feet, 260270 feet,
and 480490 feet. Some specimens of the latter were
also found in ditch samples from the interval below
the Ninuluk Formation in the Killik Tongue of the
Chandler Formation.

ALBIAN ROCKS

Killik Tongue of Chandler Formation and Grandstand
Formation (500-1,400 ft)

A large part of the interval from 500 feet to the be-
-ginning of a continuously cored section at 1,475 feet was
barren. This interval is predominantly nonmarine clay
shale with a lesser amount of sandstone and siltstone.
In this report the section 500-1,060 feet is considered as
part of the Killik Tongue of the Chandler Formation,
and the section 1,060-1,400 feet as Chandler and Grand-
stand Formations interbedded.
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A few tests of Foraminifera and pyritic casts of
Radiolaria (“Zonodiscus” sp. C) scattered through a
few ditch samples in the upper part of the section are
contamination from the overlying beds of the Ninuluk
Formation. A few Foraminifera of the Vernewili-
noides borealis faunal zone were found in the interval
1,220-1,290 feet; and in a sample from 1,300-1,310 feet,
tests of Verneuilinoides borealis Tappan and Gaudryina
canadensis Cushman were common. Some of the tests
of V. borealis are well preserved. The Foraminifera,
though few, are indicative of marginal marine beds and
of intertonguing of the upper part of the V. borealis
faunal zone (and of the Grandstand Formation) with
the nonmarine and nonfossiliferous beds of the Killik
Tongue of the Chandler Formation.

Verneuilinoides borealis faunal zone (1,220 ft to total depth)

Rocks within the interval of this faunal zone include
the intertongued lower part of the Chandler Formation
and Grandstand Formation and the Grandstand and
Tuktu Formations undifferentiated of this report.
Possibly the lowest 180 feet of section, which is clay
shale and claystone, may be in the upper part of the
Torok Formation. Nearly 40 percent of the sequence
below 1,400 feet is sandstone and siltstone, and about
60 percent is clay shale. The clay shale furnished most
of the fossiliferous samples; the sandstone and siltstone
beds yielded few fossils other than some mollusk shell
fragments, and in the lower part a few tubes of the
worm Ditrupa corny Imlay. .

The Verneuilinoides borealis faunal zone becomes
very conspicuous 75 feet below the top of the Grand-
stand Formation as defined by Collins (1959, p. 459),
where there is a marked increase in specimens. This
increase in specimens continues throughout the cored
section from 1,475-1,583 feet. Tests of Verneuilinoides
borealis Tappan, Miliammina awunensis Tappan, and
Gaudryina canadensis Cushman were common to abun-
dant in several of the samples from the cored interval,
and specimens of 7rochammina cf. T. gatesensis Stelck
and Wall were common in one sample. Scattered speci-
mens of a few other arenaceous species were associated
with the above species in a few of the samples.

An assemblage similar to that cited above occurred
in a few lower cores and in ditch samples. In a core
from 1,655-1,670 feet, eight arenaceous species and five
calcareous species of Foraminifera were found; speci-
mens of Psamminopelta subcircularis Tappan were
abundant, and specimens of 7rochammina cf. T. gate-
sensis, Verneuilinoides borealis, Miliammina awunensis,
and Gaudryinella irregularis Tappan were common.

Below 1,670 feet the number of species was reduced,
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but a few occurred in relative abundance in some of
the samples. Haplophragmoides topagorukensis Tap-
pan was found only rarely in the upper part of the zone
but increased in numbers below 1,700 feet, and was com-
mon in several samples, including the bottom-hole core.
For the most part, the fauna is relatively small in the
lowest 1,000 feet of section penetrated, possibly because
most of the cores are largely sandstone and siltstone.

Calcareous species of Foraminifera of the Verneuwili-
noides borealis zone in this well are relatively few as
only 32 specimens were found in all the samples ex-
amined. These 32 specimens represent eight species,
and five of these species were from one core (1,655-1,670
feet). A total of 29 species of Foraminifera were
found in the zone. Of these, two species, Verneuili-
noides borealis Tappan and Haplophragmoides topa-
gorukensis Tappan, are about equal in number and
together constitute about 58 percent of the entire fauna.
Three other relatively abundant species are Gaudryina
canadensis Cushman, about 10 percent; Gaudryinella
irregularis Tappan, about 8 percent ; and 7'rochammina
cf. 7. gatesensis Stelck and Wall, about 5 percent.
Thirteen other arenaceous species collectively account
for a little less than 20 percent of the fauna.

Tests of the arenaceous species found throughout the
Verneuilinoides borealis faunal zone in this well are
generally brown, but a few are gray; most are com-
pressed, and many are distorted. Some are coarsely
granular and the sutures are somewhat obscured;
most of these coarsely granular tests were found in the
lower part of the test well. A small percentage of the
specimens are pyritized, which has preserved the origi-
nal shape of the test. Some of the best preserved are
specimens of Gaudryina canadensis from a core at
1,515-1,525 feet.

KNIFEBLADE TEST WELLS, 1, 2, AND 2A

Three shallow test wells were drilled on the Knife-
blade anticline, about 68 miles S. 80° W. of Umiat.
Only Lower Cretaceous rocks were penetrated. These
rocks have been differentiated into the Killik Tongue of
the Chandler Formation and the Grandstand Forma-
tion (Robinson, 1959a, p. 397); but in this report the
upper 800 or 900 feet of section in test well 1 and the
upper 400 feet of section in test well 2A are regarded as
an intertongue of the Grandstand Formation and the
Killik Tongue, and the lower beds are considered -as
Tuktu and Grandstand Formations undifferentiated.
Microfossils from these wells have been summarized
(Bergquist, 1959a, p. 418-419). The distribution and
specimen counts are shown on the faunal charts (pl. 22).
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VERNEUILINOIDES BOREALIS FAUNAL ZONE

Presumably each well is entirely within the Verneu-
ilinoides borealis faunal zone. No Radiolaria were
found, and the fauna is limited to a few species of Fo-
raminifera, most of which are arenaceous forms. Tests
of the arenaceous species are for the most part crushed
and, as a result, are sometimes distorted ; most are dark
colored. In scattered samples, a few pyritized speci-
mens of Verneuilinoides borealis Tappan have preserved
the original shape of the tests, and in two or three
samples exceptionally large specimens of V. borealis
were found.

Twelve species of Foraminifera were found in test
well 1, and of these, 3 arenaceous species make up about
83 percent of the fauna. The three species are Verneu-
ilinoides borealis Tappan, more than 54 percent ; H aplo-
phragmoides topagorukensis Tappan, nearly 15 percent;
and Miliammina awunensis Tappan, more than 12 per-
cent. Three calcareous species make up only about 3
percent of the fauna.

Sixteen species of Foraminifera were found in test
well 2A.  Seven of these are calcareous, but they make
up only about 6 percent inasmuch as the fauna. is domi-
nated by Verneuilinoides borealis (nearly 45 percent)
and Haplophragmoides topagorukensis (over 16 per-
cent). Miliammina awunensis and T'rochammina cf.
7. gatesensis Stelck and Wall each make up about 9
percent of the specimens recorded. Fragmented speci-
mens of Ammobaculites wenonahae Tappan are about 4
percent of the fauna; this species is much less abundant
than it is in the Umiat field. Its presence, however,
along with tubes of Ditrupa cornu Imlay and ossicles of
Balanocrinus sp., suggests the Tuktu faunal facies, as
this foraminifer and the two megafossils mentioned
either did not occur in outcrop samples of the Grand-
stand Formation or were found very sparingly.

Specimens of 7'rochammina found in test wells 1 and
2A were cited as 7. rutherfordi Stelck and Wall in the
preliminary summary (Bergquist, 1959a, p. 418) but are
now listed as 7'rochammina cf. T'. gatesensis Stelck and
Wall (pl. 22).

GRANDSTAND TEST WELL 1

Grandstand test well 1 was drilled on the Grandstand
anticline, at a site on the west side of the Chandler River
about. 30 miles south of Umiat. Beneath about 90 feet
of Recent or Pleistocene (?) sand and gravel, rocks of
Early Cretaceous (Albian) age were penetrated to the
total depth (3,939 ft). Clay shale is the predominant
rock found in this well, but above 1,100 feet about a third
of the section is sandstone. Some carbonaceous plant
remains and a few microfossils occur in the upper beds,
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but most of the microfossils were found in samples
below 1,200 feet.

Detailed lithologic descriptions of the rocks and
samples from this well have been published (Robinson,
1958a) as has a brief discussion of the paleontology
(Bergquist, 1958d, p. 337-338). A complete tabulation
of the microfossils identified from this test well is given
on the accompanying faunal chart (pl. 22).

MIDDLE TO UPPER ALBIAN ROCKS

VERNEUILINOIDES BOREALIS FAUNAL ZONE (227 FT TO TOTAL
DEPTH)

Almost the entire well is within the Verneuilinoides
borealis faunal zone; the extent of the zone and the gen-
eral range of formations involved are indicated in the
faunal chart. Rocks from about 125 to 1,770 feet are
referred to the Grandstand Formation ; minor interbeds
of the Killik Tongue of the Chandler Formation occur
in the upper part. Rocks from about 1,770 to 2,712 feet
are considered to be the Tuktu Formation; below that
the rocks are part of the Torok Formation.

Fossils were found in only about 29 percent of
the samples from the Grandstand Formation. In
general, only a few fossils occurred in each sample,
but in one sample (core at 619-629 ft) Foraminifera
were numerous, and six species were common to abund-
ant. Fourteen species of Foraminifera were found
within the Grandstand, but about 58 percent of the
fauna is composed of : Verneuilinoides borealis Tappan,
28 percent ; Haplophragmoides topagorukensis Tappan,
18 percent; and Gaudryina canadensis Cushman, over
16 percent.

Although 26 species constitute the Verneuilinoides
borealis fauna in its entirety in this well, 5 species make
up 98.5 percent of the faunal count. These five species
are as follows: Haplophragmoides topagorukensis Tap-
pan, 40 percent; V. borealis Tappan, 26 percent; Am-
mobaculites wenonahae Tappan, 17 percent ; Gaudryina
nanushukensis Tappan, 5.7 percent; and I'rochammina
gatesensis Stelck and Wall?, 4.7 percent. Only 10 cal-
careous species were found, and together these constitute
2 percent of the faunal count.

The preservation of Foraminifera in this well varies.
Many of the specimens are flattened and distorted, but
pyritized specimens retain the normal test shape. In
the Grandstand Formation, pyritic specimens of Mili-
ammina awunensis Tappan were found in the first fos-
siliferous sample (227-235 ft), and nicely preserved
pyritized tests of Siphotextularia? rayi Tappan, Ver-
newilinoides borealis Tappan, Miliammina awunensis
Tappan, and Gaudryina canadensis Cushman were
found in the very fossiliferous core from 619-629 feet.
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In the latter sample the pyritic tests of G. canadensis
are particularly good and show the cylindrical shape,
inflated chambers, and distinct sutures, features that
are generally obscured on the flattened nonpyritized
tests.

The small fauna from the samples of the Grandstand
Formation is virtually the same as the restricted fauna
of the Verneuilinoides borealis zone found in the out-
crop samples (pl. 13) of the Grandstand Formation
and its interbeds with the Killik Tongue. Comparison
of the fauna of the Grandstand Formation in Grand-
stand test well 1 with the large fauna of the V. borealis
zone found in the Tuktu and Torok Formations indi-
cates that several species from the Grandstand Forma-
tion that are diagnostic of the Tuktu Formation and
the upper part of the Torok Formation are conspicu-
ously absent. A further comparison of the fossils from
the Grandstand Formation of this well with the fauna
from other subsurface sections which have been referred
to the Grandstand Formation by other authors suggests
that not much of the Grandstand Formation is repre-
sented in the subsurface of northern Alaska. For ex-
ample, in the Umiat field, most of the section referred
to the Grandstand Formation by Collins (1958a) carries
a much larger fauna than do the outcrop areas and the
Grandstand Formation of Grandstand test well 1.
Likewise, the Umiat section has numerous Foramini-
fera which are indicative of a Tuktu faunal facies—
that is, Foraminifera that do not range into the Grand-
stand Formation. There is, for example, 7rocham-
ming umiatensis Tappan, which is a very diagnostie
fossil in the Umiat field; it can be traced from well
to well but does not occur in the Grandstand well.
Ammeobaculites wenonahae Tappan is common in the
same section of the Umiat field, but occurs only in the
shale beds underlying the Grandstand Formation in
the Grandstand well. Ammobaculites fragmentarius
Cushman, which appeared about 90-100 feet below the
top of the section designated as Grandstand Formation
by Collins in the Umiat field, was not identified any-
where in the Grandstand well, but it is possible that
some of the broken specimens of Ammobaculites might
be A. fragmentarius instead of A. wenonahae, the
species to which they have been referred. Specimens
of Ditrupa cornu Imlay commonly occurred within
100 feet of the top of the Grandstand Formation of
Collins in the Umiat wells, but in the Grandstand well
they appeared first in the lower part of the Grandstand
Formation and were found in cores down to at least
1,949 feet.

