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Introduction to the Geology of the Nanushuk
Group and Related Rocks, North Slope, Alaska

By A. Curtis Huffman, Jr.

Abstract

The Cretaceous Nanushuk Group has long been
considered one of the major hydrocarbon plays on the
North Slope and as such has been the focus of a number
of investigations. The primary purpose of this four-year
study was to evaluate the reservoir potential of the Cre-
taceous Nanushuk Group in and adjacent to the National
Petroleum Reserve in Alaska (NPRA). This study sought
to apply modern stratigraphic concepts as well as up-to-
date geochemical, petrographic, and paleontologic
methods in evaluating the hydrocarbon, coal, and ura-
nium potential of the Nanushuk and related rocks. Pre-
liminary results were published in Ahlbrandt (1979),
which concentrated on the western North Slope. This
report is primarily concerned with the central North
Slope, although several preliminary regional syntheses
are presented as well.

The results of this and previous investigations indi-
cate that the Nanushuk Group was deposited as two
delta systems onto a shelf of marine shale of the Torok
Formation, which prograded into the Colville basin gen-
erally from west to east. Deposition of the western, or
Corwin, delta began in early Albian or perhaps late Ap-
tian time, and the delta prograded northeastward from
the vicinity of the De Long Mountains, Tigara Uplift, and
Herald Arch. The deltaic and shelf topsets can be traced
basinward into large foresets and coeval bottomsets of
the Torok Formation. Petrographic analyses confirm that
sediment of the Torok Formation is closely related to
that of the Nanushuk Group in the Corwin delta and
is quite different from the Nanushuk of the Umiat delta.

The Umiat delta was an elongate to lobate, river-
dominated delta, which prograded northward from the
vicinity of the Endicott Mountains, beginning in mid-Al-
bian time. Sandstones of the Umiat delta are dominantly
phyllarenite, as compared with the sedimentary lithare-
nite of the Corwin delta. The differences in sediment
type between the two depocenters reflect the sequence
of lithologies exposed in the various thrust slices of the
Brooks Range. The Endicott Group of the central Brooks
Range contains large thicknesses of Upper Devonian and
Mississippian quartzitic conglomerate and phyllitic shale,
whereas the sequences exposed in the western Brooks
Range are dominantly shale, limestone, and chert. Be-
cause the Umiat delta was not subjected to high temper-
atures and deep burial as was the Corwin delta, micro-
paleontological and palynological analyses have proven
valuable in the interpretation of its depositional environ-
ments.

A detailed model of the Umiat delta and related
deposits may be constructed through a combination of
sedimentology, paleontology, and seismology studies.
This model suggests that a belt of high-energy coastal-
barrier deposits trending northwest from the northern
edge of the Umiat delta may contain reservoir sand-
stones and stratigraphic traps.

INTRODUCTION

Much of the outcrop and subsurface work by the
U.S. Geological Survey and the U.S. Navy in the 1940’s
and 1950’s focused on rocks of the Nanushuk Group be-
cause the most significant oil field on the North Slope
prior to the discovery of the Prudhoe Bay field in 1967
was the Nanushuk field at Umiat (fig. 1), estimated by
Espach (1951) to contain as much as 122 million barrels.
The transfer of jurisdiction of Naval Petroleum Reserve
No. 4 from the U.S. Department of the Navy to the U.S.
Department of the Interior by the Naval Petroleum Re-
serves Production Act of 1976 changed the name to Na-
tional Petroleum Reserve in Alaska (NPRA) and called
for a reevaluation of the resource potential of the reserve.

As a part of this evaluation, the Nanushuk Group
and related rocks were studied by a team of U.S. Geologi-
cal Survey scientists from 1977 to 1981. Fieldwork for
this investigation was begun in the western part of the
North Slope in 1977, and preliminary results were pub-
lished in Ahlbrandt (1979). The 1978 and 1980 fieldwork
concentrated on the central and eastern regions, and many
of the results are presented in this report. Detailed meas-
ured sections from the western North Slope are described
in Huffman and others (1981a) and from the central North
Slope in Huffman and others (1981b).

Emphasis during this study has been on the interpre-
tation of depositional environments and their relationship
to one another and to reservoir potential. This regional
approach was necessitated by several factors: (1) The
Nanushuk Group was deposited in two large depocenters,
the Corwin delta of the western North Slope and the
Umiat delta of the central North Slope, with a region of
low sandstone content and meager exposures in between.
(2) No unit above the Torok Formation can be physically
traced the length of the outcrop belt. (3) Very few data

Introduction 1



1680 1660 164¢

158°

EXPLANATION

30 0 é
[
(10)

A\/\ LINE OF MEASURED SECTION

Tunalik 1o WELL LOCATION AND NAME

'—1— ANTICLINE —Dashed where approximately located
——x— SYNCLINE —-Dashed where approximately located

e
APPROXIMATE OUTLINE OF BASAL PART OF

OIL FIELD

GASFIELD |

r /: i

C o 14} ’f 5 o

i

NANUSHUK GROUP--Kukpowruk and Tuktu Formations ’,“

PALEOTRANSPORT DIRECTIONS DETERMINED FROM PLUNGE | j
ALONG AXIS OF SYMMETRICALLY FILLED NONMARINE i | i ! !
CHANNELS OF THE NANUSHUK GROUP-—-Number of ‘ i i ! ;

|
5

Percent of
reading measurements indicated by number in parentheses; arrow indicates
vector mean transport direction; percent of readings in each segment -
A’ of rose is to scale shown .

7 & o (

8 ®

N iy
e T (o
) b 5 KR

L] " 'ﬁ’

WOy ¥
B A ,.“" ’\;\%@
. o7 :
=

Y
B

e
for'sompoiy

+ SYNCL
/ ISYNCLINE o

i

100 KILOMETERS
1

Figure 1.

Index map showing the study area of Nanushuk Group rocks, locations of sections measured during

1977 and 1978, and locations of wells, western and central North Slope, Alaska.

have been found with which to precisely date or correlate
the units. The cross sections in figure 2 illustrate these
problems. Very few outcrops exist in the 150-km interval
separating the Carbon Creek and Kurupa anticline meas-
ured sections (fig. 1). The widely separated exposures that
are present in this region are predominantly shale and
mudstone.

By concentrating on genetic units, equivalent envi-
ronments can be compared between the two depocenters
without regard to time or formal nomenclature. A strati-
graphic nomenclature chart of the Nanushuk Group and
related units (fig. 3) illustrates some of the problems in-
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volved in trying to apply formal nomenclature to these
units on a regional basis. The correlations implied on this
chart are approximate at best.

During this study, a total of 25,000 m of section
at 33 localities (fig. 1) were measured, described, and
sampled in detail. Samples were collected for petro-
graphic, geochemical, and paleontologic studies. Relation-
ships observed in the surface exposures were combined
with subsurface and geophysical data to build a deposi-
tional model that was tested and perhaps modified by sub-
sequent drilling. Similar methods were used to project res-
ervoir properties into the subsurface.



1649

H i

! South B 5. i
South Barrpv}v’wﬁ /: g“,\ Barrow 2, 4, 5 11,13

’ Za, Avak 1
South Barrgw 9 4
;'f‘ 1

son 1
impson 2

ty

ot

A

3
3
i

— S H 1N .
. ‘Aufeis
i RESERV § g 3 ; Amoco Ay
SECT'O%\ A Aliﬁiif: obinclal :
e . i .
CREEK RWQK Solade 282 Little Twist

o 4

Figure 1.

Petrographic and palynologic studies were particu-
larly useful in the analysis and interpretation of deposi-
tional environments and their reservoir properties in the
Umiat delta. Projections of trends northward into the sub-
surface of the central North Slope could be accomplished
with some confidence based on petrographic and
palynologic analyses of subsurface material. These projec-
tions were combined with geophysical and well-log infor-
mation to produce a reservoir model.

The chapters of this report are arranged first region-
ally and then topically. In the chapter following the In-
troduction, Mull set the spatial and time framework for
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Nanushuk Group deposition in a discussion of the tec-
tonics and related deposition during the Early Cretaceous
in the central and eastern Brooks Range and North Slope.
Molenaar combined seismic data and well-log information
to construct a regional correlation and depositional history
for the Nanushuk Group. Huffman, Ahlbrandt, Paster-
nack, Stricker, and Fox analyzed depositional environ-
ments in surface exposures as well as from subsurface
data in the central North Slope and proposed a regional
model for the Nanushuk depositional system. Petrographic
results from the Nanushuk of the central North Slope,
reported by Bartsch-Winkler, show distinctive and signifi-
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cant differences from those of the western area. May and analyses. The final chapter, by Huffman, is a brief discus-
Shane described the depositional environments in part of  sion of the uranium potential of the Nanushuk Group and
the Umiat delta utilizing dinoflagellate, pollen, and spore  related rocks throughout the North Slope.
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Cretaceous Tectonics, Depositional Cycles, and the
Nanushuk Group, Brooks Range and

Arctic Slope, Alaska

By C. G. Mull

INTRODUCTION

The Nanushuk Group, consisting of sedimentary
rocks of Albian and Cenomanian Age, is widespread on
the Arctic Slope of Alaska, where it is a hydrocarbon
exploration objective in the National Petroleum Reserve
in Alaska (NPRA). A small oil field at Umiat and minor
gas accumulations elsewhere have been found in NPRA,
but the hydrocarbon potential seems to be limited by res-
ervoir quality. The study of the Nanushuk Group has had
as its major objective the understanding of the deposi-
tional processes, distribution, and diagenesis of the sand-
stone bodies that are the potential reservoir beds. The
Nanushuk Group represents the culmination of deposition
that started near the beginning of the Cretaceous as a re-
sult of the major orogenic event that formed the present
Brooks Range and its offshore extension beneath the
Chukchi Sea, the Herald arch. This report summarizes
the regional tectonic and depositional framework of the
Early Cretaceous orogenic belt and depositional basin as
an aid to understanding the character, distribution, and
deformation of the Nanushuk Group rocks. Other chapters
in this volume describe the Nanushuk in detail.

The generalized nomenclature and stratigraphic re-
lationships of sediments of Early Cretaceous and early
Late Cretaceous (Cenomanian) age of the western and
central Arctic Slope are summarized on figure 4. Creta-
ceous stratigraphy and more detailed nomenclature is
given by Detterman and others (1975) for the eastern
Brooks Range and by Detterman (1956) for the central
and western Arctic Slope. Generalized geologic maps of
the Arctic Slope and Brooks Range have been compiled
by Lathram (1965), Beikman and Lathram (1976), Beik-
man (1978), and Grybeck and others (1977).

The discussion of the tectonic evolution of the
Brooks Range is from data of many workers, including
Keller and others (1961), Detterman and others (1963),
Tailleur and others (1967), Snelson and Tailleur (1968),
Tailleur (1969), Tailleur and Brosgé (1970), Rickwood
(1970), Martin (1970), Brosgé and Tailleur (1970, 1971),
Tailleur (1973), Detterman (1973), Mull and others

'Presently with Alaska Division of Geological and Geophysical Surveys.

(1976), Mull (1977), Mull and Tailleur (1977), Roeder
and Mull (1978), Mayfield and others (1978), and Mull
(1979, 1982). It is augmented by concepts and interpreta-
tions of the author based on data available through 1982.