The above-mentioned faunal differences between the
Grandstand Formation of outerop and that of the
Grandstand test well and the sections referred to the
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Grandstand Formation in the subsurface of most other
wells in northern Alaska are cited here as some of the
reasons why the youngest Lower Cretaceous beds in
most of the wells have a Tuktu faunal facies and seem
to be in part equivalent to the Tuktu Formation.

The largest concentration of Foraminifera of the
entire well occurred within the interval 1,200-2,000
feet in beds referred to the Tuktu Formation. In con-
trast to this concentration, the cores below 2,000 feet
were barren or contained few Foraminifera other than
two common occurrences of 7'rochammina gatesensis
Stelck and Wall?. In the ditch samples in the same
interval were numerous Foraminifera—especially #ap-
lophragmoides topagorukensis Tappan—which were
probably introduced as drilling contamination. Of the
few species of the Verneuilinoides borealis zone found
in the shale section of this well, H. fopagorukensis and
V. borealis Tappan were the most prevalent, and they
were common or abundant in many samples. Speci-
mens of these two species are relatively small in the
upper part of the section, and the tests of H. fopa-
gorukensis look much like tiny grains of brown sand;
tests of V. borealis, however, are fairly well preserved
and are subtriangular in cross section. Below 1,757
feet, the specimens are larger and specimens with
fairly well developed physical characteristics were
found in the cores from 1,835-1,855 feet and 1,923-
1,980 feet. Preservation of fossils is poor in samples
from 1,930-1,957 feet, but fairly good specimens were
found in the core at 1,957-1,971 feet.

Specimens of Gaudryina nanushukensis Tappan
were found through 1,800 feet of beds beginning in a
ditch sample at 1,570-1,580 feet, where two small speci-
mens occurred. Specimens vary as to size and preser-
vation, but the black manganese oxide particles that
mottle the surface of the tests distinguish the species
even if the shape is distorted.

Calcareous species of Foraminifera occurred rarely
throughout the shale section and they make up only a
very minor component of the Verneuilinoides borealis
fauna in this well. Most frequently present were
Lenticulina macrodisca (Reuss), Kurycheilostoma
grandstandensis Tappan, and Conorboides umiatensis
(Tappan); the most numerous was Globorotalites
alaskensis Tappan. Seven specimens of G. alaskensis
were found in a core at 1,751-1,757 feet, and five spec-
imens were found in a core at 1,957-1,971 feet.

In the lowest part of the well, the few Foraminifera
found in the cores 3,730-3,740 feet and 3,902-3,939 feet
are so poorly preserved that specific identifications are
questionable, and most species of the . borealis faunal
zone were sparse or absent.
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In addition to Foraminifera, a few incomplete shells
of pelecypods and an ammonite were found scattered
through several of the cores of the section from 1,275
feet through 2,420 feet. These have been tentatively
identified by Imlay (1961, p. 87) as follows: Arctica sp.
(1,275 ft), Modiolus? sp. (1,276 ft), Panope sp.
(1,288 ft), Psilomya? sp. (1,279 and 1,606 ft), Entol-
wum, sp. (1417 ft), Cleoniceras? sp. (1,600 ft), Thracia
of. 7. kissoumi McLearn (1,606 and 2,017 ft), Inocera-
mus sp. (1,607 and 2,210 ft), Solecurtus? chapmani
Imlay (1,926 ft), Yoldia kissoumi McLearn (2,413 ft),
and Thracia sp. (2,420 ft). Some of these are indica-
tive of middle to late Albian age.

THE UMIAT OIL FIELD

The Umiat field is on an east-trending anticline,
about 10 miles long and 3 miles wide, north and west of
the Colville River. Rocks of Late Cretaceous age crop
out along the flanks of the structure, but near the apex
along Bearpaw Creek, there are a few exposures of
rocks of Early Cretaceous (Albian) age. The struc-
ture, which has more than 800 feet of closure, was tested
by 11 wells; most of these were shallow tests, but the
first two were drilled to more than 6,000 feet, and they
penetrated a thick shale sequence of the Torok
Formation.

Micropaleontologic studies on the first three wells
were made prior to 1950, but some samples were sub-
sequently rewashed and studied later during the drill-
ing of test wells 4-11. A sample of each core was
prepared for microfossil inspection unless a core was
composed entirely of sandstone; generally every al-
ternate 10-foot interval of ditch samples was examined.

The relative count of fossils is shown for each Umiat
well on plate 23. The lower parts of test wells 1 and 2
indicate considerable contamination from higher levels,
possibly due to caving beds of the Nanushuk Group
while the wells were being drilled or to the circulating
drilling mud. For this reason, many of the samples
that were obviously contaminated have not been in-
cluded in the charts but the few that have been plotted
are designated as contaminated.

The youngest Upper Cretaceous rocks were found in
test well 11, on the north flank of the structure, where
more than 500 feet of nonmarine and shallow marine
sediments of probable Senonian age were penetrated.
In six of the test wells (1, 6, 7, 8, 10, and 11), Upper
Cretaceous rocks of Turonian age were found. All the
wells penetrated formations of Early Cretaceous (Al-
bian) age. In test wells 1 and 2, the Lower Cretaceous
beds of Albian age were from 5,000 to 6,000 feet thick.
and the wells were abandoned in these rocks.
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A comprehensive report has been published (Collins,
1958a) on data from the test wells and on the rocks
penetrated; included in it are micropaleontologic
studies (Bergquist, 1958a) of individual wells. The
micropaleontology of the field is herein reviewed on a
regional basis, and a few species names are revised.

UPPER CRETACEOUS ROCKS

TULUVAK TONGUE OF THE PRINCE CREEK FORMATION AND
LOWER PART OF SCHRADER BLUFF FORMATION (SENONIAN)

The youngest sedimentary rocks logged in the Umiat
wells are predominantly nonmarine beds penetrated
only in Umiat test well 11 (pl. 16), located on the north-
eastern part of the Umiat structure. The well cut ap-
proximately 547 feet of nonmarine sandstone and silt-
stone beds of the Tuluvak Tongue of the Prince Creek
Formation interfingered with a few thin beds of fossilif-
erous shallow-water marine shale of the lower part of
the Schrader Bluff Formation: One ditch sample
(420430 ft) from the latter formation carried a few
crushed and distorted specimens of three arenaceous
species of Foraminifera. The Schrader Bluff Forma-
tion has been assigned a Senonian age by Mrs. Loeblich
(Tappan, 1951b; 1960, p. 281). Jones and Gryc (1960,
p. 153) suggested a middle Senonian age, probably
Santonian to early Campanian.

SEABEE FORMATION (TURONIAN)

Beneath the Tuluvak Tongue are marine shale and
sandstone beds of the Seabee Formation; these extend
over most of the Umiat structure except along the crest
south of the main (east-west) fault. A complete sec-
tion of 1,495 feet of the Seabee Formation was pene-
trated in test well 11 ; the upper 200 feet of shale carried
common to abundant specimens of Haplophragmoides
rota. Nauss, common Arenobulimina forule Tappan, a
few specimens of two species of 7'rochemmina, and
fragments of Pseudoclovuling hastate (Cushman). P.
hasta is limited to this part of the section and along
with Arenobulimina torula distinguishes this as the
Pseudoclavulina-Arenobuliming faunal zone, correla-
tive with that characteristic of the shaly section of the
Ayiyak Member of the Seabee Formation. However,
the Ayiyak Member is recognized only in the area of
outerop to the south of Umiat, and because of lithologic
differences the name of the member has not been applied
in the Umiat area.

The Seabee Formation underlying the Pseudoclavu-
lina beds in test well 11 is virtually barren of micro-
fossils. About midway in the section were prints of
a very small, compressed, unornamented discoidal
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Turonian ammonite (Borissiakoceras ashurkoffae Cob-
ban and Grye) that is diagnostic of this part of the
Seabee Formation. /Inoceramus shell fragments were
found at a few intervals, and discoidal and spherical
white tests of two species of Radiolaria came from
samples about midway in the section. In a core in the
lower part of the formation, three arenaceous species
of Foraminifera and one calcareous species were com-
mon to abundant.

The lower 350 feet of the Seabee Formation in test
well 11 has only an occasional fossil, whereas in certain
outcrop areas the lower 100-300 feet of the Seabee For-
mation carries numerous specimens of three species of
arenaceous Foraminifera. Presumably these beds are
represented in test well 11 in the core at 1,670-1,680
feet; but elsewhere in the Umiat field the lowest fos-
siliferous beds of the outcropping Seabee Formation
are absent or, if present, are devoid of fossils.

In test well 1 at the west end of the structure, the up-
per fossiliferous beds of the Pseudoclavulina-Areno-
bulimina faunal zone are missing from the 915-foot sec-
tion of the Seabee Formation. Scarcely any fossils
were found in the upper 300 feet, but /noceramus prisms
occurred in several samples; and shells of [noceramus
cf. 1. labiatus Schlotheim were found in cores from 336—
447 feet. These specimens have closely spaced plica-
tions which are not as typical of Inoceramus labiatus
as they are of the Cenomanian species /. pictus Sowerby
from the Lower Chalk of England and /. prefragilis
Stephenson from the Woodbine (Cenomanian) of
Texas.

Casts of Borissiakoceras ashurkoffae were found in
cores from 377—417 feet in test well 1, but the occurrence
was a little lower in the section than in test well 11.
About midway in the section, a few Foraminifera and
Radiolaria were found.

In four other test holes in the Umiat field, only the
lower part of the Seabee Formation was penetrated.
On the south flank of the structure, near the Colville
River, test well 6 penetrated 220 feet of the Seabee For-
mation and test well 7 penetrated 390 feet. The Seabee
Formation may not exceed 350 feet in thickness in test
well 8, drilled on the crest of the structure; but in test
well 10, about 670 yards to the west, 435 feet of the same
section was found. /noceramus shell fragments were
present in each of these wells in the Seabee Formation,
but microfossils were rare except for elongate, triserial,
specimens of Neobulimina albertensis (Stelck and
Wall) in each well. This calcareous foraminifer ap-
parently is most common in the basal or near basal part
of the Seabee Formation, as it is present in this posi-
tion in test wells 1,8, and 10.
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CENOMANIAN(?) ROCKS

In her discussion of the lithologic data of the Umiat
test wells, Collins (1958a, p. 74) indicate that the
Ninuluk Formation (Cenomanian) is represented by
about 100 feet of sandstone and 20 feet of shale over
much of the Umiat field. In most of the Umiat wells,
the faunal evidence for assigning this part of the sec-
tion to the Ninuluk Formation is extremely meager as
only a few arenaceous or pyritized Foraminifera were
found; these Foraminifera were found in two samples
in test well 6 and in two samples in test well 10. Most
of the specimens belong to the genus 7'rochammina, but
two or three other genera are represented. Seemingly
the Trochammina are similar to species that occur in
the Ninuluk Formation elsewhere, but they are also sim-
ilar to forms in the Seabee Formation. Most of the spec-
imens are badly crushed, making identification difficult
and questionable; therefore, it is not certain that these
fossils are a part of the Gaudryina-Trochammina zone
characteristic of the Ninuluk Formation.

LOWER CRETACEOUS (ALBIAN) ROCKS

Immediately beneath the thin sequence which has
been referred to the Ninuluk Formation are sandstone
and shale of Early Cretaceous age. About 260-280 feet
of the section is largely nonfossiliferous and is re-
garded by Collins (1958a, p. 74) as part of the Killik
Tongue of the Chandler Formation; the base is placed
at the first occurrence of microfossils near the top of a
massive sandstone. The succeeding 660-670 feet of
strata, which are in part fossiliferous, have been as-
signed to the Grandstand Formation (Collins, 1958a,
p. 74). This interval consists of two beds of massive to
thinly bedded marine sandstone separated by clay shale.
The Verneuilinoides borealis zone of Albian age extends
throughout this unit and into a thick shale sequence
below.

Although a virtually uniform thickness has been
ascribed to the Killik Tongue in the Umiat area, the
base commonly has been taken at the first occurrence
of microfossils of the V. borealis zone above the massive
sandstone. In some of the wells, however, this first
occurrence is succeeded by seemingly nonfossiliferous
sections of a few feet to 50 or 75 feet thick. This situa-
tion suggests continuity of the entire sequence—of
shallow marine beds interfingering and grading into a
nonmarine facies. Rather than attempt to establish
formation limits for the sequence, the beds down to the
first massive sandstone are herein regarded as the
Chandler Formation. The underlying sandstone and
shale sequence is considered to be undifferentiated
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Grandstand and Tuktu Formations, instead of only the
Grandstand.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The Verneuilinoides borealis faunal zone was pene-
trated in each test well of the Umiat field, but the entire
zone is represented only in test wells 1 and 2, where the
fauna is most prolific and abundant. As compared to
the number of species in the fauna of the V. borealis
zone in the coastal wells, however, the number of species
in the zone in the Umiat area is smaller, calcareous
Foraminifera being few. In test wells 1 and 2, the
fauna is mainly composed of numerous specimens of
arenaceous Foraminifera and relatively few specimens
of calcareous species. Of 22 arenaceous species and 21
calcareous species that have been identified, 5 arenaceous
species outnumber the others. In order of abundance
these five species are: Haplophragmoides topagoruken-
sis Tappan, Verneuilinoides borealis Tappan, Ammeo-
baculites wenonahae Tappan, Ammobaculites frag-
mentarius Cushman, and Gaudryina nanushukensis
Tappan; together, they make up nearly 80 percent of
the specimens found, and H. fopagorukensis alone
accounts for nearly 50 percent of the specimens.

Only a few species of Foraminifera occur in the up-
permost part of the V. borealis zone, and they seemingly
are representative of the last stages of a dwindling Al-
bian fauna in the marginal marine sediments. Inmuch
of the rest of the zone, however, the fauna is larger
and has distinctive species that do not occur in the high-
est beds. Within the upper part of the faunal zone, but
a few hundred feet below the top, three species of arena-
ceous Foraminifera occur at horizons that can be traced
in each well; these horizons aid in defining the struc-
ture of the field (pl. 16). The highest stratigraphic
marker species is Ammobaculites fragmentarius Cush-
man, which has a small initial whorl and relatively long
stage of uniserial chambers. Stratigraphically lower
is Ammobaculites wenonahae Tappan; this has a much
larger initial whorl than does A. fragmentarius and
only four or five broad chambers in the uniserial stage.
A little lower, or appearing with A. wenonahae, is
Trochammina winiatensis Tappan, a distinctive trochoid
species that has, in the last whorl, four large Globiger-
ina-like chambers that are greatly enlarged as compared
with small chambers of the closely coiled initial area.
7. umiatensis seems to be limited to about 100 feet of the
section of the V. borealis zone in most of the wells in
the Umiat field.

Preservation of the Foraminifera is generally poorer
in the Umiat wells than in the coastal area wells unless
specimens are replaced by pyrite. Arenaceous forms
are prevailingly dark brown as opposed to the light-
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gray to white specimens in the northern wells. Most
calcareous specimens in the Umiat wells are also stained
a dark color or are partially pyritized, whereas they are
light colored in the northern wells. The majority of
arenaceous specimens from the Umiat wells are crushed

-and distorted, and to identify them necessitates careful

examination of individuals and frequent cross checking
against the variety of shapes that specimens of the same
species can have. If only a few specimens were found
and if they were greatly distorted or broken, only a
questioned identification could be made. Generally the
chambers of arenaceous specimens that are filled with
pyritic material have withstood collapse and distortion.

In some of the test wells, particularly in 3, 4, 5, and
6, most of the specimens were crushed and distorted or
were of erratic occurrence. In test holes 7, 8,9, 10, and
11, however, specimens were crushed and distorted in
samples from the upper beds but were fairly well pre-
served in the lower beds.

Some species show a range in size. Tests of Hap-
lophragmoides topagorukensis Tappan range from
rounded involute to flattened and twisted specimens;
the diameter of the latter ranges from 0.3 mm to 1 mm,
but the average diameter is about 0.6 mm. Verneuili-
noides borealis Tappan ranges from small wedge-shaped
flattened specimens, 0.3 mm in length, to large speci-
mens, 0.6 mm to 0.75 mm in length. The chambers are
not very distinct on small specimens but may be excel-
lently outlined on the larger ones, and in tests that have
been filled with pyrite the original shape of the inflated
chambers is retained. Most of the specimens of Psam-
minopelta subcircularis Tappan, Miliammina awunen-
sis Tappan, and Miliammina manitobensis Wickenden
are flattened or laterally compressed, but the original
shape is preserved in pyritic specimens at certain inter-
vals. Probably more tests of Ammobaculites fragmen-
tarius Cushman and 4. wenonahae Tappan are broken
than are complete, and the uniserially chambered seg-
ments are more abundant than the initial coiled parts.
Unbroken specimens of these two species, however, have
less apparent distortion than do other arenaceous forms.
The narrow elongate tests of Gaudryine canadensis
Cushman are generally flattened with chambers over-
lapped, but the few that are pyritic have undistorted
chambers and a tapered cylindrical shape.

Specimens of 7rochammina umiatensis Tappan are
distinctive enough that even flattened tests can be recog-
nized; one side has four large chambers, whereas the
trochoid spire has only small chambers. (See fig. 37.)

Tuktu and Grandstand Formations undifferentiated

Only a few species of Foraminifera—usually Ver-
neuilinoides borealis Tappan, Psamminopelta bowsheri
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Tappan, P. subcircularis Tappan, Miliammina awuwnen-
sis Tappan, Gaudrying canadensis Cushman, and 7'ro-
chammina gatesensis Stelck and Wall—occur in the
uppermost 100 or more feet of the V. borealis zone in
each well in the Umiat area. Below this consistently
faunally restricted part, however, the sandstone and
shale sequence has a larger fauna composed of such spe-
cles as Ammobaculites fragmentarius, A. wenonahae
Tappan, and Z'rochamminag wmiatensis Tappan, species
which have never occurred in the highest beds of the
zone nor have been found in the samples studied from
outcrop beds of the Grandstand Formation. In addi-
tion, Haplophragmoides topagorukensis Tappan occurs
in abundance in most of the sandstone and shale unit,
but is rare or absent in the uppermost beds of the V. bo-
realis zone in each of the Umiat wells and is extremely
rare in outcropping beds of the Grandstand Formation.
In outcrop samples of the Tuktu Formation, . topa-
gorukensis occurs in abundance along with species of
Ammobaculites. Thus most of the Grandstand Forma-
tion of Collins in the Umiat wells seems to be equivalent
to the Tuktu Formation of the outcrop because most of
‘the beds carry the fauna characteristic of that part of
the Nanushuk Group, and only the sparingly fossilifer-
ous beds in the uppermost part of the Umiat wells seems

to be faunally equivalent to beds in the Grandstand -

Formation.

A few good horizon markers occur in the Tuktu
faunal facies of the Verneuilinoides borealis zone.
Highest stratigraphically (pl. 16) is Ammobaculites
fragmentarius Cushman, which was found in most of
the wells at a depth of 95-110 feet below the top of the
V. borealis zone but which was absent in this position in
test well 1. Ditrupa cornu Imlay, a smooth-shelled
worm tube, commonly appears at about the same hori-
zon as A. fragmentarius. Specimens of Ammobacu-
lites wenonahae Tappan occur between 245 and 285
feet below the top of the zone. From 275 to 335 feet
below the top of the zone were the first specimens of
Trochammina wmiatensis Tappan, whose restricted oc-
currence within a vertical range of about 100 feet in
most of the wells makes it an excellent horizon marker.
It occurred with A. wenonahae in Umiat test well 1
in cores from 1,625 through 1,651 feet and is present
in a core more than 700 feet lower, owing to duplica-
tion of beds by a fault.

The zone of 7Trochammina umiatensis, in association
with common specimens of Ammobaculites wenonahae,
Haplophragmoides topagorukensis Tappan, and Ver-
newilinoides borealis Tappan, seems to be repeated in
two other wells, possibly due to minor faulting of the
sections. In test well 9 the top occurrence of 7. umia-
tensis 1s in a core at 669 feet. This species and asso-
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ciated fauna are repeated in cores from 1,187-1,218 feet.
A less probable suggestion of faulting in the Tuktu
Formation is indicated in test well 11, where 7'. umia-
tensis and associated Foraminifera appeared first in a
ditch sample at 2,730-2,740 feet, were common in sam-
ples from 2,750-2,800 feet, and were repeated in ditch
samples beginning at 3,210 feet, about 410 feet lower.
Besides their value in structural control in the sub-
surface of the Umiat field, the key fossil horizon
markers are of interest in that they appear approxi-
mately between the two oil producing sandstone beds.
Inoceramus prisms are scattered in many samples from
the Tuktu-equivalent beds in the Umiat wells and, along
with fragmentary tubes of Ditrupa cornu, indicate that
the /noceramus-Ditrupa subzone of the Verneuilinoides
borealis faunal zone of the Arctic coastal test holes is
meagerly developed in the Umiat area. Mashed shells
of Corbula? sp. were abundant in cores at 1,703-1,723
feet in test well 1 and at 838-845 feet in test well 9.

Shale sequence (upper part of Torok ¥Formation)

In the lower part of the Verneuilinoides borealis
faunal zone in the Umiat wells, the section is predomi-
nantly clay shale and underlies the lowest thick sand-
stone of the Tuktu Formation. This section was re-
ferred to the Topagoruk Formation by Collins (1958a,
p. 75), but it is considered to be the upper part of the
Torok Formation in this report. It was found only in
test wells 1, 2, and 11. Approximately 2,800 feet of

‘the upper part of the Torok Formation was penetrated

in test well 1; but the lower 1,400 feet was not cored,
and the ditch samples from that interval were greatly
contaminated. In test well 2 the measured thickness
is about 3,640 feet because the beds are repeated by at
least one fault of more than 500 feet displacement that
cuts the section at 2,400 feet. At least 600 feet of fossil-
iferous beds seem to recur below a depth of 5,580 feet,
below beds of the probable lower part of the Torok
Formation, and their presence suggests another fault.
In test well 11, only the upper 200 feet of the Torok
Formation was penetrated.

Although the fauna of the upper part of the Torok
Formation of most areas is similar to that of the Tuktu
Formation except for the latter’s horizon markers, it
is not well represented in the Umiat area. The only
fossils really diagnostic of the upper part of the Torok
Formation are Gaudryina nonushukensis Tappan and
Gastroplites sp., an Albian ammonite. The former ex-
tends through the lower 145—24 of these beds in test wells
1 and 2, whereas imprints of the ammonite were found
in test well 2 at 2,148 feet and at 2,634 feet. Specimens
of G. nanushukensis are conspicuous because they are
roughly triangular in cross section and because they
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have low broad chambers and black specks of man-
ganese oxide along the sutures or mottling the surface
of the slightly concave sides. Small specimens (0.35-
0.5 mm in length) show only the triserial stage and
a wide apertural end; larger specimens (0.9 mm or
more in length) are biserially terminated and are nar-
rower at the apertural end than at the last of the trise-
rial stage. Haplophragmoides topagorukensis and Ver-
neuilinoides borealis are the only species of Foraminif-
era found in any abundance; these were mainly
scattered through a few cores in the upper part of the
beds. Flattened and broken specimens of the tubular
Bathysiphon vitte Nauss?, which is rare or absent in
the upper part of the V. borealis zone, is a-conspicuous
species in the Torok Formation in some wells.

LOWER PART OF THE TOROK FORMATION

The two deep tests in the Umiat field were the only
wells which penetrated the lower part of the Torok
Formation. About 335 feet of shale in test well 1 and
about 400 feet of shale in test well 2 probably represent
the lower part of the Torok Formation. These beds
were previously referred to the Oumalik Formation by
Collins (1958a, p. 76-100) and by me (Bergquist, 1958a,
p. 200-201) ; but because there is very little difference
between the shale in this part of the section and that
higher in the wells, there seems to be no need to recognize
a separate formation. Foraminifera of the Vernewil:-
noides borealis faunal zone were found in the ditch
samples as contamination from the upper beds, but a few
poorly preserved pyritic casts of a fusiform radiolarian
(Lithocampe? sp.) were found; this radiolarian is a
characteristic fossil of the lower part of the Torok
Formation. The radiolarian casts were found in test
well 1 in samples from 5,790-5,830 feet and from 5,880
5,890 feet. In test well 2, they were found in scattered
ditch samples at 4,840-4,850 feet and 4,960-4,970 feet and
as contamination in lower beds. In test well 2 the beds
below 5,100 feet are underlain by fossiliferous beds of
the upper part of the Torok Formation brought into
place by a fault.

UMIAT TEST WELL 1

Umiat test well 1 was drilled near the west end of the
structure between two branches of Seabee Creek, at a
point now known to be about 5 miles west and several
hundred feet below the apex of the anticline. It pene-
trated both Upper and Lower Cretaceous rocks and
bottomed at 6,005 feet in a thick shale sequence. Con-
tinuous coring was done in the upper part of the well.
This coring started at 31 feet and continued to 1,816
feet with very few breaks, the largest break being an
uncored section from 1,474-1,615 feet.
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SEABEE FORMATION (TURONIAN) (8-015 FT)

Beds of the Seabee Formation extend from the sur-
face of the well to a depth of 915 feet and are pre-
dominantly clay shale, but sandstone makes up more
than half of the upper 250 feet. Beds above 350 feet are
virtually devoid of fossils. Somewhat lower, however,
a small subspherical radiolarian, Cenosphaera sp. A, was
abundant ; two other Radiolaria, Spongodiscus sp. and
Dictyomitra cf. D. multicostata Zittel, were common, the
latter as pyritic conical casts that have deep transverse
septal strictures and fine longitudinal ribs.