The onset of the Brooks Range orogeny is recorded
in Early Cretaceous deposits exposed within and adjacent
to the Endicott and De Long Mountains of the central
and western Brooks Range. These sediments record the
abrupt shift in sediment dispersal from a predominantly
northern source that persisted through the late Paleozoic
and early Mesozoic, to a major southern and southwestern
source derived from a Cretaceous orogenic belt.

Sediments from the orogenic belt were poured into
a developing foredeep, the asymmetrical Colville basin;
seismic data indicate that the total thickness of Lower Cre-
taceous and Cenomanian sediments may be 10,000 m.
The sequence records the progressive filling of the basin,
and it can be considered a typical gradational flysch-to-
molasse sequence.

This basin fill is divided into three stratigraphic se-
quences: a relatively thin lower sequence of stable plat-
form sediments, and two thick overlying sequences of
flyschoid and molassoid sediments. Although the se-
quences can be related to specific tectonic events in the
area of the Brooks Range and Arctic Slope, they also
seem to coincide generally with the Early Cretaceous
global eustatic cycles of Vail and others (1977, p. 85).
The basal sequence of platform sediments is well de-
veloped in the subsurface of the Arctic coastal plain and
is well exposed in the northeastern Brooks Range. It is
also present at the base of the Cretaceous on some of
the thrust sheets in the central and western Brooks Range.
The lower flyschoid sequence is present in outcrop on
the thrust sheets of the Endicott and De Long Mountains
and their foothills, in a few areas in the Philip Smith
Mountains, and in the subsurface of the northern foothills
province of the Arctic Slope. The upper sequence, which
contains the Nanushuk Group, is present only as part of
the autochthonous complex that underlies the northern
foothills and coastal-plain area of the Arctic Slope. The
generalized relationship of the various rock units, their
ages, and their interpreted basin positions are diagrammat-
ically illustrated in figures 4 and 5.

Cretaceous Tectonics and Depositional Cycles 7
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Figure 4.

Stratigraphic relationships of Lower Cretaceous deposits across the central Colville basin from

the Brooks Range to the Beaufort Sea. The Mount Kelly Graywacke Tongue of the Fortress Mountain
Formation is confined to the western Arctic Slope, and the Kongakut Formation and Bathtub Graywacke
are recognized only on the eastern Arctic Slope and in the Brooks Range. Dashed lines are time lines.

The stable platform sequence consists dominantly
of clay shale containing scattered pebbles and quartz
grains. Along the northern front of the northeastern
Brooks Range and in the subsurface of the northern Arctic
Slope a discontinuous sandstone and (or) conglomerate
forms the base of the sequence. A thin coquinoid lime-
stone horizon is interbedded with the shales locally on
the thrust sheets in the central and western Brooks Range
foothills.

The lower flysch sequence consists dominantly of
rhythmically alternating beds of sandstone, siltstone, and
shale; the more distal equivalents to the north are almost
entirely shale. It is of Neocomian to Aptian Age.

The upper sequence, referred to as the Albian and
Cenomanian sequence, consists of coarse proximal con-
glomerates on the south that rapidly grade northward into
basinal turbidites. The basinal deposits are succeeded by
prodelta muds deposited in advance of a prograding del-
taic complex, the Nanushuk Group, which represents the
molassoid culmination of the depositional cycle that began
in the Early Cretaceous. Along the margins of the basin
the upper sequence seems to be separated from the lower

8 Geology of the Nanushuk Group and Related Rocks, Alaska

flysch sequence by a disconformity or depositional hiatus,
but in the axial part of the basin the two sequences may
be gradational.

The Nanushuk Group, a wedge of deltaic deposits,
extends as a nearly unbroken outcrop belt from the Chuk-
chi Sea on the west to the Sagavanirktok River area on
the central Arctic Slope. It is also present in the subsur-
face of the Arctic coastal plain and beneath the Chukchi
Sea. Throughout this area the Nanushuk contains potential
hydrocarbon-reservoir beds. East of the Itkillik River, due
to a facies change to basinal deposits, the Nanushuk is
limited both in outcrop and in the subsurface, and has
little reservoir potential. East of the Okpilak River, in
the Arctic National Wildlife Refuge, little is known of
the Early Cretaceous. In this area the Cretaceous stratig-
raphy is inferred from offshore seismic data and from ex-
trapolations from the northern Yukon Territory of Canada.

Across the Arctic Slope, the southern part of the
Nanushuk’s outcrop belt has been detached from underly-
ing strata and folded into a series of long linear anticlines
and synclines that form a major décollement. To the
south, the anticlines have been breached through the
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Nanushuk, but to the north, fold amplitudes decrease and
the Nanushuk is unbreached.

PHYSIOGRAPHIC SETTING OF THE
NANUSHUK GROUP

The Nanushuk Group crops out in the northern
foothills part of the Arctic Foothills Province of northern
Alaska; it is widespread in the subsurface beneath the
coastal plain area of NPRA. Its outcrop belt extends
nearly unbroken for about 650 km from the sea cliffs of
the Corwin Bluff area on the west to the Sagavanirktok
River area of the eastern Arctic Slope (fig. 6). Across
this distance the province is characterized by generally

east-west-trending ridges and rolling upland terrain to an
elevation of about 960 m. The typical expression of the
Nanushuk and underlying strata is illustrated in figure 7.
The southern limit of the Nanushuk’s outcrop belt
is in many areas marked by a prominent south-facing es-
carpment rising above somewhat lower terrain in the adja-
cent southern foothills. The ridges and uplands of the out-
crop belt are broken by numerous generally northward
flowing streams and rivers, many of which rise in the
Brooks Range. On the west, four small rivers, the Pit-
megea, Kukpowruk, Kokolik, and Utukok, cross the out-
crop belt of the Nanushuk Group and flow into the Chuk-
chi Sea. These streams are relatively small, but in places
they and their tributaries are incised more than 500 m
into the Nanushuk terrain. As a consequence of this inci-

Cretaceous Tectonics and Depositional Cycles 9
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EXPLANATION

AUTOCHTHONOUS ROCKS
Colville Group (Cretaceous: Maestrichtian to Cenomanian)

Nanushuk Group (Cretaceous: Cenomanian to Aptian)

Fortress Mountain Formation (Cretaceous: Aptian to
Cenomanian). Kfmk, Mount Kelly Graywacke Tongue

Bathtub Graywacke and Kongakut Formation (Cretaceous:
Aptian to Neocomian)

Undifferentiated sedimentary rocks (Upper Triassic to Lower
Mississippian)

Undifferentiated metamorphic rocks (Middle Devonian to
Precambrian)

Granite (Cretaceous to Devonian)
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ALLOCHTHONOUS ROCKS—Arranged in order of super-

position

Misheguk Mountain and Copter Peak allochthons (Triassic to
Lower Paleozoic)

Nuka Ridge allochthon (Permian to Mississippian)

Ipnavik River allochthon (Lower Cretaceous to Middle
Devonian)

Kelly River allochthon (Lower Cretaceous to Mississippian)

Endicott Mountains allochthon (Lower Cretaceous to Upper
Devonian)

CONTACT —Dashed where inferred or concealed
—A—A_ THRUST FAULT—Dashed where inferred or concealed;

sawteeth on upper plate

—4——3—— ANTICLINE —Showing direction of plunge

EXPLORATORY WELL—Dry hole
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Figure 6 (above and facing page). Generalized geologic map showing the approximate distribution of the
Nanushuk and Colville Groups, major allochthons, and tectonic features of the Brooks Range. The Okpikruak
Formation, pebble shale unit, and Kemik Sandstone Members of the Kongakut Formation are not shown.
Anticlinal axes in the Chukchi Sea are from Arthur Grantz and Steven May (written commun., 1982).

sion, the exposures of the Nanushuk on the western Arctic
Slope are generally better than elsewhere on the Arctic
Slope. This western area is frequently referred to as the
Utukok-Corwin area and, because of its better exposures,
was the center of the initial outcrop studies in this project.

East of the Utukok-Corwin area, the Colville River
rises in the foothills of the De Long Mountains and has
a generally east and northeasterly course for more than
360 km to near Umiat, where it turns northward and flows
toward the Beaufort Sea. For more than 160 km, between
long 160° W. and 156° W., the upper Colville River flows

south of the outcropping Nanushuk Group. As a result,
the major Colville tributaries, which rise in the Brooks
Range, do not cross the Nanushuk. From near the conflu-
ence of the Etivluk River with the Colville and eastward
to the Umiat area, the Colville River crosses the outcrop
belt of the Nanushuk. The major tributaries to the Colville
in this area, the Kurupa, Killik, Chandler, and Anaktuvuk
Rivers, all of which rise in the high Endicott Mountains
to the south—are incised into the Nanushuk Group. This
area, referred to as the Chandler River area, contains fair
to good exposures along the major streams.

Cretaceous Tectonics and Depositional Cycles 11



Figure 7. Nanushuk Group and underlying Torok Formation on the western Arctic Slope. The relatively competent
Nanushuk is folded into a number of broad, gentle synclines. Note the scattered resistant beds that appear to
pinch out eastward in the underlying incompetent shale. View northeast across the upper Pitmegea River. Kn,
Nanushuk Group; Kt, Torok Formation. Short dashed lines, approximately located contacts; long dashed lines, anti-
cline (opposing arrows) and syncline (converging arrows). Syncline is approximately 15 km long.

North of the Colville River, exposures of the
Nanushuk Group are generally poor. This area, which en-
compasses about one-third of the outcrop belt of the
Nanushuk, is drained by the Kuk, Meade, Topagoruk,
Ikpikpuk, and Awuna Rivers and their tributaries. These
rivers all head in a low rolling terrain on the Nanushuk
about 300-500 m in elevation. The Kuk River trends
northwestward into the Chukchi Sea; the Meade, To-
pagoruk, and Ikpikpuk drainages flow northward to the
Beaufort Sea; and the Awuna flows eastward into the Col-
ville River. These streams have generally low discharge,
and, as a consequence, they do not incise the Nanushuk
deeply; this lack of erosion results in generally poor out-
crops. In addition, the detailed studies carried out in this
project suggest that the Nanushuk in the Kuk-Ikpikpuk
Rivers area may contain interdeltaic deposits (Ahlbrandt
and others, 1979). The resulting low-sand content of the
deposits thus may also have caused the small number of
outcrops in this area. As a result, only limited field studies
have been carried out in the Kuk-Ikpikpuk Rivers area
of the Nanushuk outcrop belt. Most of the knowledge of
the Nanushuk Group north of the foothills is derived from
subsurface data from exploratory wells and from seismic
data.

On the eastern Arctic Slope, east of the Itkillik
River, outcrops of the Nanushuk and correlative beds are
confined to several high mesalike hills, and to a few
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stream and river cutbanks. The rolling upland terrain
characteristic of the western part of the Nanushuk is pres-
ent only in a limited area in the vicinity of the
Sagavanirktok and Ivishak Rivers. The absence of the
Nanushuk on the eastern Arctic Slope is caused by a rapid
northeastward facies change to basinal shales, combined
with a northward swing in the trend of the mountain front
that brings to the surface these nonresistant sediments.
In addition, in contrast to the western Brooks Range, ex-
tensive Pleistocene glaciation in the eastern Brooks Range
resulted in mantling of extensive areas north of the moun-
tains by morainal and associated outwash deposits. Details
of the glaciation and glacial deposits are given by Detter-
man (1953), Detterman and others (1958), and Hamilton
and Porter (1975).