Inoceramus prisms occurred in several cores, and shell
fragments of Inoceramus cf. I. labiatus Schlétheim and
casts of Borissiakoceras ashurkoffae Cobban and Gryc
were found in the upper half of the section. Large fish
scales (7'issotia sp.) nearly an inch in diameter came
from a core in this interval, and fishbone fragments
occurred in many samples in the power part.

About midway in the Seabee Formation specimens of
arenaceous Foraminifera (Saccammina lathrami Tap-
pan?, Textularia sp., I'rochammina diagonis (Carsey),
and 7'. whittingtoni Tappan) were common to abundant,
and a spherical radiolarian (Cenosphaera sp. B) was
common in one sample. The specimens of S. lathrami?
are gray to white, and although some are of normal size
for this species, others are very small discoidal objects
that resemble the radiolarian Spongodiscus. All speci-
mens of 7'. whittingtoni are distorted, but the species is
distinctive because of its numerous chambers and because
it is the largest species (as much as 0.15 mm diameter)
of Trochammina found in the Colville Group. Speci-
mens of Zextularia sp. in this well were previously
referred to Gaudryina irenensis Stelck and Wall (Berg-
quist, 1958a, p. 200), but on later examination with
higher magnification, they do not appear to be triserial
in the initial stage. The specimens are poorly pre-
served, however, being both compressed and distorted or
having a granular surface texture that obscures much of
the sutures. Most are very narrow at the initial end
but flare out rather rapidly.

Two calcareous species (Pracbulimina seabeensis Tap-
pan and Neobulimina albertensis (Stelck and Wall))
were common in two cores in the lower third of the Sea-
bee Formation.

NONFOSSILIFEROUS ROCKS

Between the base of the Seabee Formation and the top
of the Verneuilinoides borealis zone the section is vir-
tually nonfossiliferous and consists of about one-third
sandstone and siltstone and two-thirds clay shale. One
hundred and fourteen feet of core was taken in the
interval. Except for a few charophyte oogonia in ditch
samples, the section was barren. The beds have been
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differentiated as Ninuluk Formation (915-1,010 ft) and
Killik Tongue of the Chandler Formation (1,010-1,305
ft) by Collins (1958a, p. 76) on the basis of lithologic
studies.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The Verneuilinoides borealis faunal zone of Albian
age begins at about 1,295-1,305 feet and extends through
at least 2,900 feet of sandstone and shale. Cored sec-
tions indicate that fossiliferous beds alternate with
barren beds, but fossils occurred in nearly all the ditch
samples, owing to transport by circulating mud.

The Verneuilinoides borealis faunal zone extends
through an upper predominantly sandy shale and sand-
stone unit (Tuktu and Grandstand Formations un-
differentiated) from about 1,300 to 2,850 feet and a sec-
tion of marine shale (the upper part of the Torok
Formation). The extent of the V. borealis zone in the
Torok Formation is unknown because of lack of core
samples below 4,204 feet, but it continues through that
depth.

The Verneuilinoides borealis fauna in test well 1
consists of 43 species, of which 22 are agglutinate forms
and 21 are calcareous. Nine arenaceous species make
up 94 percent of the specimens. In order of abundance
these nine species are Haplophragmoides topagoruken-
sis Tappan, Verneuilinoides borealis Tappan, Gaudry-
ina canadensis Cushman, Ammobaculites wenonahae
Tappan, Ammobaculites fragmentarius Cushman, Mili-
ammina awunensis Tappan, Psamminopelta subcircu-
laris Tappan, Psamminopelta howsheri Tappan, and
Gaudryina nanushukensis Tappan. The last-men-
tioned species is confined to the Torok Formation in this
well. H. topagorukensis and V. borealis together con-
stitute 54 percent of the faunal count of specimens
shown on the chart (fig. 28).

Tuktu and Grandstand Formations undifferentiated (1,300~
2,850 ft with fault duplication)

In a continuously cored section of beds in the upper
sandy shale and sandstone unit of the Vernewilinoides
borealis zone, fossiliferous beds alternate with unfos-
siliferous, and significant faunal changes occur. In
the highest part (through 1,474 feet), the fauna is small
and only eight species were found. Of these Verneuili-
noides borealis, Psamminopelta bowsheri, P. sub-
circularis, Miliommina awunensis, and Gaudryina
canadensis each were present in some degree of abun-
dance in one or more samples.

Within the next continuously cored section (1,615~
1,816 ft), the beds were all fossiliferous except for an
interval of about 60 feet. A marked change occurs
in the fauna with the appearance of species that are

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

not found in the highest part of the Verneuwilinoides
borealis zone and that are characteristic of the Tuktu
Formation. These include an abundance of Haplo-
phragmoides topagorukensis Tappan; Ammobaculites
wenonahae Tappan, which is common to abundant in
the upper 35 feet of the interval; 7'rochammina wmi-
atensis Tappan, which is common in one core; and the
worm tube Ditrupa cornu Imlay. The last three species
are also horizon markers through each well. Another
marker in most of the wells is Ammobaculites frag-
mentarius Cushman, which is highest in the sequence,
but in test well 1 the species is absent in this position.
One species, 7rochammina wmiatensis, in the Umiat field
has a restricted range of about 100 feet in most of the
wells. Thus its recurrence with A. wenonahae in cores
about 715 feet lower in the section substantiates the
interpretation of a fault at 2,010 feet, which is reported
to duplicate about 700 feet of section (Collins, 1958a, p.
76). This fault was overlooked in early studies and
was first suggested in 1949 by Karl Vanderahe, chief
petroleum engineer for Arctic Contractors, who called
attention to possible duplication of potential curves on
the Schlumberger record.

Crushed shells of a Corbula-like pelecypod were
abundant in two cores, and fragments of smooth,
tapered cylindrical worm tubes (Ditrupa cornu) oc-
curred in three cores.

A continuously cored section from 2,252 to 2,370 feet
included nonfossiliferous intervals and had only a smalt
fauna of eight species, consisting largely of Haplo-
phragmoides topagorukensis, Verneuilinoides borealis,
and Ammobaculites wenonahae in the fossiliferous in-
tervals. The occurrence of a calcareous species, Conor-
boides wmiatensis (Tappan), is unusual in the lower
core in that it was common in its first appearance in
the well but was rare elsewhere in the section below.
A lower cored interval (2,537-2,578 ft) carried only
Haplophragmoides topagorukensis in part of the foot-
age; but in the lowest core (2,573-2,578 ft) Vernewili-
noides borealis, Psamminopelta bowsheri, Ammobacu-
lites wenonahae, and Gaudryina canadensis were abun-
dant. Cored sections in the lower part of the Tuktu
Formation were barren.

Torok Formation (2,850 ft to total depth)

In the lower beds penetrated in this test well, shale
predominates and is part of the Torok Formation. At
least 1,350 feet, and possibly as much as 2,000 feet, of
this section carries the Verneuilinoides borealis fauna,
but the base is unknown because of contamination from
upper beds and lack of core control. The Torok part
of the V. borealis zone lacks Trochammina umiatensis
and species of Psamminopelta and Gaudryina. In cores
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about 550-575 feet below the top of the formation,
crushed circular tests of Haplophragmoides topagoruk-
ensis, small flattened specimens of Verneuilinoides
borealis, and unbroken specimens of Ammobaculites
fragmentarius were common to abundant. Most of the
specimens have sand grains adhering to the normally
smooth surfaces. Specimens of Gaudryina nanushu-
kensis Tappan, a species not found in the Tuktu Forma-
tion of the Umiat area, appeared in ditch material 840
feet below the top of the formation and seems to be
diagnostic of the Torok Formation.

The most abundant specimens and species were in
cored intervals at 4,085-4,114 feet and at 4,176-4,204
feet. Gaudryinella irregularis Tappan occurred spar-
ingly in cores from 4,100 through 4,200 feet and in a core
at 4,200-4,204 feet, where several calcareous Foraminif-
era were found and one species (Eurycheilostoma robin-
sonae Tappan) was common. Both of these species
normally are found in the Tuktu Formation but are
absent in it in this well. Specimens of E. robinsonae
are high spired and cone shaped and have a reddish-
brown stain on the surface of the tests.

No cores were taken below 4,204 feet except for the
bottom one at 5,990-6,005 feet. Thus most of the un-
cored interval is without accurate faunal control, as
ditch samples are greatly contaminated and most of the
specimens of Foraminifera found are from younger
beds of the Verneuilinoides borealis faunal zone. For
this reason, most samples from this interval have not
been included on the fossil range chart (pl. 23) ; the ex-
ceptions are two samples (4,500-4,510 ft and 5,150—
5,170 ft) in which crinoid ossicles were found. These
were identified by A. L. Bowsher as Balanocrinus sp.

A sample from the lowest core (5,990-6,005 ft) con-
tained only two specimens of calcareous foraminifers;
in ditch samples within the interval 5,790-5,830 feet,
there occurred a few pyritic casts of Lithocampe? sp., a
radiolarian which occurs mostly in the lower part of
the Torok Formation. Its presence in this well sug-
gests beds of that part of the Torok Formation, but as
it is impossible to correlate this section precisely, the
shale unit from 2,850 to 6,005 feet is considered as Torok
Formation undifferentiated.

UMIAT TEST WELL 2

This test was located on the south flank of the anti-
cline, about midway between the southeast corner of
Umiat Lake and the Colville River, and was spudded
in beds that are nearly a thousand feet stratigraphi-
cally lower than in test well 1. Lower Cretaceous beds
were penetrated beneath alluvium at the depth of 80
feet and extended to the bottom at 6,212 feet. The well
was cored continuously at three intervals: 297-582 feet,
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750-843 feet, and 938-1,066 feet; but throughout the
remainder of the section, most of the cores were taken
approximately every 200 feet with the lowest at 6,185
6,200 feet.

CHANDLER FORMATION

No fossils were found in the sequence of sandstone
and clay penetrated between the base of the alluvium
and the first noted occurrences of Foraminifera in a
core at 365-375 feet. These nonfossiliferous beds have
been considered the Killik Tongue of the Chandler
Formation, and a more or less fossiliferous sequence of
sandstone and clay shale below has been referred to the
Grandstand Formation (Collins, 1958a, p. 100).

VERNEVILINOIDES BOREALIS FAUNAL ZONE

Most of the rocks below the depth of 365 feet in this
well are within the Verneudilinoides borealis zone.
About 22 arenaceous species numerically outnumber the
19 calcareous species of the foraminiferal fauna. Spec-
imen counts on the faunal chart (pl. 23) indicate that
specimens of Haplophragmoides topagorukensis Tap-
pan alone make up 65 percent of the fauna and with five
other arenaceous species—V erneuilinoides borealis Tap-
pan, Gaudryina nanushukensis Tappan, Bathysiphon
vitta Nauss?, Ammobaculites fragmentarius Cushman,
and Ammobaculites wenonahae Tappan, named in order
of abundance—make up 83 percent of the entire fauna.
Only five of these species are the same as those in the
zone in test well 1. Gaudryina canadensis Cushman,
Miliammina awunensis Tappan, Psamminopelta bow-
sheri Tappan, and Psamminopelta subcircularis Tap-
pan are minor constituents in the zone in test well 2 but
are among the leading species in test well 1. B. vitta?
is prevalent in test well 2 and rare in test well 1. Seven
calcareous species—Lenticulina macrodisca. (Reuss),
Conorboides umiatensis (Tappan), Globorotalites alas-
kensis Tappan, Gavelinella stictata (Tappan), Margin-
uwlina plamiuscula (Reuss), Globulina lacrima Reuss
subsp. canadensis Mellon® and Wall, and Valvulineria
loetterlei (Tappan)—constitute about 76 percent of the
calcareous Foraminifera.

Tuktu and Grandstand Formations undifferentiated (365-
1,060 £t)

The upper part of the Verneuilinoides borealis zone
in test well 2 is a more or less fossiliferous sequence of
sandstone and clay shale that is nearly 700 feet thick.
The section was barren through the 70 feet below the
first occurrence of four species of Foraminifera, and
thereafter fossiliferous beds were erratic. Haplophrag-
moides topagorukensis appeared in abundance at 433
feet, which was also the first oceurrence of Ammobdacu-
lites fragmentarius, the highest horizon marker in the
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Unmiat field. Other horizon markers appeared in suc-
cession at various depths, Trochammina wmiatensis oc-
curring about 1,000 feet structurally higher in this well
than in test well 1.

Except for Haplophragmoides topagorukensis and
TVerneuilinoides borealis, the fauna is sparse from 800
feet to the top of the thick shale sequence of the Torok
Formation. Only the cores at 979-992 feet had fossils
in the continuously cored interval from 938 to 1,066 feet.

Torok Formation (1,060 ft to total depth)

Although the ditch samples from the upper 1,000 feet
of the Torok Formation carried numerous specimens of
Haplophragmoides topagorukensis and Verneuilinoides
borealis besides lesser numbers of a few other species,
the cores furnished very few fossils. The fauna found
in the five cores between 1,850 and 2,950 feet offers
nothing to confirm or disprove the interpretation of a
reverse fault, which Collins (1958a, p. 100) reported at
2,400 feet and said repeated the section between 1,850
and 2,400 feet again between 2,400 and 2,950 feet,

A specimen of ammonite found at 2,148 feet and an-
other at 2,634 feet were identified by Imlay (1961, p. 37)
as Gastroplites sp. Small Inoceramus shells in a core
at 2,784 feet have been identified by Imlay as juvenile
forms of /noceramus cf. I. anglicus Woods, an Albian
species.

In a few cores between 1,400 and 8,000 feet and at
4,610-4,620 feet, small flattened wedge-shaped tests of
Verneuilinoides borealis were common, and flattened
tests of Haplophragmoides topagorukensis were com-
mon to abundant. Calcareous Foraminifera were rela-
tively rare throughout much of the Torok Formation,
but a few tests of Conorboides wmiatensis (Tappan)
and Lenticulina macrodisca (Reuss) occurred in scat-
tered samples. Fragments of Ditrupa cornu tubes were
abundant in a core from 1,429-1439 feet. A long,
broken specimen of Gaudryina nanushwkensis Tappan
about 970 feet below the top of the formation was the
first occurrence of the species, but small tests of this
species were common at several lower depths, and large
specimens were abundant at 2,970-2,990 feet. In the
interval between 3,007 and 4,087 feet, the cores were
barren or carried very few fossils.

Only six species of Foraminifera were found in a core
from 4,087-4,097 feet, but among them was an occur-
rence of three distorted specimens of 7'rochammina
umiatensis that had not occurred below cores at 780-785
feet. This occurrence is unusual, as the species has a
restricted range in the upper part of the Verneuilinoides
borealis zone of the Umiat area. However, the sample
was originally washed in October 1947 and reported as
barren, but a subsequent sample washed from the same
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core in December 1947 yielded the fauna mentioned
above. Perhaps the explanation is contamination by
drilling mud in cracks in the core.

Compressed specimens of Ammobaculites fragmen-
tarius were common in a core at 4,610-4,620 feet, small
crushed specimens of Haplophragmoides topagoruken-
sis were abundant, and specimens of small flattened
Verneuilinoides borealis were common.

A dark shale from about 4,700 to 5,100 feet may be
the equivalent of the lower part of the Torok Forma-
tion, but the only fossils found in the two cores from
this interval are two specimens of Haplophragmoides
topagorukensis and a questioned specimen of Areno-
bulimina. Ditch samples carried fossils from the Ver-
neuilinoides borealis zone as contamination, but in
samples from 4,840-4,850 feet and 4,960-4,970 feet, a
pyritic cast of Lithocampe ? sp. was found in each. Pos-
sibly these beds are within the lower part of the Torok
Formation, as pyritic casts of Lithocampe? sp. are di-
agnostic of that part of the section if the casts occur
in any degree of abundance. However, four of the
seven cores in the section below 5,100 feet again carried
Foraminifera of the V. dorealis zone.

Crushed granular arenaceous Foraminifera of the
Verneuilinoides borealis zone occurred in the core
sample at 5,585-5,595 feet. Small, distorted tests of
Haplophragmoides topagorukensis were abundant, and
small brown, somewhat flattened, wedge-shaped tests
of Verneuilinoides borealis were common. The latter
are identified by shape, as the chambers are practically
obscured by a granular surficial coating. The core at
5,885-5,893 feet had a fauna of eight arenaceous and
five calcareous species of Foraminifera of the V. bore-
alis zone. Most of the arenaceous specimens are
crushed, and cemented sand grains partly obscure the
normally smooth surfaces. The abundant H. fopago-
rukensis specimens are small and crushed ; the common
V. borealis specimens are short and flattened. Asso-
ciated with the Foraminifera are /noceramus prisms
and an ossicle of Balanocrinus sp.

The reappearance of the Verneuilinoides borealis
fauna below 5,580 feet, especially of Gaudryina nanu-
shukensis of the upper beds of the Torok Formation,
in cores in the lower part of the well is good evidence
for the fault suggested by Collins (1958a, p. 100) and
indicates that shale beds which may be the lower part
of the Torok Formation are only a few hundred feet
thick between beds of the V. borealis zone.

UMIAT TEST WELL 3

This shallow test well was located near the northeast
edge of Umiat Lake, about a quarter of a mile N.
70° W. of test well 2. The test was drilled to 572 feet
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and was continuously cored from 236 feet to the bottom.
Some oil was produced from the upper beds.

CHANDLER FORMATION

No samples were taken above 60 feet in this well, and
no faunal records or slides are available for most of
the section above 230 feet. Apparently the upper beds
are barren. This interval, a section of sandstone and
clay shale, has been assigned to the Killik Tongue of
the Chandler Formation by Collins (1958a, p. 116-117),
and the section below 225 feet, to the Grandstand For-
mation; but the latter is considered as Tuktu and
Grandstand Formations undifferentiated in this report.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

Very few microfossils were found above the depth of
429 feet though the Verneuilinoides borealis zone begins
200 feet higher. The species that are the horizon
markers in the upper part of the faunal zone occurred
at 463 feet and lower. The greatest concentration of
specimens was below 520 feet, but only 16 species make
up the entire fauna of the section penetrated. Haplo-
phragmoides topagorukensis Tappan, Verneuilinoides
borealis Tappan, and Ammobaculites wenonahae
Tappan, named in order of abundance, constitute 70
percent of the fauna. Six calcareous species occurred

in the lowest part, but of these only one (Gavelinella,

stictatos (Tappan)) was common in one core.

Most of the Foraminifera found in test well 3 are
flattened and distorted and range in color from gray
to light tan and brown. Specimens of Verneuilinoides
borealis are small and dark brown and have rather ob-
scure sutures. Specimens of Trochammina wniatensis
Tappan are large and distorted; but they are readily
recognized by their four greatly expanded chambers in
the last whorl. Specimens of Ammobdaculites wenonah-
ae are in general undistorted, and many are unbroken.
_Calcareous specimens are not crushed and are stained
tan to brown.

UMIAT TEST WELL 4

This test was drilled about 1,000 feet northeast of
test well 3, at about 130 feet higher elevation, but it
appears to be nearly the same structurally. The well
was drilled by cable tool to a depth of 840 feet and
produced oil. All cores were in sandstone and were not
sampled for microfossils. Only the bailer samples were
examined.

CHANDLER FORMATION

The upper part of the well apparently is nonfossilif-
erous through 320 feet and has been assigned to the
Killik Tongue of the Chandler Formation by Collins
(1958a, p. 125). The succeeding beds, which Collins
‘placed in the Grandstand Formation but which are
herein referred to Tuktu and Grandstand Formations
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undifferentiated, are within the Verneuilinoides bore-
alis faunal zone.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The Verneuilinoides borealis faunal zone was pene-
trated at 325 feet. In the ensuing 20-foot interval
(825-345 ft) of bailer samples was a concentration of
a few arenaceous Foraminifera, some of which were
common to abundant. This interval was followed by
barren samples and erratic occurrences of fossils down
to 540 feet. Below that depth, microfossils were found
in nearly every bailer sample to the bottom of the hole.
The number of specimens recovered is small, however,
and the fauna is composed of only 17 species of Foram-
inifera—H aplophragmoides topagorukensis Tappan,
Verneuilinoides borealis Tappan, and Ammobaculites
wenonahae Tappan making up 71 percent of the total
count. Five calcareous species of Foraminifera were
found but in number of specimens are insignificant.
The horizon-marking fossils of the upper part of. the
V. borealis zone occur in normal sequence and indicate
that the well bottomed slightly below this part of the
section.

The Foraminifera from this test hole are in part
crushed. Specimens of Verneuilinoides borealis are
larger than those in test well 3 and have more enlarged
chambers; some tests are pyritic and inflated. A few
short specimens of Ammobaculites fragmentarius Cush-
man and 4. wenonahae are complete, whereas others
are broken, and some are distorted. All specimens of
Trochammina wmiatensis Tappan are distorted.

UMIAT TEST WELL 5

This cable tool test was drilled near test well 2 to
check the sands in which there had been oil shows. Oil
was produced from two main sands, and the test bot-
tomed at 1,077 feet. Bailer and core samples were ex-
amined for microfossils; all cores examined from this
well were barren of the usual microfossils, probably
because they were taken in sandstone and siltstone beds.
But even in the shale beds below 730 feet, Foraminifera
were few and erratic in occurrence, and only Haplo-
phragmoides topagorukensis Tappan was common.

CHANDLER FORMATION

The upper 335 feet of more or less unfossiliferous
section is largely of the Killik Tongue of the Chandler
Formation. The only fossils found were a few fish
teeth, fishbone fragments, and a charophyte oogonium,
the oogonium being found in a sample at 100 feet.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

Above the upper main oil producing sand (370425
ft), sparingly fossiliferous beds of the Verneuilinoides
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borealis zone were penetrated at 355 feet, where a rela-
tive abundance of Verneuilinoides borealis Tappan and
Miliommina awunensis Tappan occurred. Below the
nonfossiliferous producing section, relatively few fossils
occurred in the beds to 605 feet, but among these were
the marker fossils Ammobaculites fragmentarius Cush-
man and Ditrupa cornu Imlay. Beds between 605 and
740 feet carried the bulk of the small fauna found in this
test, including the horizon marker species Ammobacu-
lites wenonahae Tappan and Trochammina wmiatensis
Tappan. .

The lower producing sand interval (770-960 ft) was
largely barren of microfossils except for a few about
midway. The lowest samples in the test hole carried a
few Foraminifera, principally Haplophragmoides topa-
gorukensis Tappan.

The microfauna found in this test totaled 17 species of
Foraminifera, Haplophragmoides topagorukensis and
Verneuwuilinoides borealis accounting for 61 percent.
Four calcareous species account for 3 percent of the
specimen count in the samples examined.

In general, few of the Foraminifera from this well
escaped crushing and distortion, and specimens show
more of this than do those from test wells 1-4. Many
have granular surfaces. The specimens of Vernewdli-
noides borealis are small for the species; they are
elongate triangular in outline, are dark brown, and have
a granular surface that obscures the sutures and makes
identification more difficult than usual. Several large
Haplophragmoides topagorukensis specimens occurred
among the average-sized tests in some samples; all are
distorted, and the walls of the chambers of many are
somewhat caved, creating a ribbed appearance. Am-
mobaculites wenonahae specimens are compressed, and
some are broken but show little distortion. 7'rocham-
ming wmiatensis specimens are large, compressed, and
distorted, but the last four rapidly expanded chambers
make the species distinctive enough to be recognized.

UMIAT TEST WELL 6

This cable tool test was drilled about 8,500 feet south-
west of test well 2 and is structurally lower. Only two
cores were taken, and these, together with much of the
section, were seemingly barren of microfossils. A few
occurred in the upper 240 feet of section, where /noce-
ramus prisms and shell fragments prevailed in each
sample. Scattered tests of eight species of Foraminif-
era were found in beds below 640 feet.

SEABEE FORMATION

Microfossils were scare in the section (81-220 ft) as-
signed to the Seabee Formation, and only a few speci-
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mens of Gaudryina sp. and Neobulimina albertensis
(Stelck and Wall) and three species of Radiolaria were
found. Previously, the arenaceous foraminifer was
cited as Gaudryina irenensis Stelck and Wall (Berg-
quist, 1958a, p. 202), but the two specimens found are so
poorly preserved that it seems best to give only the
generic designation,

NINULUK FORMATION

A section of 130 feet assigned to the Ninuluk Forma-
tion had fossils in only the highest sample (230-240 ft),
where there occurred pyritic and crushed arenaceous
tests of a species of 7'rochamminag herein referred to 7'.
wetteri Stelck and Wall. These tests were previously
referred to 7'rochammina rutherfordi Stelck and Wall
(Bergquist, 1958a, p. 202) but appear to have fewer
chambers than that species and to be more like the
deeply umbilicate 7. wetteri described from beds of
Cenomanian age in the Peace River area, Alberta,
Canada (Stelck and Wall, 1955, p. 59).