EVOLUTION OF THE BROOKS RANGE
OROGENIC BELT

Evolution of the orogenic belt forming the Brooks
Range, herein termed the Brooks Range orogenic belt,
began during Neocomian time. This belt apparently de-
veloped as a result of counterclockwise rotation of a crus-
tal plate composed of northern Alaska and adjacent areas
(Tailleur, 1969; 1973; Tailleur and Snelson, 1969;
Rickwood, 1970; Newman and others, 1979).



Paleomagnetic data and regional reconstructions suggest
that this plate, the Arctic Alaska plate (Tailleur and
others, 1976; Newman and others, 1979), moved relative-
ly southward and, at its southern compressional margin,
was obducted by oceanic crust at a south-dipping subduc-
tion zone (Mull, 1977, p. B31; Mull, 1982, p. 44; and
Roeder and Mull, 1978). The relationships of continental
and oceanic crust suggest that the orogenic belt developed
by underthrusting (Tailleur and Snelson, 1969), rather
than by the more commonly visualized mode of over-
thrusting. Underthrusting is the process by which slices
of sediment are progressively detached from a down-going
slab as it approaches a subduction zone (Seely and others,
1974). Following the stage of major crustal compression,
a period of dominantly vertical uplift resulted in major
modifications of the earlier structural style.

Neocomian and Aptian(?) Time

Tectonics

Underthrusting in the orogenic belt in the western
Brooks Range resulted in formation of multiple al-
lochthonous sheets of mafic igneous and sedimentary
rock; each allochthon is underthrust by rocks that were
formerly more northerly facies equivalents. Each al-
lochthon is composed of a distinctive suite of formations,
most of which maintain a relatively uniform character
within the allochthon but differ markedly from coeval for-
mations in other allochthons (fig. 8). Several major al-
lochthons can be traced for more than 400 km through
the De Long and western Endicott Mountains. In the cen-
tral Brooks Range, most of the allochthons that are pres-
ent in the western Brooks Range have been eroded so
that in most places only one, the Endicott Mountains (or
Brooks Range) allochthon, is present. Parts of some of
the structurally higher allochthons are present in isolated
areas, and abundant distinctive detritus in later Cretaceous
deposits attests to their former widespread presence. Dur-
ing the Neocomian, the stack of allochthonous sedimenta-
ry and minor igneous rocks may have been as much as
10 km thick, with an overlying sheet of imbricated mafic
to ultramafic rock that may also have been as much as
10 km thick.

Dating of the Orogeny

Fauna from orogenic sediments date the onset of
orogenic activity as Neocomian. At Ekakevik Mountain
(fig. 9) in the southern NPRA, autochthonous early Al-
bian conglomerates unconformably overlie and truncate
imbricated thrust sheets containing orogenic sediments of
Berriasian and Valanginian Age (see mapping by Tailleur

MISHEGUK MOUNTAIN ALLOCHTHON
Gabbro
Ultramafic rocks

THRUST FAULT

COPTER PEAK ALLOCHTHON
Basalt
Middle Devonian limestone, thin

THRUST FAULT

NUKA RIDGE ALLOCHTHON
Mudstone
Permian and Triassic cherty shale
Mississippian to Permian limestone, arkose, sandstone

THRUST FAULT
IPNAVIK RIVER ALLOCHTHON

Cretaceous wacke

Permian and Triassic chert, shale

Mississippian chert, shale, limestone, diabase sills

Middle Devonian limestone, thin

THRUST FAULT

KELLY RIVER ALLOCHTHON
(Southern facies)

ENDICOTT MOUNTAINS
ALLOCHTHON
(Northern facies)

Cretaceous wacke

Cretaceous wacke
Permian and Triassic

chert, shale § Permian and Triassic chert,
Mississippian crinoidal /\"Y shale

limestone, cherty & Mississippian crinoidal
Mississipian silty /;{F limestone (east),

limestone chert (west)

Upper Devonian quartzite,
conglomerate
Upper Devonian shale

THRUST FAULT

Other sedimentary rocks

THRUST FAULT

ARCTIC SLOPE AUTOCHTHONOUS COMPLEX
Middle and Upper Triassic Shublik Formation:
limestone, shale
Permian and Triassic Sadlerochit Group: sandstone,
conglomerate, shale
Mississippian and Pennsylvanian Lisburne Group

Lower Mississippian Kayak Shale and Kekiktuk
Conglomerate: shale, conglomerate, sandstone

Lower Paleozoic metamorphic rocks

Figure 8. Vertical superposition of the basal autoch-
thonous complex and the major allochthons in the
Brooks Range. In general, each allochthon, where
present, occurs in the same structural position rela-
tive to adjacent allochthons. Each allochthon repre-
sents a southern facies of rocks in the immediately
underlying allochthon and has been telescoped rela-
tively northward by thrust faulting over the underlying
allochthon or by southward underthrusting of the un-
derlying rocks.
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Figure 9. The Fortress Mountain Formation at Ekakevik Mountain (T. 10 S., R. 22 W.). A thick, uniformly south
dipping section of interbedded conglomerate, sandstone, and shale unconformably overlies (line on photograph)
a thrust-faulted terrane of Mississippian limestone, mafic igneous rocks, the Okpikruak Formation, and other rock
units. Facies changes over short distances are characteristic of the Fortress Mountain here. View to the east.

and others, 1966, and Mayfield and others, 1978). Facies
study of these conglomerates suggests alluvial-fan, fluvial,
and shallow marine deposition very near an active source
of coarse detritus (Hunter and Fox, 1976). Similar re-
lationships are seen at Castle Mountain and Fortress
Mountain on the central Arctic Slope and at Atigun
syncline, east of Galbraith Lake. The data suggest that
the major orogenic activity that formed the Brooks Range
was pre-Albian, beginning during Berriasian time, and
continuing into the Aptian.

Depositional Cycle and Nomenclature

Neocomian rocks are discontinuously exposed along
the entire north flank of the Brooks Range and in some
areas within the mountains, particularly in the western
Brooks Range. Thin Neocomian deposits are present in
the subsurface of most of the Arctic Slope. The relation-
ship of the various Neocomian rock units and the
generalized configuration of the Colville basin north of
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the central Brooks Range is diagrammatically illustrated
in figure 5, and by Carter and others (1977, fig. 5, p.
24-25).

In general, the depositional sequence coincides with
the worldwide global eustatic cycle of Vail and others
(1977, fig. 2, p. 85) that ended during middle Aptian
time (fig. 10). These cycles are described in the section
of this chapter on “Depositional cycle and nomenclature,”
in the section on “Albian and Cenomanian time.”

In the De Long Mountains and on the north flank
of the Endicott Mountains, the Neocomian sequence, con-
sisting dominantly of flysch, is known as the Okpikruak
Formation (Patton and Tailleur, 1964, p. 445-449).

On the gentle northern flank of the Neocomian dep-
ositional basin, stable platform sediments coeval with the
Okpikruak Formation are informally known as the “pebble
shale unit” (Alaska Geological Society Newsletter, 1978;
Bird and Andrews, 1979). Although these deposits are
sometimes referred to the Okpikruak, the name is inap-
propriate inasmuch as they bear little resemblance to the
thick flysch of the type Okpikruak. In outcrop in the
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northeastern Brooks Range, the beds were informally re-
ferred to as the pebble shale member of the Kongakut
Formation (Detterman and others, 1975, p. 21-25).

In the western part of the Arctic National Wildlife
Refuge, the Kemik Sandstone Member of the Kongakut
Formation (Detterman and others, 1975, p. 21) underlies
the pebble shale unit; the Kemik was formerly considered
a basal member of the Okpikruak Formation (Keller and
others, 1961, p. 196). In the Prudhoe Bay area, the Put
River Sandstone of Jamison and others (1981, fig. 13;
Mclntosh, 1977, figs. 5, 6, 16, 17) occurs in a similar
stratigraphic position.

Lithology and Distribution

The Okpikruak Formation is dominantly a thick
flysch sequence and is present in allochthonous sheets
throughout the De Long and Endicott Mountains. The
flysch consists of rhythmically interbedded shale and
sandstone (fig. 11), and pebble-to-boulder conglomerate
in some areas. In addition, a sedimentary chaos or olistos-
trome is locally present as part of the Okpikruak. The
olistostrome is composed of a heterogeneous assemblage
of exotic blocks of sedimentary and mafic igneous rocks.
Where well exposed, the blocks are clearly encased in

mudstone, graywacke, and associated channel conglomer-
ates at depositional, not fault, contacts (Mull and others,
1976). In some places, the blocks exceed tens of meters
in maximum dimension. A well-exposed outcrop of the
olistostrome is illustrated in figure 12.

At the base of the Okpikruak on some of the al-
lochthons in the western and central Brooks Range, a thin
section of clay shale and interbedded coquinoid limestone
of the stable platform sequence forms the base of the sec-
tion; the limestone characteristically weathers reddish
brown, and the shale is commonly maroon in color. In
the western De Long Mountains, a thin quartzose sand-
stone-siltstone unit is also locally present at this horizon.

Neocomian flysch is not known along the mountain
front of the northeastern Brooks Range. In contrast to the
flysch of the Okpikruak Formation, the pebble shale unit,
the Kemik Sandstone Member, and the Put River Sand-
stone of the northeastern Brooks Range and subsurface
Arctic Slope consist of stable platform deposits.

The pebble shale unit is present in the northeastern
Brooks Range and in the subsurface throughout the entire
northern Arctic Slope; its southern limit in the subsurface
is unknown. It consists of about 100 m of fissile organic-
rich clay shale containing scattered grains of medium- to
coarse-grained quartz and a few cobbles and boulders of
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Figure 11. Typical rhythmically interbedded sandstone

and shale of the Okpikruak Formation fchh,central and

western Brooks Range. Sandstone beds range from 10 cm to 15 cm thick.

chert, quartz, and quartzite. In outcrop it is exposed dis-
continuously from the Kemik Creek-Kavik River area
eastward through the Sadlerochit Mountains; its east-
ernmost known exposure is in the Niguanak River area
near Barter Island. Except where truncated by an overly-
ing unconformity, the pebble shale unit has been found
in most of the subsurface of the northern Arctic Slope.
Locally, the pebble shale unit is underlain by the
Kemik Sandstone Member of the Kongakut Formation.
The Kemik consists of as much as 40 m of very fine
grained quartzose conglomeratic sandstone. Facies study
suggests a shoreface-to-beach environment of deposition
and sediment derivation from a northern source area (Mull
and Kososki, 1977, p. B21, and unpublished data), in
contrast to the southerly derived turbidite deposits of the
siltstone member of the Kongakut Formation, which over-
lies the pebble shale unit and Kemik Sandstone Member
in the eastern part of the Arctic National Wildlife Refuge.
The Kemik Sandstone Member crops out in the Sad-
lerochit Mountains area, and along the mountain front as
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far southwest as the Echooka River area north of the
Philip Smith Mountains. This part of the Brooks Range
is autochthonous; thus, the Kemik is not involved in the
allochthonous part of the orogenic belt. It is not present
in outcrop southwest of the Echooka River, but was found
in the Atlantic Richfield Susie-1 and Nora Federal-1,
Mobil Echooka—-1, McCulloch Fin Creek-1, Forest
Kemik—1, and Amoco Kavik—1 exploratory holes (Tailleur
and others, 1978) drilled in the foothills belt between the
Canning River and Sagavanirktok River area.