KILLIK TONGUE OF THE CHANDLER FORMATION

The 280-foot sequence of the Killik Tongue pene-
trated between 350 and 630 feet was barren of fossils
except for rare /noceramus prisms in the lower samples.
These prisms could be contamination.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The well tested only about 200 feet of the upper part
of the Verneuilinoides borealis faunal zone and did not
reach the lower producing sand of the other test wells.
Microfossils are scant, but in their first appearance at
640 feet, two species were common. There are in all,
however, only 11 occurrences of fossils in the undiffer-
entiated beds of the Tuktu and Grandstand Formations,
and a total of only 77 specimens were found. Seven
arenaceous Foraminifera and one calcareous species
make up the small fauna, Psamminopelta subcircularis
Tappan and Miliammina awunensis Tappan constitut-
ing 53 percent of the specimens and Haplophragmoides
topagorukensis Tappan and Verneuilinoides borealis
Tappan, about 30 percent. Only the uppermost of the
fossil horizon markers, Ammobaculites fragmentarius
Cushman and Ditrupa cornu Imlay, were reached in the
drilling.

UMIAT TEST WELL 7

The test was drilled about 1,300 feet southwest of test
well 6 and penetrated both Upper and Lower Cretaceous
rocks. The well bottomed at 1,384 feet, a little below
the zone of the marker fossils which occur in the upper
part of the Verneuilinoides borealis faunal zone.
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SEABEE FORMATION AND CHANDLER AND NINULUK
FORMATIONS UNDIFFERENTIATED

Five specimens of Foraminifera were found in the
upper 800 feet of the well in beds assigned to the Seabee
Formation (4-385 ft) and to the Chandler and Ninuluk
Formations (390-795 ft). One of these, Neobulimina
albertensis (Stelck and Wall), suggests beds of Turo-
nian age; from the first sample through a sample at
360-370 feet, /noceramus prisms were abundant,

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The Vernewilinoides borealis faunal zone was first
apparent in a sample at 805 feet, where specimens of
Psamminopelta subcircularis Tappan were common.
In the next interval through 1,040 feet, microfossils were
relatively rare; but between 1,040 and 1,200 feet, a con-
centration of 11 species was found of which 4 species
make up most of the fauna. Below 1,200 feet, few
specimens were recovered. All four fossil horizon
markers were found in this test well, and the lower oil-
producing sand of the other wells was penetrated but
was water bearing. These beds are considered in this
report to be Tuktu and Grandstand Formations
undifferentiated,

Three arenaceous Foraminifera, Haplophragmoides
topagorukensis Tappan, Vernewilinoides borealis Tap-
pan, and Ammobaculites wenonahae Tappan, account
for 75 percent of the fauna in samples of the Vernewili-
noides borealis zone; and Haplophragmoides topago-
rukensis alone totals 40 percent. Many of the specimens
are somewhat crushed and distorted; especially in the
upper beds. Specimens of H. topagorukensis and A.
wenonahae Tappan are fairly well preserved; speci-
mens of V. borealis are among the poorest preserved.

UMIAT TEST WELL 8

This cable tool test was drilled about a mile northwest
of test well 2. Oil and gas were produced on formation
tests. The meager paleontologic data obtained from
beds assigned to the Seabee Formation and to the
Chandler and Ninuluk Formations in this well have
been discussed (Bergquist, 1958a, p. 202), and reexami-
nation of material has added no new data. Geologic
divisions shown on figure 28 for this part of the well
are from Collins’ data (1958a, p. 149, 150).

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The Verneuilinoides borealis faunal zone apparently
was penetrated not far below 700 feet, as three speci-
mens of V. borealis were found in a core at 711-716 feet.
However, no other Foraminifera of this zone were found
in the sample or in the succeeding 100 feet of section;

775-799 O - 66 - 12
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therefore, the occurrence probably represents one of
the minor intertongues of marginal marine and non-
marine sediments that must have prevailed during the
later stages of marine sedimentation in Albian time in
northern Alaska. A concentration of Foraminifera oc-
curred below 845 feet in this test hole.

In the undifferentiated beds of the Tuktu and Grand-
stand Formations, the four fossil horizon markers in
the upper part of the Vernewilinoides borealis faunal
zone were found, but most specimens of Ammobaculites
fragmentarius Cushman occurred in the sample in
which the species first made its appearance. A total of
16 species were found in beds penetrated in the zone, all
but 8 being arenaceous forms. Verneuilinoides borealis
and Haplophragmoides topagorukensis make up 56
percent. of the total count; Admmobaculites wenonahae,
approximately 12 percent; and 7rochammina umiaten-
sis Tappan, nearly 8 percent. The number of specimens
of 7. umiatensis is unusual as this species is usually sub-
ordinate to three or four others in most of the test wells.

Specimens of 7rochammina umiatensis vary consid-
erably in size and degree of crushing, a few showing
some of the original inflation of the large later chambers
(see C, fig. 87). The specimens of Ammobaculites
wenonahae are well preserved and show considerable
size range from short tests having only one chamber
above the initial whorl to those with four or five cham-
bers in the uniserial stage. Specimens of Vernewili-
noides borealis in the upper part of the zone are large
and relatively smooth, but in the lower samples the
tests are smaller and have a granular texture that par-
tially obscures the sutures and chambers.

UMIAT TEST WELL 9

This test was drilled by rotary drill about 2 miles
west of test well 2 on the western part of the Umiat
anticline. Coring was nearly continuous below 385 feet.
The well averaged 217 barrels of oil per day on a pump-
ing test apparently coming from several producing
sandstone beds.

NINULUK AND CHANDLER FORMATIONS

Sediments in the upper 425 feet of the section pene-
trated have been assigned to the Ninuluk Formation
and Killik Tongue of the Chandler Formation; paleon-
tologic material in this interval is practically nonexist-
ent. Two fragmentary specimens reported as
Gaudryina canadensis Cushman? (Bergquist, 1958a, p.
203) from 80-90 feet and 140-150 feet are too poorly
preserved for definite generic identification and there-
fore are not included on the faunal chart of this test
well. A distorted specimen of 7'rochammina and a flat-
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tened specimen of Saccammina lathrami Tappan in the
sample at 140-150 feet are the only other microfossils
found, but they offer no help in ascertaining whether
or not there are sediments younger than the Ninuluk
Formation.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The Verneuilinoides borealis faunal zone extends
from a core at 423433 feet to total depth at 1,257 feet.
Beds of undifferentiated Tuktu and Grandstand For-
mations were penetrated from 425 feet to at least 1,090
feet, and a short section of the Torok Formation was
penetrated below that. The fossil horizon markers ap-
peared initially in normal sequence, but a recurrence of
tests of Ammobaculites wenonahae and Trochammina
umiatensis in cores in the lower part of the well suggests
repetition of beds from a higher sequence.

The Verneuilinoides borealis fauna here consists of
23 species of Foraminifera; 7 species are calcareous,
but together they total only 8 percent of the faunal
count. Kive arenaceous species make up more than 75
percent of the fauna as follows: Verneuilinoides
borealis Tappan, 27 percent; Haplophragmoides topa-
gorukensis Tappan, 16 percent; Gaudryina canadensis
Cushman, 12 percent; Miliammina awunensis Tappan,
11 percent; and Ammobaculites wenonahae Tappan, 9
percent.

Compressed and widely flaring dark-brown granular-
surfaced specimens of Verneuilinoides borealis and flat-
tened specimens of Miliammina awunensis were very
abundant near the top of the V. borealis zone. Shells
of Corbula? sp. were numerous at 435 feet. Fragments
of Ammobaculites fragmentarius, one of the fossil hori-
zon markers, were found below a barren section (464—
514 ft), and abundant, well-preserved, unbroken speci-
mens were present in a core at 525-533 feet. In the
latter core, there were also common compressed tests
of Haplophragmoides topagorukensis, small tests of
V. borealis, and a fragment of Ditrupu cornu tube. Al-
though most specimens of Ammobaculites wenonahae
were broken, they were not crushed. Many are coarser
grained than is normal for the species, but the broken
tests can usually be distinguished from those of 4. frag-
mentarius because of the larger initial whorl and the
broader uniserial stage.

Shells of C'orbula? sp. were abundant from 838 to 848
feet, where most of the specimens were crushed and
packed closely together. Specimens of Gaudryina
canadensis from 829 to 858 feet were beautifully pre-
served by pyritic filling that has caused them to retain
the original shape of the subglobular chambers and sub-
cylindrical tests, features rarely present in specimens
from the Umiat wells. At lower depth (949-969 ft),
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many of the specimens are flattened, and all have a
corroded appearance.

In the cores below 979 feet, the Verneuilinoides
borealis fauna continued sporadically; but in some of
the samples below 1,100 feet, Haplophragmoides topa-
gorukensis and small dark-brown tests of Vernewili-
noides borealis were common, and a few tests of calcare-
ous species were found. There, too, in samples from
1,187-1,218 feet, was a recurrence of 7'rochammina wmi-
atensis, about 387 feet below its lowest occurrence in the
upper beds. The specimens of 7'. umiéatensis found in
both intervals are crushed and are more poorly pre-
served than are specimens from some of the other wells
of the Umiat field. However, the trochoid character
and the four large final chambers that distinguish the
species are visible. Because this species seemingly has
a limited vertical range of about 100 feet in the Umiat
field and is not known to occur in the Torok Formation,
its reccurrence suggests faulting in the lower beds of
this well just as in test well 1, where its recurrence more
than 700 feet below the lowest initial occurrence is
known to be due to faulting.

UMIAT TEST WELL 10

The test was drilled about one-third of a mile north-
west of test well 8 and bottomed at 1,573 feet. Oil was
produced from two sandstone beds and there was a
good showing in a lower sand, but caving prevented its

testing.
NINULUK AND SEABEE FORMATIONS

In the upper three-fourths of the well, microfossils
were found at about five horizons separated by barren
intervals. In samples from 180-210 feet and in a core
from 745-750 feet, pyritized and compressed tests of
Trochammina occurred ; these were previously reported
as T'rochammina ruthfordi Stelck and Wall (Bergquist,
1958a, p. 203). However, because the spire is higher
and the test has fewer chambers in the final whorl and
is more umbilicate than is characteristic of 7'. ruther-
fordi, it seems more appropriate to consider most of the
specimens as 7. wetteri Stelck and Wall, a species of
Cenomanian age from the Peace River area of Alberta,
Canada.

The sections in which 7rochammina wetteri occur in
this test well are believed to be part of the Ninuluk
Formation, but between them is a section of more than
400 feet of the Seabee Formation ; the upper occurrence
of the Ninuluk apparently owing its position to thrust
faulting. The Seabee Formation extends from 210 to
645 feet, and the beds carried some specimens of Neo-
bulimina albertensis (Stelck and Wall) and 7'rocham-
mina ribstonensis Wickenden, both species of Turonian
age. Specimens formerly considered to be Gaudryina
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irenensis Stelck and Wall (Bergquist, 1958a, p. 203)
are now placed questionably under Verneuilinoides sp.,
as the compressed tests are short and seemingly entirely
triserial. Similar tests occur at 745-750 feet in beds of
the Ninuluk Formation, but these were previously cited
as Gaudryine canadensis Cushman. Preservation of all
the tests is very poor, and reexamination indicates that
identification cannot be made with any certainty.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

The Verneuilinoides borealis faunal zone was pene-
trated at 1,035 feet, where the top is marked by the com-
mon occurrence of rather granular large dark-brown
tests of Verneuilinoides borealis Tappan, flattened and
somewhat twisted tests of Miliammina awunensis Tap-
pan, and flattened, long, narrow tests of Gaudryina
canadensis Cushman. These Foraminifera, together
with Inoceramus prisms, were found in the uppermost
15 feet of samples, but the succeeding 100 feet of section
was barren.

This is the characteristic sequence that prevails in the
upper part of the zone in the Umiat field, that is, barren
beds above a concentration of a larger microfauna
which includes the fossil horizon markers., The fossil
horizon markers appeared in normal sequence in test
well 10, and representative species of the Vernewili-
noides borealis fauna were fairly consistent from 1,145
feet to the bottom of the hole.

Only seven arenaceous Foraminifera and two cal-
careous species constitute the fauna of the Vernewili-
noides borealis zone in test well 10. Of these, Haplo-
phragmoides topagorukensis Tappan makes up approxi-
mately 39 percent of the faunal count, Verneuilinoides
borealis, 23 percent; Ammobaculites wenonahae Tap-
pan, 20 percent ; and 7'rochammina winiatensis Tappan,
7 percent. Two calcareous species account for only 1
percent of the fauna.

Although the specimens of Vernewilinoides borealis
in the upper beds were large, all those occurring in rela-
tive abundance below 1,370 feet are short and flattened
and have a narrow triangular outline. Haplophrag-
moides topagorukensis specimens show all degrees of
distortion from the normal shape, and they have con-
siderable size range; some specimens in the lower beds
arerelatively large for the species. Many of the Ammo-
baculites wenonahae specimens are broken or have been
shortened and slightly twisted by compression. 7'ro-
chammina wmiatensis specimens also show a range in
size from small to large forms. Many are fairly well
preserved, and a few are sufficiently filled with pyrite
that the tests have retained the normal @lobigerina-
like shape of the chambers. Compressed specimens are
dark colored in the area of the small initial chambers.
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UMIAT TEST WELL 11

The test was drilled on the downthrow side of a fault,
on Bearpaw Creek, about 3 miles N., 4° E. of the mouth
of Seabee Creek, and penetrated a section of more than
2,100 feet of Upper Cretaceous rocks and 1,200 feet of
Lower Cretaceous rocks. In the uppermost part, non-
marine sandstone and siltstone beds of the Tuluvak
Tongue are the youngest sedimentary rocks logged in
the Umiat field. Below this part from 545 to 2,040 feet
is the thickest section of the Seabee Formation pene-
trated in the subsurface. This section isin part fossilif-
erous. Below 2,040 feet, about 400 feet of sparsely fos-
siliferous and nonfossiliferous sediments are ascribed
to the Ninuluk and Chandler Formations. The lowest
few hundred feet of section is in the Tuktu and Grand-
stand Formations undifferentiated and in the Torok
Formation.

UPPER CRETACEOUS ROCKS (SEABEE FORMATION)

Pseudoclavulina hastata—Arenobulimina torula faunal zone

In the uppermost part of the Seabee Formation in
this test well, from at least 561 to 700 feet occurred
fragments of Pseudoclavulina hastata (Cushman) and
numerous flattened specimens of Arenobulimina torula
Tappan, two species which together are the character-
istic fossils of a thin zone found in the Ayiyak Member
of the formation. All the specimens of Pseudoclavulina
hastata are broken, but the segments are distinctive
enough to identify the species. Tests of Arenobulimina
torula are high spired, have oblique sutures that are
darker than the chamber walls, and have three or four
chambers in the last whorl; commonly the tests are
flattened to subtriangular. Five or six other species
of Foraminifera are associated with these two species,
and they occurred in a few ditch samples through 915
feet, but Haplophragmoides rota Nauss alone accounts
for nearly half of all specimens found.

A core at 1,080-1,050 feet furnished a few microfos-
sils, including two species of Foraminifera not found in
higher beds, but between 1,050 and 1,565 feet almost all
samples were barren. In the lower part of the Seabee
Formation (1,565-2,040 ft), a few additional Forami-
nifera and Radiolaria were found, including specimens
of Trochammina diagonis (Carsey) and Zextularia sp.
The specimens of 7extwlaria sp. were formerly identi-
fied as Gaudryina irenensis Stelck and Wall (Berg-
quist, 1958a, p. 204), but a restudy of all specimens at
X216 fails to indicate any triserial section. The tests
are tapered, compressed, and poorly preserved. Speci-
mens of 7rochammina diagonis, although compressed,
are recognized by their comparatively large size, numer-
ous chambers, and brown color.
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Most of the arenaceous specimens in the Seabee
Formation of this well have light-tan tests, and their
surfaces are obscured by surficial sand grains, which,
together with distortion of the tests by crushing, make
identification somewhat difficult. The radiolarian tests
of Cenosphaera and Spongodiscus are white and seem-
ingly well preserved for the genera.

Faunal counts for all specimens found in the Seabee
Formation of test well 11 indicate that Haplophrag-
moides rota Nauss constitutes nearly 39 percent of the
fauna. Three species of Trochammina (7. ribstonensis
Wickenden, 7. whittingtoni Tappan, and 7. diagonis
(Carsey)) account for 34 percent. of the faunal count,
and specimens identified as Zextularia sp. make up 10
percent. There are only three species of calcareous
Foraminifera in the fauna, and together the specimens
make up only about 2 percent of the count.

The small ammonite, Borissiakoceras ashurkoffae
Cobban and Gryc was found in cores at 1,230-1,235 feet
and at 1,427 feet. [noceramus shell fragments were
found in cores from 805-825 feet and at 1,015-1,025
feet ; Inoceramus prisms were in a few ditch samples.

Ninuluk Formation (2,040-2,190 ft *)

The upper 100 feet of Ninuluk Formation was barren
of microfossils, but in the lower part 7'rochammina
ribstonensis rutherford: Stelck and Wall was abundant
in cores at 2,135-2,145 feet and at 2,153-2,163 feet.
Specimens in both samples are flattened and have the
same color, texture, and preservation. In a sample
from 2,173-2,192 feet, small specimens of Spongodiscus
cf. Spongodiscus B were common. These fossils have
not been found in beds below the Ninuluk Formation.

LOWER CRETACEOUS ROCKS

Verneuilinoides borealis faunal zone

Tuktu and Grandstand Formations wndifferentiated
(2,420-3,075 ft).—In the Tuktu and Grandstand For-
mations undifferentiated, the top of the Verneuilinoides
borealis faunal zone is marked by common large speci-
mens of Verneuilinoides borealis Tappan and by flat-
tened tests of Psamminopelta subcircularis Tappan and
Miliamming awunensis Tappan all of which occur be-
low approximately 230 feet of the Killik Tongue. A
core at 2,529-2,545 feet carried abundant specimens of
Psamminopelta subcircularis and common Miliammina
awunensis, plus a few crushed specimens of V. borealis
and Gaudryine canadensis Cushman. Tubes of Di-
trupa cornu Imlay appeared first at 2,655-2,665 feet.
In the core at 2,701-2,721 feet were common occurrences
of distorted Haplophragmoides topagorukensis Tap-
pan, small V. borealis specimens, and both whole and
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broken tests of Ammobaculites wenonahae Tappan,
along with a few flattened and distorted specimens of
G. canadensis Cushman; tests of Lenticulina macro-
disca. (Reuss), Gavelinella stictata (Tappan), and
Praebulimina nannina (Tappan) and fragments of Di-
trupa tubes are a minor group in the sample. A single
crushed specimen of 7'rochammine wmiatensis Tappan
was found in a ditch sample at 2,695-2,700 feet, but in
ditch samples from 2,750-2,800 feet, the crushed and
distored tests of this marker species were common.
Small dark-brown tests of V. borealis and specimens of
H. topagorukensis were common in the same interval.
At 2,820-2,830 feet, flattened specimens of . canadensis
and pyritic and crushed specimens of Miliammina
awunensis were abundant. A very small rounded len-
ticular radiolarian (Spongodiscus? sp.) was common in
the same samples. Lower cores carried relatively few
Foraminifera, and the arenaceous specimens all have a
very granular appearance. The lowest core (2,989-
3,009 ft) wassandy and unfossiliferous.

Torok Formation (3075 ft to total depth).—The
ditch samples from the Torok Formation carried a small
fauna of the Verneuilinoides borealis zone, but much
of this could be contamination, especially in the samples
in which Trochammina umiatensis Tappan were found.
Haplophragmoides topagorukensis Tappan and Ver-
neuilinoides borealis Tappan were common in ditch
samples from 8,190-3,280 feet. The bottom-hole core
(8,290-3,303 ft) had common occurrences of Bathy-
siphon brosgei Tappan, Saccammina lathrami Tappan,
H. topagorukensis, V. borealis, Miliammina manito-
bensis Wickenden, and Gavelinella stictate (Tappan),
and a few specimens of each of eight other species of
the V. borealis faunal zone. Specimens of Miliammina
manitobensis are very well preserved and are about the
best specimens of the species found in any of the Umiat
wells.

GUBIK TEST WELLS 1 AND 2

Two test wells were drilled in 1951 on the Gubik anti-
cline, a structure that extends eastward to the Anaktu-
vak River from the confluence of the Colville and
Chandler Rivers. The tests penetrated Upper and
Lower Cretaceous rocks and produced commercial quan-
tities of gas from two sandstone beds that are separated
1,500 feet stratigraphically. Gubik test well 1 was
drilled near the apex of the anticline on the west side
of the Chandler River, about 1 mile above its mouth;
Gubik test well 2, also drilled on the west side of the
Chandler River, was located on the south flank of the
anticline at a point approximately 14 miles S. 53° E.
of test well 1.
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Descriptions of the cores and cuttings, core analyses,
formation tests, and drilling operations have been pub-
lished (Robinson, 1958a) as well as a brief résumé of
significant microfossils found in the cores and cuttings
(Bergquist, 1958b, p. 259-261). Since 1958, however,
changes have been made in names or identifications of
a few of the Foraminifera found in the Gubik wells.
These changes are as follows: In the Schrader Bluff
Formation, Nonionella austinana Cushman is now iden-
tified as Nonionella taylorensis Hofker, and specimens
of Verneuilinoides fischeri Tappan are for the most part
now listed as Gaudryina sp; in the Ninuluk Formation,
Gaudryina canadensis Cushman is now identified as
Gaudryina irenensis Stelck and Wall?, and 7rocham-
mina rutherfordi Stelck and Wall is now identified as
Trochammina ribstonensis Wickenden ; in the Vernewili-
noides borealis faunal zone, Ammobaculites fragmen-
tarius Cushman is identified as Ammobaculites we-
nonahae Tappan, Trochammina rutherfordi Stelck and
Wall is identified as Trochammina cf. T. gatesensis
Stelck and Wall, and Nanushukella umiatensis Tappan
is now identified as Conorboides umiatensis (Tappan).
Species counts for the microfossils are given on plate 24.

In both the test wells, thin surficial Pleistocene
deposits were found beneath which a sequence of about
3,300 to nearly 4,000 feet of the Colville Group was pene-
trated. Underlying the Upper Cretaceous beds, ap-
proximately 2,700 feet of the Nanushuk Group was
penetrated in test well 1 and a litle more than 1,000 feet.
of beds of the same group in test well 2. Foraminifera
and some Radiolaria occurred at intervals throughout
the Colville Group in both wells, but they were abundant
in only a few samples. Foraminifera were more com-
mon in the Nanushuk Group but were poorly preserved.

STRATIGRAPHIC PALEONTOLOGY

Lithologic and paleontologic data indicate that in the
Gubik test wells the youngest Cretaceous rocks are of the
Barrow Trail Member of the Schrader Bluff Formation.
Faunal zones are not well represented in the wells, a. fact
which may be due in part to prevailing poor preserva-
tion of the microfossils and in part due to assemblages
smaller than might be considered normal for the zones.
Without well-defined faunal zones, only the broader
aspects of the units can be determined from the
fossils, and contacts as such cannot be defined. For ex-
ample, Neobulimina canadensis Cashman and Wicken-
den was not. found in the Gubik wells, but the faunal
zone of that name can be recognized from associated
Foraminifera in the upper beds. These include 4nom-
alinoides pinguis (Jennings), Nonionella taylorensis
Hofker, Gavelinella tumida Brotzen, and E'oeponidella
linki Wickenden; only the first named occurred in any
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degree of abundance, however, and in only one sample.
Likewise the Pseudoclavulina hastata—Arenobulimina
torula faunal zone of the Seabee Formation was identi-
fied in test well 2 but not in test well 1, although the
equivalent rock beds must have been penetrated there
also.

Foraminifera found in the Schrader Bluff Formation
identify the rocks as Senonian. A few species of Radio-
laria of the sort occurring in the Barrow Trail Member
in Fish Creek test well 1 were found in Gubik test well 1
between 525 and 845 feet and in test well 2 between 760
and 1,060 feet. Rocks of Turonian age were identified
by the fossils Pseudoclavulina hastate (Cushman) and
Arenobulimina torula Tappan found in test well 2 be-
cause by comparison with other areas it is known that
these fossils are from an interval containing ammonites
of Late Cretaceous (early Turonian) age.

Although more than 1,500 feet of the section in the
Gubik wells may belong to the Seabee Formation, most
of the cores in this interval were barren, and few micro-
fossils were found in the ditch samples. An exception,
however, is the occurrence of numerous broken, elongate
coiled arenaceous tests in a core at 3,100-3,110 feet in
test well 2; these tests are doubtly referred to Gaudryina
irenensis Stelck and Wall?

A thin fossiliferous section, which mmy possibly
represent the Ninuluk Formation of Cenomanian age,
occurs at 3,310-3,352 feet in test well 1 and at 3,620~
3,640 feet in test well 2. In that interval were found
poorly preserved tests that are referred questionably to
Gaudryina irenensis Stelck and Wall and Z'rochammina
ribstonensis Wickenden or to Z'rochammina rutherfordi
Stelck and Wall, 7. rutherfordi now being regarded by
Mrs. Loeblich (Tappan, 1962) as a subspecies of 7.
ribstonensis. The crushed and distorted condition of
the tests of these arenaceous Foraminifera prevent posi-
tive identification, however, and these fossils from the
Gubik wells are referred to the Gaudryina irenensis—
Trochammina rutherfordi faunal zone of the Ninuluk
Formation with uncertainty.