The Put River Sandstone of Jamison and others
(1981; MclIntosh, 1977) is present locally in the eastern
part of the Prudhoe Bay oil field, where it consists of
as much as 22 m of conglomeratic sandstone. The upper-
most sandstone horizon in the Kuparuk Formation in the
Kuparuk oil field probably also correlates with the Kemik.
In NPRA, similar sandstones have been found in the Cape
Halkett—1, W. T. Foran—1, Walakpa—1, Peard-1, South
Meade-1, East Teshekpuk—1, and Ikpikpuk—1 exploratory
holes.
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Sandy conglomeratic
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Figure 12. Olistostrome on the north side of the west-
ern De Long Mountains, North Slope. Exotic blocks of
Mississippian limestone are encased in conglomeratic
mudstone and are overlain by poorly sorted boulder
conglomerate. Round limestone block in center is ap-
proximately 5 m high.

Thickness

In the western De Long Mountains, Sable and Man-
gus (1951, p. 11) reported a thickness of 500 m for the
Okpikruak Formation; Chapman and Sable (1954, p. 7)
and Mangus and others (1954, p. 9) suggested that its
total thickness could be as much as 1,500-1,800 m. Near
Anaktuvuk Pass on the north flank of the Endicott Moun-
tains, the formation is about 650 m thick (Patton and Tail-
leur, 1964, p. 447). In the Elusive Lake area, both
Brosgé and others (1979) and Keller and others (1961,
p. 197) reported more than 600 m of Okpikruak.

In contrast to these orogenic deposits, the coeval
stable platform deposits of the northern flank of the basin
are very thin. Throughout the subsurface of the Arctic
Slope and in outcrop in the northeastern Brooks Range,
the pebble shale unit is of remarkably uniform thickness,
about 100 m. However, in the British Mountains, Detter-
man and others (1975, p. 21, 25) reported a thickness

of 160 m. Where present, the underlying basal sandstone
and (or) conglomerate of the Kemik, Put River, or un-
named beds may reach a thickness of about 40 m but
in most places are much thinner.

Stratigraphic Relations

On the thrust sheets throughout the western and cen-
tral Brooks Range, Neocomian rocks unconformably over-
lie condensed deposits of early Middle Jurassic, Triassic,
and older age; the Jurassic Kingak Shale is not present
on the allochthons. In many places, flysch of the Okpik-
ruak is at the base of the section. However, on some
allochthons, the base of the Neocomian contains a thin
section of clay shale that in some places contains interbed-
ded coquinoid limestone. These beds were apparently de-
posited in a stable shallow platform setting prior to the
onset of subsidence and orogenic sedimentation. Similar
relationships are present at the base of the Cretaceous
within the mountains of the northeastern Brooks Range.

On the stable north flank of the basin, a major re-
gional angular unconformity is present at the base of the
pebble shale unit or at the base of the Kemik, Put River,
or unnamed sandstone, where present. The contact of the
pebble shale unit and Kemik is conformable and grada-
tional through a "2- to 1-m interval. In the subsurface
the basal unconformity truncates rocks as old as pre-Mis-
sissippian; in outcrops on the north side of the Sadlerochit
Mountains in the Arctic National Wildlife Refuge, the
pebble shale unit and Kemik Sandstone Member uncon-
formably overlie the Permian and Triassic Sadlerochit
Group. To the south, both in outcrops along the northeast
Brooks Range front and in the subsurface, the unconfor-
mity dies out and the amount of truncation decreases so
that thick sections of the Jurassic Kingak Shale are wide-
spread beneath the Cretaceous.

In the Colville basin, regional relationships indicate
that the orogenic belt and foredeep migrated progressively
northward (Snelson and Tailleur, 1968), so that earlier
orogenic deposits were themselves subsequently involved
in the orogeny and, in places, were in turn cannibalized
to form later deposits. The Okpikruak and related sedi-
ments likely prograded progressively northward over the
pebble shale unit and related rocks in the center of the
basin (fig. 5). Continuous deposition into the Albian may
have occurred in some areas; elsewhere in the basin the
top of the cycle may be a disconformity or nondeposi-
tional hiatus. This subject is discussed at greater length
in the section of this report describing Albian-Cenomanian
stratigraphic relations.

Toward the northern stable flank of the basin, the
pebble shale unit and related rocks are overlain by rocks
of the Albian to Cenomanian (Torok and Nanushuk) dep-
ositional cycle (fig. 5). The upper contact is sharp and
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represents the abrupt onset of Albian and older orogenic
sedimentation prograding over the subsiding platform. The
hiatus represented by this contact is probably relatively
short in the deeper parts of the basin, but to the north
may encompass a large part of the Aptian. In the Atigaru—
1, South Harrison Bay—1, and West Fish Creek—1 wells
in the northeastern part of NPRA, an unconformity at the
base of the Torok shows erosion of the entire pebble shale
unit. This relationship is illustrated in figure 5 and by
Molenaar (figs. 19 and 21, this volume).

Age

Based upon mollusk zonation in the central Brooks
Range, the Okpikruak Formation is considered to be both
Berriasian (Jones and Grantz, 1964, p. 1468) and Valan-
ginian in age (Brosgé and others, 1979, table 1). Sable
and others (1951), Sable and Mangus (1951), and Mangus
and others (1954) also reported Berriasian and Valangi-
nian fossils from the Okpikruak of the western Brooks
Range.

At the type section of the Kongakut Formation, the
Kemik Sandstone Member contains the Hauterivian am-
monite Simbirskites sp. (Detterman and others, 1975, p.
25). Elsewhere at three localities in the Sadlerochit Moun-
tains area of the Arctic National Wildlife Refuge, shale
horizons interbedded with the Kemik contain a microfauna
identified by M. B. Mickey (Biostratigraphics Inc., writ-
ten commun., 1981) as Hauterivian to Barremian (late
Neocomian) (table 1, localities 80AMu7-2, 80AMul6—
17, and 80AMu27-8). In addition, on a tributary of the
Kavik River, a horizon interpreted as an offshore marine
equivalent of the Kemik has yielded a microfauna iden-
tified as Neocomian by Anderson, Warren, and Associates
(written commun., 1978) (table 1, loc. 76AMull3-1).
Pelecypods from several localities in the Kemik of the
Sadlerochit Mountains area have been identified by J. W.
Miller and D. L. Jones as Astarte ignekensis Imlay,
Tracia stelcki McLearn, Entolium utokokense Imlay,
Panope(?) kissoumi McLearn, and Camptonectes detter-
mani Imlay of early and (or) middle Albian age (table
2, locs. 76AMul5-1, 76AMu27-4, 80AMul2,
80AMul14-10, 80AMul7, 80AMul9-3, and 80AMu22).
The close association of these pelecypod collections with
the microfaunal collections suggests that the pelecypod
fauna may have a longer range than previously recog-
nized.

Microfauna from the pebble shale unit of the Kon-
gakut Formation in the Sadlerochit Mountains area were
dated as Hauterivian to Barremian by M. B. Mickey
(Biostratigraphics, Inc., written commun., 1981) (table 1,
locs. 80AMu7-4, 80AMu8—4, 80AMul4-12, 80AMul6-
18, 80AMul6-18A, and 80AMu21).

Detterman and others (1975, p. 25) also reported
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a Neocomian (late Hauterivian and Barremian) age for
the pebble shale unit in the southern part of the Demarca-
tion Point quadrangle of the eastern Brooks Range. A Ju-
rassic microfauna reported in some collections was appar-
ently reworked from beds eroded at the regional uncon-
formity beneath the Kemik. In the northern Arctic Slope,
many wells have penetrated the pebble shale horizon;
many of these wells in NPRA yielded a definitive Neoco-
mian microfauna. Typical of this horizon are the faunas
from ditch cuttings in Kugrua-1 and Inigok-1 wells drilled
in NPRA (Anderson, Warren, and Associates, written
commun., 1979); these data are summarized on figure 13.

In the De Long Mountains, beds at the base of the
Cretaceous similar to the pebble shale unit have yielded
both micropaleontologic and palynological data reported
by Anderson, Warren, and Associates (written commun.,
1979) to be probably Neocomian (table 1, loc.
77AMul6). Elsewhere in the De Long and Endicott
Mountains these beds are also dated by the interbedded
coquinoid limestone. This limestone, composed of the
pelecypod Buchia sublaevis Keyserling, is dated as early
Valanginian (Imlay, 1959, p. 161, 165; Jones and Grantz,
1964, p. 1463).

Paleogeography

The generalized and inferred distribution of the
major northern Alaska tectonic elements present during
Neocomian and Aptian time is illustrated in figure 14.
The boundaries of the elements are approximate and are
intended to illustrate the basic concepts in the evolution
of the Early Cretaceous depositional basin in northern
Alaska.

To the north is the expanding Canada basin, formed
by the rotation of the Arctic Alaska plate. Movement of
this lithospheric plate apparently created an extensional
(pull-apart or Atlantic style) plate boundary consisting of
a broad zone of normal faults that are generally
downdropped to the north. This zone underlies the
Beaufort Sea continental shelf and slope and forms the
north edge of the Arctic Alaska plate. The Brooks Range
orogenic belt is the compressional plate boundary that
marks the southern edge of the Arctic Alaska plate.
Throughout the Brooks Range, the distribution and nature
of the Neocomian facies suggest a roughly east-west trend
to this orogenic belt. Beneath the Chukchi Sea, the exten-
sion of the orogenic belt is inferred to trend to the north-
west. However, control is sparse and is inferred in part
from the trends of the Herald arch (Grantz and others,
1970; Grantz, Holmes, and Kososki, 1976) and Tigara
uplift (fig. 6; Payne, 1955). A limited number of measure-
ments of flute casts and groove casts in Neocomian or
Aptian flysch in the Tigara uplift near Cape Lisburne
suggest current flow from west-northwest to east-southeast



(Mull, unpub. field data, 1974). Paleomagnetic data from
the Tigara uplift (Newman and others, 1979, and unpub-
lished data) do not suggest rotation of this area relative
to the remainder of the Brooks Range; thus the current
measurements are suggestive of a western rather than a
southern source of sediment for this area during Neoco-
mian to Aptian time.

During the Neocomian, the northern margin of the
central and western Brooks Range orogenic belt lay far
south of the present mountain front (fig. 14A4). In this
area, Neocomian orogenic deposits are widespread on al-
lochthonous sheets that were thrust long distances north-
ward prior to Albian deposition.

Stratigraphic  relationships  with  allochthonous
Neocomian rocks unconformably overlain by autochthon-
ous Albian rocks, such as at Ekakevik Mountain (figs.
6 and 9), document a progressive northward migration
of the orogenic front and foredeep during the Early Creta-
ceous. By Aptian time (fig. 14B), they are inferred to
have migrated northward to locations near or north of the
present western and central Brooks Range mountain front.
Only in the northeastern Brooks Range does the evidence
suggest that the orogenic belt and depositional trough lay
south of the present mountain front.

Between the Brooks Range on the south and the
Canada basin on the north lie the Colville basin and the
Beaufort sill (fig. 14). The name “Beaufort sill” is here
applied to the relatively narrow linear stable platform on
the north side of the Colville basin. This area has gener-
ally been known as the Barrow arch (Brosgé and Tailleur,
1969; Rickwood, 1970, Detterman, 1973, Morgridge and
Smith, 1972) or the Arctic platform (Payne, 1955, Brosgé
and Tailleur, 1970). Tailleur and others (1976) referred
to it as the Barrow inflection to emphasize the passive
nature of the subsidence on its flanks; it was not an active
uplift. The sill can be recognized in the Cretaceous out-
crops of the Sadlerochit Mountains area of the northeast-
ern Brooks Range, and can be traced in the subsurface
northwest to beyond Barrow. It received relatively little
sedimentation during the Early Cretaceous, and it sepa-
rates the deep asymmetrical foreland basin on the south
from the Canada basin to the north. The sill is the remnant
of the much larger Arctic platform or cratonic area that
was rifted during southward rotation of the Arctic Alaska
plate. Its form results from the combination of northward
onlapping mid-Paleozoic through Jurassic stable platform
sedimentation, which formed its southern flank, and the
Early Cretaceous rifting which formed its northern flank.
The term “Barrow arch” is deemed inappropriate because
in a structural-geology context, “arch” is defined as “a
broad open anticlinal fold of a regional scale; it is usually
a basement doming” (Bates and Jackson, 1980, p. 2).
“Arch” thus carries an implication of genesis that is not
supported by the structural and stratigraphic relationships
in this part of Alaska.

Albian and Cenomanian Time

Tectonics

Regional relationships indicate that the Early Creta-
ceous stage of intense crustal shortening in the Brooks
Range was followed by an episode of dominantly vertical
tectonics (Mull, 1977, p. B28-B31; 1979, p. 9-10), pos-
sibly related to remobilization of granitic plutons in the
southern Brooks Range. This event of predominantly ver-
tical uplift may be the result of isostatic rebound of conti-
nental crust deeply depressed beneath oceanic crust at the
south margin of the Neocomian orogenic belt. It coincides
with the deposition of the Nanushuk Group.

The greatest vertical uplift occurred in the Arrigetch
Peaks—Mount Igikpak area of the Schwatka Mountains in
the south-central Brooks Range. Here, granite gneiss in
two plutons is present in an area greater than 972 km?
(375 mi?), and as high as 2,600 m (8,510 ft), forming
the highest peaks of the southern Brooks Range (fig. 6;
mapping by Brosgé and Pessel, 1977; Nelson and
Grybeck, 1980). The amount of uplift appears to decrease
both to the east and to the west in the Baird Mountains,
where the Shishakshinovik, Redstone, and Kaluich plu-
tons are much smaller and occur at much lower elevations
than the Arrigetch-Igikpak pluton (see mapping by Pessel
and Brosgé, 1977; and Mayfield and Tailleur, 1978). Re-
gionally, the core of the range is a west-plunging anti-
clinorium that exposes autochthonous or parautochthonous
rocks flanked by allochthonous sheets. These allochthons
are particularly well defined in the Endicott and De Long
Mountains north and west of the core of the range.

Of particular significance is the allochthon that
forms the Endicott Mountains and extends from Feniak
Lake on the west to the Philip Smith Mountains on the
east (fig. 6). Evidence for this allochthon was given by
Mull and Tailleur (1977, p. B27-B29), Dutro and others
(1976), and Armstrong and others (1976). This allochthon
includes stratified rocks termed the “Endicott sequence”
(Mull, 1979, p. 11), the “Brooks Range sequence” (Mar-
tin, 1970; Mayfield and others, 1978), and the “Foothills
sequence” (Tailleur and others, 1966). Unfortunately the
geographic part of the name “Endicott sequence” is
preempted by the rock-stratigraphic name “Endicott
Group”. Therefore, to avoid confusion with this well-es-
tablished stratigraphic name, the sequence is here renamed
the “Endicott Mountains allochthon” for its occurrence in
that range. The Endicott Mountains allochthon consists
of a thick section of Upper Devonian quartzose sandstone,
quartz- and chert-pebble conglomerate, and shale (the
Kanayut Conglomerate and Hunt Fork Shale of the En-
dicott Group) overlain by Mississippian cherty limestone
of the Lisburne Group. Permian and Triassic siliceous
beds (Siksikpuk and Otuk Formations, Mull and others,
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Table 1. Microfaunal and palynological data from Lower Cretaceous rocks, North Slope, Alaska

[Identifications and dating by Anderson, Warren, and Associates, written commun., 1979, and Biostratigraphics, Inc., written commun., 1981.
C, common; F, frequent; R, rare]

Locality Stratigraphic Location Township and
No. position (quadrangles range Fauna and flora Age
scale 1:250,000)
75AMu99-1-- Lower part of Corwin Bluff, De Long NW1/4 Undifferentiated bisaccates Early Cretaceous
Nanushuk Group Mountains quadrangle, sec. 34 (F). Gardodinium trabeculo- (Aptian and Albian).
(Corwin Forma— western Arctic T. 6 S., sum (single), Muderongia
tion). Slope. R. 55 W. sp.—5 (R), Odontochitina
operculata (F), Oligosphae-
ridium complex (R).
75AMul00A-- Upper part of Pitmegea River area, SW1/4 Undifferentiated bisaccates Do.
Torok Forma— De Long Mountains sec. 11, (C). Cyclonephelium
tion. quadrangle, western T. 8 S., distinctum (R), Muderongia
Arctic Slope. R. 53 W. tetracantha (single),
Odontochitina operculata
(R), Oligosphaeridium
complex (F), O. c. (thick-
wall) (R), Palaeoperidinium
cretaceum (R).
75AMul00B~= —==—=m do—~—~——~ do SW1/4 Undifferentiated bisaccates Do.
sec. 11, (C). Gardodinium trabeculo—
T. 8 S., sum (single), Muderongia
R. 53 W. sp.=5 (single), Odontochitina
operculata (R), Oligosphaeri-
dium complex (F), 0. c. (thick-
wall) (R), Veryhachium sp. (R).
75AMulé6=-1-= —==——m do—————— South of Tuktu SEl/4 Undifferentiated bisaccates Early(?) Cretaceous
Bluff, Chandler sec. 25, (F), Osmundacidites sp. (R). (possibly Aptian
Lake quadrangle, T. 8 S., Odontochitina operculata and Albian).
central Arctic R. 2 W. (single), Palaeoperidinium
Slope. cretaceum (R), ?Pseudocera-
tium retusm (single),
Tasmanaceae (R).
75AMul6=2=-~ ~==——m do—————- South of Tuktu SW1/4 Bathysiphon vitta (F), Probably Early
' Bluff, Chandler sec. 25, Gaudryina cf. tailleuri (R). Cretaceous (Aptian
Lake quadrangle, T. 8 S., or older).
central Arctic R. 2 W.
Slope.
77AMul7-- Mount Kelly Eagle Creek, De Long NE1/4 Cyclonephelium distinctum Early Cretaceous
Graywacke Mountains quadrangle, sec. 13, (R), Gardodinium trabecu— (probably Aptian and
Tongue of western Arctic T. 9 S., losum (R), Oligosphaeridium Albian).
Fortress Slope. R. 46 W. complex (F), Palaeoperidinium
Mountain cretaceum (R).
(pre-Torok

sandstone).
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75AMu28-1-— Shale under-
lying Fortress
Mountain Forma-

Base of Fortress
Mountain, Chandler
Lake quadrangle,

tion. central Arctic
Slope.

75AMu28-3A—- do do

75AMu 28-3B~-~ —-—----do—-—————- do

75AMu29-- do do

75AMu 29—~ do do

77AMul6~-~ Beds similar Tingmerkpuk Mountain,
to pebble De Long Mountains

shale unit.

76AMu29-2-— Shale inter-
bedded with
Kemik sandstone
Member of
Kongakut
Formation.

80AMu7-4--  Pebble shale,
2 m above top
of Kemik Sand-
stone Member.

quadrangle, western
Brooks Range.

Ignek Creek, Mt.
Michelson quadrangle,
eastern Brooks Range.

do

SE1/4
sec. 2,
T. 10 S.,
Re 5 We

————dOo—————

W1l/2
sec. 21,
T. 10 S.,
R. 45 W.

NWl/4
secs 19,
T. 3 N.,
R. 25 E.

NW1/4
sec. 19,
T. 3 N.
R. 25 E.

Arenaceous spp. (F),
Bathysiphon vitta (R),
Glomospira corona (R),
Glomospirella gaultia

(R), Spongodiscus sp. (R).

Arenaceous spp. (R),
Bathysiphon sp. (R),
Glomospirella gaultina
(R), Haplophragmoides
sp. (R), shell frag-
ments? (C), fecal
pellets (F).

Cenosphaera spp. (F),

Lithocampe sp. (F),
fecal pellets (F).

Arenaceous sp. (R),
Haplophragmoides sp.
(R), Saccammina lathrami
(R), Inoceramus prisms (R).

Undifferentiated bisaccates
(C). Aptea polymorpha
(single), Cyclonephelium
distinctum (R), Odontochitina
operculata (R), Oligosphaeri-
dium complex (R), Palaeoperi-

dinium cretaceum (R).

Ammobaculites reophacoides,
Gaudryina tailleuri, Haplo-
phragmoides coronis, Cyclo-
nephelium distinctum, Oligo—
sphaeridium complex, Canningia/

Cyclonephalium sp.

Ammobaculites reophacoides,
Gaudryina tailleuri, G. mil-
leri?, Haplophragmoides
duoflatis.

Bathysiphon scintillata (F),
Conorboides cf. umiatensis
(R), Glomospira corona (R),
G. subarctica (F), Glomo-—
spirella arctica (F), Haplo-
phragmoides duoflatis (F), H.

coronis (F), H. inflatigrandis
.

Early Cretaceous
(Aptian or older).

Do.

Age not determined.

Probably Early
Cretaceous.

Early Cretaceous

(Aptian and Albian).

Early Cretaceous

(probably Neocomian).

Early Cretaceous
(Neocomian).