The Verneuilinoides borealis faunal zone of Albian
age is the oldest fossil zone found in the Gubik wells.
The zone is best developed in test well 1, where it ap-
pears rather abruptly within a 100-foot interval and
then extends to total depth through nearly 2,200 feet
of section. Twenty-two species were found in the zone,
but 4 species account for 78.8 percent of the faunal
count. These are as follows: Zrochammina cf. T.
gatesensis Stelck and Wall, 33.6 percent; Vernewili-
noides borealis Tappan, 284 percent; Haplophrag-
moides topagorukensis Tappan, 10.6 percent; and
Trochammina wmiatensis Tappan, 6.2 percent. Five
other species, Gaudryinella irregularis Loeblich and
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Tappan, Gaudryina canadensis Cushman, Miliammina
isehnia Tappan, Reophax troyeri Tappan, and Val-
vulineria loetterlei (Tappan) together make up 14.6
percent of the fauna. Four species, Ammobaculites
wenonahae Tappan, Conorboides umiatensis (Tappan),
“Tritaxia” manitobensis Wickenden, and Globorotal-
ites alaskensis Tappan, constitute 4.5 percent, and seven
other species account for 1.5 percent. This fauna as
compared to the usual faunal assemblage of the 1.
borealis zone, has a conspicuous absence of good spec-
imens of the genera Ammobaculites, Psamminopelta,
and Miliammina.

UPPER CRETACEOUS (CENOMANIAN AND SENONIAN) ROCKS

Schrader Bluff Formation

In Gubik test well 1 the part considered by Robinson
(1958a, p. 214) to be the Barrow Trail Member (67—
295 ft) of the Schrader Bluff Formation is unfossilif-
erous except for a few /noceramus prisms in two or
three of the samples, but the Rogers Creek Member
(295-890 ft) carried a few Foraminifera of Senonian
age in the upper part, and three species of Radiolaria
(Spumellina) were common in a sample at 525-535 feet.
In a core at 721-741 feet, very poorly preserved, flat-
tened specimens of 7rochammina diagonis (Carsey)?
were common and tests of Dorothia? sp. were abundant.
The latter are small, tapered, and cylindrical; the
chambers are not inflated, and the sutures are flush
or slightly raised and are a darker brown than the walls.
Most specimens are broken or compressed; the largest
measures 0.4 mm in length. A few Radiolaria and
Foraminifera were found in the basal part of the mem-
ber, and Inoceramus shell fragments came from several
samples.

In Gubik test well 2 the Barrow Trail Member in-
cludes about 500 feet of beds so sparsely fossiliferous
that only one or two species of Foraminifera and scat-
tered Inoceramus shell fragments were found. In the
Rogers Creek section (555-1,135 ft) of the same well, the
Foraminifera are rare; but in a core at 810-820 feet,
poorly preserved, broken, compressed tests of Dorothia?
sp. were common. Small tests of Praebulimina venusae
(Nauss), a few distorted tests of Nonionella taylorensis
Hofker, and a few tests of Gavelinella tumida Brotzen
in ditch samples indicate the Senonian age of this sec-
tion. Specimens of Anomalinoides pinguis (Jennings)
found in these beds in both wells give further evidence
of a Senonian age as the species occurs in beds of
Navarro and Taylor age in Texas.

. Two species of milky-white Radiolaria, small spher-
ical Cenosphaera (Cenosphaera) sp. A and discoidal
Spongodiscus (Spongodiscus) sp. B were common at
780 feet and at 1,000 feet, respectively, in ditch samples
from Gubik test well 2. The solid, elliptical, milky-
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white shells of Spongurus (Spongurantha) sp. were
common at 1,060 feet. In all, about eight species of
Radiolaria occurred in the lower part of the Schrader
Bluff Formation, but most of these species were rela-
tively rare.

Schrader Bluff Formation and interbedded Schrader Bluff
and Prince Creek Formations

Tn Gubik test well 1, a few Foraminifera and Radio-
laria were found in ditch samples of the section, re-
ferred to the Tuluvak Tongue (Robinson, 1958a, p.
210), but the cores were unfossiliferous except for
Inoceramus fragments at 1,444-1457 feet and at 1,711-
1,738 feet. In Gubik test well 2 in the section from
1,185-2,010 feet, fossiliferous beds alternate with non-
fossiliferous beds and are herein considered as inter-
bedded parts of the Schrader Bluff Formation and the
Prince Creek Formation. Specimens of Dorothia
smokyensis Wall? and 7rochammina ribstonensis
Wickenden were common in a core at 1,340-1,351 feet,
and a flood of these two species of various sizes and
shapes occurred at the base of the core. Specimens
identified as D. smokyensis? (see fig. 49) range in size
from short, stout individuals to elongate, tapered, and
subeylindrical forms up to 1.5 mm long; some of the
elongate forms have a biserial chamber arrangement
in the later stage. Specimens are light tan, and many
have sharply defined chambers; most, however, are
flattened and distorted and have a granular texture
that obscures the chambers. Some of the specimens
from the core at 1,351 feet are listed as unfigured para-
types of Verneuilinoides fischeri Tappan by Mrs.
Loeblich (Tappan, 1962), but T believe these should
also be considered D. smokyensis?. This interpreta-
tion is justified because a suite of specimens from Gubik
test well 2 shows a size range, variation in shape, and
arrangement of chambers which is the same as those
given in the description of D. smokyensis Wall from
the Puskwaskau Shale and the upper part of the Kas-
kapau Shale (Wall, 1960), both of early Senonian age,
from Smokey River, Alberta.

Most of the tests of T'rochammina ribstonensis in the
sample from 1,351 feet are flattened, granular, light-
tan dises, but associated with them are small circular
trochoid specimens that have few chambers in the last
whorl and a few highly trochoid pyritized specimens
that are conical in peripheral view. All these conical
specimens may be young forms of 7' ribstonensis, as
the early part of the tests seem to have fewer chambers
than the adult stage. They closely resemble 7. alber-
tensis Wickenden from the Bearpaw Formation of
Alberta.

Crushed and distorted specimens of 7'. ribstonensis?
were common to abundant in core samples from 1,482
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with well preserved tests in samples from the Ninuluk
Formation in other areas. The fine-textured gray
tests of Saccammina lathrami are compressed and dis-
tored, and few have the normal circular outline.

As most of the standstone beneath the thin fossil zone
of Gaudryina and T'rochwmmina may be part of the
nonmarine Chandler Formation, a sequence of approxi-
mately 440 feet of beds lying above the Verneuilinoides
borealis faunal zone is considered as undifferentiated
Ninuluk and Chandler Formations. This designation
follows Robinson’s interpretation (Robinson, 1958a, p.
211) of the section.

LOWER CRETACEOUS (MIDDLE TO UPPER ALBIAN) ROCKS

Verneuilinoides borealis faunal zone

Beds of Albian age in the Gubik wells are those in
which the shallow-water marine Verneuilinoides bo-
realis fauna prevails. The V. borealis faunal zone in-
cludes rocks which might be considered the Tuktu
faunal facies of the Grandstand and Tuktu Formations
undifferentiated and a part of the Torok Formation.
The term Topagoruk Formation as used by Robinson
(1958a) is not considered applicable here.

In the upper part of the Verneuilinoides borealis zone
in the Gubik wells, the fauna is sparse and is composed
almost entirely of arenaceous species; the specimens are
generally very poorly preserved and are much like the
poorest found in some intervals of the zone in wells of
the Umiat field.

In Gubik test well 1 the first common foraminifer of
the faunal zone is Verneuilinoides borealis Tappan at
3,845-3,850 feet, about 110 feet below the top of what
Robinson (Robinson, 1958a, p. 214) designated the
Grandstand Formation. Specimens, however, are not
typical as they are small and poorly preserved. Frag-
ments of Ammobaculites wenonahae Tappan were
found in ditch samples from 3,805-3,870 feet, and tiny
flattened specimens of 7'rochammina cf. 7. gatesensis
Stelck and Wall occurred in numerous samples. This
species was very abundant in the core samples from
3,900-3,920 feet, where pyritic casts of “Zonodiscus”
sp. C and of Reophaw troyeri Tappan were common.
Distorted small tests of Haplophragmoides found in
ditch samples from 8,845-3,890 feet may be immature
forms of Haplophragmoides topagorukensis Tappan.

Tiny tests of Trochammina umiatensis Tappan ap-
peared first in test well 1 in a ditch sample from 3,885—
3,890 feet and were common to abundant in the afore-
mentioned core at 3,900-3,920 feet. Most of these speci-
mens are distorted and difficult to identify, but a few
pyritic casts match rather well with the smaller speci-
mens of 7. wmiatensis from wells in the Umiat field;
there the species is an important horizon marker in the

219

Tuktu faunal facies of the Grandstand and Tuktu For-
mations undifferentiated, and large specimens are easily
identified because the tests are very bulbous and show
a sudden expansion of the last four chambers. This
expansion is not well developed on the small specimens

from either of the Gubik wells.

A small size or dwarfed condition seems to be a char-
acteristic of many of the Foraminifera in the upper part
of the Verneuilinoides borealis zone of both wells. All
specimens of Verneuilinoides borealis are much shorter
than the typical form, and the sutures and outline of
the chambers are indistinct.

All the cores and most of the ditch samples between
3,955 and 4,305 feet in test well 1 were barren of micro-
fossils except for a very rare occurrence of a half dozen
badly preserved specimens in the core at 4,020-4,034
feet and except for one specimen of Frondicularia guest-
phalica Reuss, embedded in a chip of claystone from a
core at 4,269 feet. The specimen of F. guestphalica was
found by C. A. Everett, well geologist, during the drill-
Ing operations.

Most of the Foraminifera found in the upper part of
the Verneuilinoides borealis zone in test well 2 came
from samples grouped through 180-190 feet of section
(4,0604.,243 ft). Near the top of this interval were
fragments of the smooth, tapered shells of Ditrupa
cornw Imlay; high in the zone, in the core from 4,060
4,075 feet, flattened specimens of Haplophragmoides
topagorukensis were common, and fragments of Ammo-
baculites wenonahae and a few specimens of Vernewili-
noides borealis occurred in the same sample. Small,
very poorly preserved specimens of V. borealis were
common in two samples, at 4,150 feet and at 4,210 feet,
and pyritic casts of 7'rochammina wmiatensis were com-
mon at 4,210 feet and 4,225-4,230 feet. Some speci-
mens of the latter are a little larger than the average-
sized specimen found in test well 1, but none are equal
to the large bulbous specimens found in the Umiat wells
or in Fish Creek test well 1.

The predominantly shale sequence below 4,315 feet in
test well 1 and 4,395 feet in test well 2 has been referred
to the Topagoruk Formation by Robinson (Robinson
1958a, p. 212) but would be within the upper part of the
Torok Formation as used in this report. Species of the
Verneuilinoides borealis faunal zone were found
throughout these beds but only rarely was one relatively
abundant. In test well 1, small distorted tests of prob-
able Haplophragmoides topagorukensis were very
abundant in the first core at 4,352-4,372 feet and were
common in a ditch sample at 4,410-4,415 feet. Small
distorted tests of 7rochammina cf. T. gatesensis were
also common in the latter sample. Pyritic casts of a
stichocorythidian radiolarian (Dictyomitra sp.) were
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common at 4,375 feet and cannot be distinguished from
the pyritic casts that constitute an indefinite zone in the
lower beds of the Torok Formation and the “Oumalik”
Formation of the subsurface. Small compressed, and
somewhat granular tests of Vernewilinoides borealis
and small distorted tests of Haplophragmoides topa-
gorukensis were common in a core at 5,100-5,115 feet
and were abundant in a ditch sample at 5,270-5,280 feet.
As many of these specimens are as poorly preserved as
those in the upper beds of the V. borealis zone, they are
questionably identified.

Foraminifera were relatively few in samples from the
interval between 4,410 and 5,100 feet and from 5,115
feet to the total depth of test well 1. Exceptions, how-
ever, are the numerous small specimens of Haplophrag-
moides topagorukensis and very abundant small speci-
mens of Verneuilinoides borealis at 5,270-5,280 feet and
the very abundant specimens of 7'rochammina cf. 7.
gatesensis at 5,510-5,520 feet. Two cores (5,100-5,115
ft and 5,441-5448 ft) contained a few calcareous
Foraminifera from the Verneuilinoides borealis faunal
zone. Radiolaria in a core at 5,758-5,768 feet include
common specimens of Theocampe? sp., but Forami-
nifera were very rare. The lowest core at 5,982-6,000
feet had only a few specimens of 7'rochammina cf. 7.
gatesensis Stelck and Wall, one specimen of Conor-
boides wmiatensis (Tappan), and few questionably
identified specimens. In the samples from 225 feet of
clay shale (Torok(?) Formation) penetrated in the
lower part of test well 2, only a very few poorly pre-
served arenaceous Foraminifera were found, but all
were species of the V. borealis faunal zone. The last
two cores (4,502-4,522 ft and 4,600-4,620 ft) were
barren.
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