Early Cretaceous
(Hauterivian to
Barremian).
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Table 2. Megafossil data from Kemik Sandstone Member of Kongakut Formation, North Slope, Alaska

[Identifications and ages reported by J. W. Miller and D. L. Jones, written commun., 1981. C, common; F, frequent; R, rare]

Locality Stratigraphic Location Township and
No. position (quadrangles range Fauna Age reported
scale 1:250,000)
76AMul5-1 Upper half of North side of N1/2 Astarte ignekensis Imlay Early Cretaceous
(M7419). Kemik Sandstone Sadlerochit sec. 19, Thracia stelcki McLearn (middle Albian).
Member. Mountains, Mt. T. 4 N.,
Michelson R. 30 E.
quadrangle.
76AMu27-4 Upper part of Tributary of Katak- SE1/4 Astarte ignekensis Imlay Early Cretaceous
(M7420). Kemik Sand- turuk River, north sec. 6, (early to middle
stone Member. side of Sadlerochit T. 3 N., Albian).
Mountains, Mt. R. 28 E.
Michelson quadrangle.
80AMul2-- —————= do—————- Hogback ridge, upper SW1/4 Astarte ignekensis Imlay Early Cretaceous
Ignek Creek, south sec. 27, Ditrupa cornu Imlay (Albian).
side of Sadlerochit T. 3 N.,
Mountains, Mt. Michel- R. 26 E.
son quadrangle.
80AMul4-10--  —————-— do—————— Katakturuk River, El/2 Astarte ignekensis Imlay Early Cretaceous
south side of Sadlero- sec. 3, (early to middle
chit Mountains, T. 2 N., Albian).
Mt. Michelson R. 27 E.
quadrangle.
80AMul7-- Top of Kemik Marsh Creek, north SW1/4 Astarte ignekensis Imlay Early Cretaceous
Sandstone side of Sadlerochit sec. 18, Entolium utukokense Imlay (Albian).
Member. Mountains, Mt. Mi- T. 4 N., PanoEe(?) kissoumi McLearn
chelson quadrangle. R. 30 E.
80AMul9-3-- Float from do SWl/4 Camptonectes dettermani Imlay Early Cretaceous
upper part sec. 18, (middle Albian).
of Kemik Sand—- T. 4 N.,
stone Member. R. 30 E.
80AMu22-~ Upper half of do SEl/4 Astarte ignekensis Imlay Early Cretaceous
Kemik Sand- sec. 13, (early to middle
stone Member. T. 4 N., Albian).
R. 29 E.
80Amu8—-4—— Pebble shale Ignek Creek, Mt. wil/2 Ammodiscus mackenziensis Early Cretaceous
unit, composite Michelson quadrangle, sec. 27, (R), Arenaceous spp. (F), (Hauterivian to
sample 10-15 m eastern Brooks Range. T. 3 N., Bathysiphon scintillata Barremian).
above top of R. 25 E. (R), Gaudryina tailleuri

Kemik Sand-
stone Member.

(F), Haplophragmoides

duoflatis (F), H. coronis

(R), Trochammina squamata

(R).
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80AMul4-12-~

80AMu16-18~~

80AMul6-18A

80AMu21--—-

80AMu7-2~-~=

80AMu27-8--

76AMull3~1--

Pebble shale
unit, 3 m
above top of
Kemik Sandstone
Member.

Pebble shale
unit, 0.5 m
above shaly
siltstone of
Kemik Sand-
stone Member.

Pebble shale
unit, same
location as
above, comr
posite sample
7-13 m above
shaly siltstone
of Kemik Sand-
stone Member.

Pebble shale unit,
uncertain posi-
tion above Kemik
Sandstone Member.

Shale inter-—
bedded with
Kemik Sandstone
Member, approx-
imately 10 m
below upper
sandstone unit
of Kemik (same
location as
76AMu29-2).

Silty mudstone
interbedded
with sandstone
in top of
Kemik Sandstone
Member.

Shales,
stratigraph—
ically
equivalent
to Kemik
Sandstone.
Member.

Upper Kataktuvuk
River, Mt. Michelson
quadrangle, eastern
Brooks Range.

Marsh Creek,
Mt. Michelson
quadrangle eastern
Brooks Range.

Center of N1/2

sec. 3,

T.
R.

SEl/4

2 N.,
27 E.

sec. 19,

T.
R.

4 N.,
30 E.

Ignek Creek, Mt.
Michelson quadrangle,
eastern Brooks Range.

Tributary of Katak-
turuk River, Mt.
Michelson quadrangle,
eastern Brooks Range.

Kavik River area, Mt.
Michelson quadrangle,
eastern Arctic Slope.

NE1/4

sec. 13,

T.
R.

NW1/4

4 N.,
29 E.

sec. 19,

T.
R.

NE1/4

3 N.,
25 E.

sec. 32

T. 4 N.,

R.

NE1/4

28 E.

sec. 6,

T.
R.

1s.,
24 E.

Arenaceous spp. (large,

coarse) (F), Bathysiphon
scintillata (F), Conor-
boides cf. umiatensis

(R), Gaudryina tailleuri
(R), Glomospirella arctica

(R), Haplophragmoides
duoflatis (F), H. coronis

(F), H. inflatigrandis (F),

Trochammina cf. sablei (R).

Ammodiscus sp. (very small)

(R). Gaudryina subcretacea
(F), G. cf. tailleuri (R),
Haplophragmoides coronis
(C), Thuramminoides sp. (R).

Ammobaculites reophacoides

(R), Conorboides cf. umia-
tensis (R), Gaudryina
tailleuri (F), Haplophrag-
moides duoflatis (F), H.

inflatigrandis (R).

Ammodiscus mackenziensis (R),

A. cf. elongatus (R), Arena—
ceous spp. (large, coarse)
(F), Bathysiphon scintillata
(R), Gaudryina tailleuri (F),
G. tappanae (F), Glomospira
subarctica (R), Haplophrag-
moides duoflatis (F), H.
coronis (C), Thuramminoides
sp. (R).

Arenaceous spp. (C), Bathy—

siphon scintillata (F),
Gaudryina subcretacea (R),
G. tappanae (F), Glomospira
subarctica (F), Haplophrag-
moides coronis (C), H. good-
enoughensis (R), Lituotuba

allupi (R), echinoid spines
(R).

Ammobaculites reophacoides

(R), Arenaceous spp. (F),
Gaudryina tailleuri (R),
Haplophragmoides duoflatis
(C), H. coronis (F).

Ammodiscus mackenziensis,

Bathysiphon scintillata,
Gaudryina tailleuri, Glomo-—
spira corona, Glomospirella
arctica, Haplophragmoides
duoflatis, H. coronis,

H. inflatigrandis.

Do.

Do.

Do.

Do.

Probably Early Cre-
taceous (Neocomian,
undifferentiated).

Early Cretaceous
(Neocomian).
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1982) and a thin, distinctive Early Cretaceous (Valangin-
ian) coquinoid limestone form the top of the sequence.
The allochthon is as much as several kilometers thick;
Upper Devonian rocks make up at least one third of the
allochthon. It is widespread in the Endicott Mountains,
but crops out only in local fensters in the De Long Moun-
tains.

26 Geology of the Nanushuk Group and Related Rocks, Alaska

The mid-Cretaceous uplift of the core of the Brooks
Range resulted in refaulting and folding of the Endicott
Mountains allochthon, and development of regional north-
ern dip into the basin north of the range. Although the
folding and faulting resulting from this uplift appear com-
plex, by comparison with the thrust faults formed by ex-
treme crustal shortening during the Neocomian, they are



relatively minor in magnitude. Coincident with the uplift
of the core of the range was the accentuation of the Col-
ville basin, the deep successor basin north of the moun-
tains.

Grantz and others (1970) suggested that faulting
along the east margin of the Herald arch was younger
than the folds that warp the Albian beds to the east. How-
ever, stratigraphic data (discussed in the section on
“Paleogeography”) suggest that deformation along the
Herald arch and Lisburne Hills structural trends was prob-
ably occurring at the same time as uplift within the Brooks
Range.

Dating of Orogeny

Evidence from uranium-lead and rubidium-strontium
dating, regional structural-stratigraphic relationships (Mull
and Tailleur, 1977), and metamorphic relationships (Nel-
son and Grybeck, 1979) indicates that the plutons were
emplaced during the Paleozoic (Turner and others, 1979;
Dillon and others, 1980; Silberman and others, 1979;
Grybeck and Nelson, 1981). However, potassium-argon
dating of these plutons has yielded dates ranging from
88+4 m.y. to 98.8 2.7 m.y. (Senonian to Cenomanian)
(Pessel and others, 1973; Brosgé and Reiser, 1971; Turner
and others, 1978). Similar relationships have been
documented in the Romanzof Mountains in the northeast-
emn Brooks Range (Sable, 1977, p. 57). In addition,
Turner and others (1979) suggested that dates from the
300-km-long schist belt in the southern Brooks Range in-
dicate a pervasive thermal event that cooled to argon-re-
tention temperatures for micas in mid-Cretaceous time.

Paleontological data from the sediments resulting
from this orogeny is summarized in the section on “Age”
and in table 1.

Depositional Cycle and Nomenclature

Rocks of the Albian-to-Cenomanian depositional
cycle lie unconformably upon older sediments along the
margins of the Colville basin. Major rock units deposited
during this cycle are the Nanushuk Group, Torok Forma-
tion, Bathtub Graywacke, Fortress Mountain Formation,
and the Mount Kelly Graywacke Tongue (new name, this
report) of the Fortress Mountain Formation; their nomen-
clature and generalized relationships are diagrammatically
illustrated in figures 4 and 5.

Most of the Nanushuk Group deposition appears to
have taken place during the Albian, but paleontological
data, summarized in the section on “Age” and in table
1, from the Torok and Fortress Mountain Formations,
both at the surface and in the subsurface, suggest that
the depositional cycle began during the Aptian. Although
Aptian-age sediments are probably present at its base in
many areas, for convenience this cycle is referred to as
the Albian-to-Cenomanian cycle.

This depositional sequence coincides with the
generalized Aptian-to-Cenomanian eustatic cycle illus-
trated by Vail and others (1977, p. 85, fig. 2). They indi-
cate the end of one global eustatic cycle during the late
Aptian, and the beginning of another that continued
through the Albian into the Cenomanian. Figure 10, mod-
ified from Vail and others (1977), illustrates the two eus-
tatic cycles, which, in general, coincide with the Neoco-
mian-to-Aptian and Albian-to-Cenomanian depositional
cycles in northern Alaska. The relative drop in sea level
that separates the two eustatic cycles may coincide with
the stratigraphic break separating the Albian-to-
Cenomanian depositional cycle from older sediments
along the margins of the Colville basin.

The relationship of these northern Alaska deposi-
tional cycles to the global cycles may be more than coinci-
dence. Rona (1973), Vail and others (1977), Pitman
(1978), and many other authors have related eustatic sea-
level and ocean-volume changes to changes in elevation
or volume of midocean ridges, which in turn may be re-
lated to changes in the rate of sea-floor spreading. A pos-
sible relationship between the major Early Cretaceous
orogenic activity in northern Alaska and plate movement
in the Arctic has been mentioned by Rickwood (1970),
Tailleur (1973), and Newman and others (1979), and this
plate movement is assumed to have resulted from sea-
floor spreading and rifting in the Canada basin. However,
it is not known whether ocean-volume changes inferred
from tectonic activity in the Arctic would be sufficiently
large to be noticeable when combined with the effects
of spreading and orogeny elsewhere.

In northern Alaska, a major regression during dep-
osition of the Nanushuk Group, Torok Formation, and
Fortress Mountain Formation at a time of rising sea level
can be explained as a function of the rate of sediment
influx from the orogenic belt exceeding the rate of sea-
level rise and isostatic subsidence. Pitman (1978) pointed
out that regression on a passive plate margin may occur
as a result of a decreasing rate of sea-level rise. Such
a decrease could be related to a decreasing rate of sea-
floor spreading in the Arctic, which can, in fact, be in-
ferred from the evidence of waning orogenic activity dur-
ing Albian time in northern Alaska. In northern Alaska,
the relatively close proximity of the passive extensional
plate margin to the compressional margin and its orogenic
belt undoubtedly complicates the interpretation of the con-
trol of eustatic cycles on sedimentation.

Lithology, Thickness, and Distribution

Fortress Mountain Formation
Along the south flank of the Colville basin, the For-
tress Mountain Formation crops out discontinuously in a

narrow, nearly east-west-trending line of isolated mesas
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and buttes (figs. 6, 9). It typically consists of thick, proxi-
mal, cobble-to-boulder conglomerate that varies from well
sorted to chaotic and poorly sorted. The conglomerate is
interbedded with shale, siltstone, and sandstone. Very
rapid facies changes are characteristic. At Fortress Moun-
tain, its type locality, and at Castle Mountain, it is more
than 3,000 m thick (Patton and Tailleur, 1964). In the
Killik-Etivluk River area, Chapman and others (1964)
suggested a thickness of about 2,000 m. At other
localities, such as at Atigun syncline and Ekakevik Moun-
tain, it contains conglomerate of comparable coarseness
but in thinner sections. Hunter and Fox (1976) interpreted
the coarse beds at Ekakevik Mountain and Castle Moun-
tain as generally shallow marine to fluvial deposits. Clasts
consist dominantly of chert, fine-grained mafic igneous
rocks, quartzite, and minor amounts of limestone, and
they were apparently derived from erosion of the al-
lochthons that form the Endicott and De Long Mountains.
The associated sandstone is poorly sorted and very silty,
and contains argillaceous lithic graywacke. Other promi-
nent exposures along this trend, such as at Pingaluligit
Mountain near the Killik River, Smith Mountain near the
Etivluk River, and Liberator Ridge near the Kiligwa
River, consist dominantly of thick graywacke and only
minor conglomerate. Elsewhere along the Fortress Moun-
tain trend, exposures are few and are generally confined
to stream cutbanks; in these places, the formation consists
almost entirely of thinly interbedded rhythmic turbidites
of fine-grained sandstone, siltstone, and shale. The inter-
mittent distribution of coarse-grained fluvial to shallow-
marine facies that seem to grade laterally to submarine
fan deposits suggests a series of major depocenters of
coarse debris built out into the Colville basin. These dep-
ocenters probably coincide in general with the location
of the major outcrops of Fortress Mountain Formation
mapped north of the Endicott Mountains (fig. 6).

In the eastern Brooks Range, the Bathtub
Graywacke (Detterman and others, 1975, p. 25-28) is an
apparent equivalent of the lower Torok and the Fortress
Mountain. It consists of about 750 m of thin and rhythmi-
cally interbedded graywacke and shale. Graded beds and
flute casts and load casts are common; the unit represents
turbidites deposited on a submarine fan.

For nearly 100 km northward from the outcrop belt
of the Fortress Mountain Formation, little is known about
it. Information is available from only two exploratory
holes, Texaco East Kurupa-1, and West Kurupa-1, that
apparently reached this stratigraphic level but did not
completely penetrate the rocks representing the deposi-
tional cycle. In these wells, the section penetrated consists
predominantly of very fine grained, argillaceous, lithic
graywacke and shale. Although gas shows are common
in this part of the stratigraphic section, the rapid rate of
facies change observed in outcrop, the very dirty character
of the sediments, and the facies distribution indicating
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deposition of turbidites into a deep basin, suggest that
the horizon has very little reservoir potential in the axial
part of the Colville basin.

In NPRA, a number of exploratory holes have pene-
trated the Albian-to-Cenomanian depositional cycle. How-
ever, because of poor paleontologic control, the exact cor-
relation of the basal beds of the cycle with the Fortress
Mountain Formation in outcrop is uncertain. Typically,
the basal 100 m of the cycle contains a number of silty
and clayey sandstone beds, in contrast to a predominantly
shaly section above. This sandy section may be a distal
basin equivalent of the Fortress Mountain Formation, but
is here considered to be basal Torok Formation.

Mount Kelly Graywacke Tongue (new name) of the
Fortress Mountain Formation

In the southern foothills belt of the De Long Moun-
tains, a widespread unit of distinctive calcareous, mica-
ceous graywacke is in a stratigraphic position similar to
the Fortress Mountain Formation. These rocks were as-
signed to the Fortress Mountain by Chapman and Sable
(1960, p. 71-73) who noted (p. 71) that “No exact time
or stratigraphic correlations between these rocks and the
rocks in the type area of the Fortress Mountain Formation
are implied.” Because the lithology is quite different from
that of the type Fortress Mountain Formation, this rock
unit is here named the Mount Kelly Graywacke Tongue
of the Fortress Mountain Formation for its characteristic
development on Mount Kelly (sec. 21, T. 11 S., R. 50
W., Umiat meridian), considered its type locality. It is
distinguished from the main body of the Fortress Moun-
tain Formation by its calcareous cement and abundant de-
trital muscovite. The Fortress Mountain Formation is here
restricted to the sections of massive conglomerate, shale,
and noncalcareous, nonmicaceous graywacke and as-
sociated rhythmic turbidites present generally north of the
Endicott and eastern De Long Mountains. The generalized
distribution and the type locality of the Mount Kelly
Graywacke Tongue are shown on figure 6. Throughout
much of the western De Long Mountains foothills the
tongue is exposed on prominent, rather sharp rubble-
covered ridges; scattered well-exposed beds are on some
hillsides and in stream cuts. Nonresistant, poorly exposed,
gray silty shale and mudstone constitute 30-50 percent
of the tongue. A typical exposure of Mount Kelly
Graywacke Tongue is illustrated in figure 15.

Sandstone in the Mount Kelly Graywacke Tongue
ranges from very fine to coarse grained and is slightly
conglomeratic in some places. The sand is composed of
quartz, chert, lithic rock fragments and abundant musco-
vite flakes in an extremely argillaceous matrix. In thin
section, the grains consist of about 20 percent monocrys-
talline quartz, as much as 10 percent metamorphic quartz,
2040 percent lithic fragments, as much as 10 percent



Figure 15. Complexly folded and thrust-faulted beds of Mount Kelly Graywacke Tongue of the Fortress Mountain

Formation, in the foothills of the western De Long Mountains, Arctic slope. Resistant ridges in center of view are

about 1 km apart. View to the southwest.

chert and the remainder grains of muscovite, plagioclase,
magnetite, pyrite, pyroxene, and olivine (R. M. Egbert,
written commun., 1981). Limestone fragments constitute
30-75 percent of the lithic grains; metamorphic, volcanic,
and argillaceous sedimentary-rock fragments constitute the
remainder of the lithic component. Clasts of shale are
abundant in some beds; abundant carbonaceous material
is also seen at the top of some beds. Beds range from
3 to 6 cm in thickness and are interbedded with shale,
silty shale, and siltstone that commonly is not well ex-
posed. Many beds are massive and apparently homogene-
ous; however, graded and convolute bedding are common,
and flute, groove, and load casts are abundant. Other beds
have large- to medium-scale crossbedding; low-amplitude
current and oscillation ripples are abundant on the tops
of some beds; climbing ripples have been observed in a
few places. In general, the range of bedding features is
suggestive of turbidite deposition, but deposition in rather
shallow water is also evident.

No sections of the Mount Kelly Graywacke Tongue
have been measured; however, it may be as much as sev-

eral hundred meters in thickness in some areas. In most
places no top or base of the formation is exposed; it is
often structurally deformed by folding and apparent thrust
faulting so that no thickness determination is possible.

The base of the tongue seems to be an unconfor-
mity, although the base is everywhere obscured by cov-
ered intervals of varying extent. In various areas, the ex-
posures underlying the covered interval range from Trias-
sic chert, shale and limestone, to Jurassic clay shale, to
Neocomian clay shale and some coquinoid limestone. The
top of the tongue appears to be gradational and to inter-
finger with the overlying Torok Formation. Although ex-
posures are not good, this relationship is best seen on
aerial photographs of a southwest-plunging anticlinal nose
in T. 8 S., R. 46 W., between Poko Mountain and Igloo
Mountain. This area was referred to by Chapman and
Sable (1960, p. 71, 133, 134, and pl. 8) as the
Tingmerkpuk “high.”

The Mount Kelly Graywacke Tongue is dated as
Aptian and Albian (late Early Cretaceous) based upon a
flora obtained from shale interbedded with massive
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graywacke apparently near the center of the formation as
exposed at a locality south of Poko Mountain (table 1,
loc. 77AMul7). The apparently interfingering relationship
of the tongue and the Torok Formation also suggests that
the tongue is part of the Albian and Cenomanian deposi-
tional cycle.

The distinctive micaceous and calcareous character
of the Mount Kelly Graywacke Tongue suggests a differ-
ent source terrain than that which was the major source
of detritus for the remainder of the Fortress Mountain For-
mation. Clasts in the Fortress Mountain in general suggest
derivation from the multiple allochthons of sedimentary
and igneous rock comprising the De Long and Endicott
Mountains. The abundance of muscovite in the Mount
Kelly Graywacke Tongue suggests sediment derivation
from a western extension of the schist belt that forms
the southern margin of the Brooks Range. This belt is
composed predominantly of quartz muscovite schist and
associated calcareous schist. In the central Brooks Range,
regional structural evidence suggests that the schists were
deeply buried by the overlying allochthons and were not
exposed to erosion during the Albian. However, in the
western Brooks Range, evidence suggests that the schists
may also have been involved in the allochthons of that
area.

Torok Formation

In NPRA, seismic and subsurface data indicate that
the Torok Formation is more than 2 km thick and is a
record of the progressive filling of the Colville trough.
The Torok consists predominantly of shale that is silty
and hard in many places. In outcrops in the southern part
of its area, it interfingers with the underlying Fortress
Mountain Formation and the Mount Kelly Graywacke
Tongue. It appears to represent turbidite deposition in the
axis of the Colville basin. In many places in the subsur-
face, the lower part of the Torok consists of more than
1,000 m of rhythmic turbidite lacking paleobathymetric
indicators. The nature of the sediments and the general
absence of calcareous microfauna suggest submarine fan
deposition below carbonate compensation depth. Upward
in the section, the Torok may represent prodelta deposits
in advance of the prograding deltaic deposits of the
Nanushuk Group.

The Torok Formation thins to the northeast but is
present across most of the Arctic Slope, with the excep-
tion of the northeastern Arctic Slope and the southern
foothills belt. Many of the areas in which the Torok is
absent in the northeastern Arctic Slope are high on the
flank of the Beaufort sill and are apparently beyond the
Torok depositional limit. In this area, the Torok progres-
sively onlapped but did not overstep the crest of the sill
(fig. 5B). Elsewhere, in parts of northeastern NPRA and
the Beaufort Sea, the Torok may have been truncated by
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an overlying unconformity. In the southern foothills belt,
it is absent by Holocene erosion.

Nanushuk Group

From the Chukchi Sea to the area of the Colville
River, the Torok Formation grades upward into deltaic
deposits of the Nanushuk Group. The Nanushuk grades
upward from shallow marine to nonmarine deltaic sedi-
ments and represents the final filling of the Colville basin
by a prograding deltaic complex. The relationships of the
Torok and Nanushuk across NPRA are illustrated in figure
5, and by Molenaar (figs. 18-22, this volume).

The Nanushuk Group forms a nearly unbroken out-
crop belt from the Chukchi Sea on the west to the
Sagavanirktok River on the east (fig. 6); this outcrop belt
constitutes the northern foothills belt of the Brooks Range.
In many areas a prominent escarpment formed by the re-
sistant, gently north dipping clastic rocks of the Nanushuk
marks the southern limit of the Nanushuk. Regionally
these rocks dip gently into the subsurface beneath the Arc-
tic coastal plain and are present throughout most of the
northern part of NPRA. In NPRA the Nanushuk is absent
only in the Brooks Range, the southern foothills belt
(where it was removed by Holocene erosion), in a limited
area near Barrow (where it is absent due to an overlying
unconformity), and to the northeast (beyond its deposi-
tional limit). Its original southern depositional limit is un-
known.

Inasmuch as details of the Nanushuk of the central
and western Arctic Slope are discussed by Ahlbrandt and
others (1979), Bartsch-Winkler (1979), Bird and Andrews
(1979), Fox (1979), Huffman (1979), and in other papers
in this volume, similar discussion is not repeated here.

Nanushuk Group, eastern Arctic Slope

On the Arctic Slope east of the Sagavanirktok
River, rocks of the Albian and Cenomanian depositional
sequence are limited and consist of a markedly different
facies than the Nanushuk Group to the west. Major expo-
sures are limited to a mesalike syncline east of the Ivishak
River and to cutbanks along its west bank. In this area
the sediments are rhythmically interbedded shale and
sandstone, in many places with well-developed graded
bedding and sole markings, suggesting turbidite deposition
in a submarine fan setting. Apparently correlative beds
in the subsurface also appear to be basinal deposits.

In the Arctic National Wildlife Refuge east of the
Canning River, submarine fan deposits possibly correla-
tive with the Nanushuk are present along Arctic Creek,
between the Sadlerochit and Hulahula Rivers in the Sad-
lerochit Mountains area (Reiser and others, 1971). East
of the Hulahula River, Reiser and others (1978) have rec-



ognized rocks that may also be correlative with the
Nanushuk. However, the area is remote from the typical
Nanushuk outcrop area, well control is sparse, correlations
are uncertain, and other major changes in structure and
stratigraphy are known to exist. Data from the Yukon Ter-
ritory (Young and others, 1976) suggest that only Albian
flysch is present in the British Mountains.

Stratigraphic Relations

A sharp depositional break marks the top of the Al-
bian and Cenomanian cycle in some areas. In the Umiat—
Chandler Lake area, deltaic sediments of the Nanushuk
Group are overlain by the dominantly marine Upper Cre-
taceous deposits of the Colville Group (Brosgé and Whit-
tington, 1966, and Detterman and others, 1963). To the
east, in the Sagavanirktok-Ivishak River area, continuous
deposition may have prevailed from the Nanushuk into
the Colville Group. To the west of the Umiat area, a
Holocene erosion surface marks the top of the Nanushuk.

The unconformity at the base of the cycle is clearly
evident in outcrop mapping along the basin margin. At
localities such as Castle Mountain and Ekakevik Mountain
(figs. 6, 9) on the central Arctic Slope, proximal con-
glomerate of the Fortress Mountain Formation overlies a
major angular unconformity. Under the Arctic coastal
plain in northern NPRA, well penetrations also reveal a
sharp break between the distal sediments of the Torok
Formation and the underlying sediments on the gentle
north flank of the Colville trough. This contact may be
a nondepositional hiatus in much of the area, but locally
it is an erosional unconformity. Typical subsurface log
character and paleontologic data at this basal contact are
shown in figure 13.

In the central Colville basin beneath the foothills
province, no wells have penetrated the basal contact of
the Albian depositional sequence, and here the nature of
its base is unknown. However, if the magnitude of eusta-
tic sea-level lowering during the Aptian was great enough,
it is possible that a disconformity may separate the de-
posits of the two cycles throughout the Colville basin.

Alternatively, continuous deposition throughout the
Early Cretaceous can be inferred in the axial part of the
Colville basin. In outcrops between the Sagavanirktok
River and Elusive Lake, rocks mapped as the Okpikruak
and Fortress Mountain Formations by Keller and others
(1961, p. 196-200, pl. 21) and by Brosgé and others
(1979) total at least 2,000 m of interbedded shale, silt-
stone, graywacke, conglomeratic sandstone, and conglom-
erate. Keller and others (1961, p. 196) noted that the Ok-
pikruak is indistinguishable from the overlying Fortress
Mountain Formation, although the rhythmic alternation
that characterizes the Okpikruak is lacking in the Fortress
Mountain. Formation contacts appear to be gradational.

Within the depositional cycle, the stratigraphic re-
lationships seem to be entirely gradational. The Fortress
Mountain Formation interfingers both northward and stra-
tigraphically upward with shale of the Torok Formation.
Similarly, the marine Torok interfingers with the
overlying Nanushuk Group.

Age

Relatively abundant foraminifera and palynomorph
assemblages from shale in the upper part of the Torok
Formation and from the Nanushuk Group date these rocks
as middle Albian to Cenomanian (Sliter, 1979; and May,
1979). Microfossil data and megafossils (which include
ammonites) date the Fortress Mountain Formation as early
Albian (Patton and Tailleur, 1964, p. 456-458). Data for
the lower part of the depositional cycle (lower Torok and
Fortress Mountain Formations) are limited; fossils consist
dominantly of pyritized radiolaria and some agglutinated
and calcareous foraminifera. Radiolarian fauna from two
wells in NPRA are tabulated in figure 13; the fauna is
considered to be Aptian and early Albian (Anderson, War-
ren, and Associates, written commlin., 1979). However,
C. M. Molenaar (written commun., 1980) pointed out that
in some areas on the northern flank of the basin, strata
inferred to be Aptian can be traced on seismic records
up foresets into strata yielding an Albian fauna. Outcrop
samples from a number of localities, tabulated in table
1, have also yielded foraminifera and (or) palynomorph
assemblages considered to be Aptian or Aptian and Albian
age by Anderson, Warren, and Associates. Although the
faunas may be time transgressive, some localities contain
forms restricted to Aptian rocks in the Canadian Arctic
(M. B. Mickey, Biostratigrapics, Inc., oral commun.,
1981).

Paleogeography

The generalized distribution of the major tectonic
elements at the end of the Albian and Cenomanian deposi-
tional cycle is shown in figure 16. In general, the margin
of the Canada basin and the Brooks Range orogenic front
appear to have been in positions approximating those in
the Aptian, reflecting the shift to dominantly vertical up-
lift in the mountains. However, a major change in the
form of the Colville basin is evident. During the Neoco-
mian and Aptian, the Colville basin was apparently a
linear trough parallel to the orogenic front, but by
Cenomanian time, progradation of the Torok Formation
and the deltaic Nanushuk Group resulted in a basin re-
stricted to the eastern Arctic Slope. Northeastward and
eastward progradation is indicated by a combination of
outcrop, subsurface, and seismic studies (Payne, 1951;
Chapman and Sable, 1960; Ahlbrandt and others, 1979,
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Figure 16. Diagrammatic map of major tectonic elements near the end of Albian time in what is now northern
Alaska, showing inferred trends and approximate boundaries of elements.

p. 14-25; Bird and Andrews, 1979, p. 3740, figs. 15,
18; Mull, 1979, p. 10). In the Barrow area, the deltaic
wedge prograded over the crest of the Beaufort sill, so
that detritus from the orogenic belt was, for the first time,
deposited onto the oceanic crust of the Canada basin.
However, on the eastern Arctic Slope, the Beaufort sill
remained high relative to the basin to the south, and in
the area from Prudhoe Bay to the Sadlerochit Mountains
the sill received little sedimentation during the Albian-to-
Cenomanian cycle.

Ahlbrandt and others (1979) recognized a deltaic
complex, the Corwin delta, that dominates the Nanushuk
of the western Arctic Slope. The progradation of this delta
suggests a major sediment source to the west or southwest
of the western Arctic Slope as well as a source of sedi-
ment from the Brooks Range to the south. The Tigara
uplift (Payne, 1955) in the area of Cape Lisburne, and
its offshore extension beneath the Chukchi Sea, the Herald
arch (Grantz and others, 1970, 1976), were probably a
major source of detritus for the Corwin delta.

In the Brooks Range foothills of the central Arctic
Slope (Chandler River to Sagavanirktok River area), the
generalized Albian facies trends suggest northward progra-
dation. Both the Nanushuk Group and the Fortress Moun-
tain Formation have nearly east-west trends of outcrops
(fig. 6) that appear to be generally comparable in thick-
ness and facies. To the north the Nanushuk becomes thin-
ner and finer grained. Current measurements in fluvial
sandstones define a lobate deltaic complex, named the
Umiat delta, which also appears to prograde generally
northward (Huffman and others, this volume). The east-
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west facies trends and the form of the Umiat delta suggest
sediment derivation from the east-west-trending Endicott
Mountains.

Between Shainin Lake and the Sagavanirktok River,
the Brooks Range front trends slightly to the northeast.
East of the Sagavanirktok River the front trends about
N. 40° E. for more than 100 km to form the major north-
east salient of the Philip Smith, Franklin, Romanzof, and
British Mountains of the eastern Brooks Range. Because
of this salient, the eastern Brooks Range mountain front
is more than 120 km further north than the mountain front
at Anaktuvuk Pass. But, east of the Sagavanirktok River,
the structural trends mapped by Brosgé and others (1979)
continue into the Philip Smith Mountains toward Por-
cupine Lake on a trend of about N. 70° E., and are not
parallel to the mountain front. In addition, Albian facies
trends intersect the mountain front near the Sagavanirktok
River. Where the mountain front begins to change to its
northeasterly trend, the Fortress Mountain and Nanushuk
facies maintain their generally east-west trend. In the
Chandler River area of the central Endicott Mountains,
coarse Fortress Mountain conglomerates are 20 to 25 km
north of the mountain front, but at Atigun syncline, they
are at the eastern Endicott Mountain front. Similarly, in
the Chandler River area, Nanushuk facies are more than
40 km north of the front, but at Marmot syncline north
of the eastern Endicott Mountains, similar facies are only
10 km north of the mountain front. The convergence of
these trends is illustrated in figure 7.

In summary, regional structural trends suggest that
the source of Nanushuk sediment was an upland area,



probably having a generally east-west trend that changed
to a N. 70° E. trend in the eastern Brooks Range. The
data of Huffman (1979), Bartsch-Winkler (1979), and
Ahlbrandt and others (1979), and in this volume from
the central Arctic Slope suggest a discrete delta lobe pos-
sibly related to one major drainage system. The highlands
probably persisted eastward, but at some distance south
of the mountain front that forms the salient of the present
northeast Brooks Range. The eastern limit of this trend
is unknown, but the thin and relatively fine grained Albian
sediments in the Canning-Sadlerochit Rivers area suggest
that Albian uplands lay some distance south of the present
mountain front or had much less relief than to the west.

Provenance

The nature of the rocks forming the Herald arch
beneath the Chukchi Sea is unknown. However, the Tig-
ara uplift and the remainder of the Brooks Range have
been mapped in fair detail. The nature of the allochthon-
ous rocks that were the source terrain for at least part
of the sediment in the Nanushuk of the western Arctic
Slope (Mull, 1979, p. 10-12) is summarized below.

In general, the structurally low allochthons of the
western Brooks Range are composed of Mississippian to
Triassic sedimentary rocks, dominantly chert, limestone,
and shale, some of which is silicified. Lower Cretaceous
graywackes are present on most of the allochthons. The
structurally higher allochthons contain more siliceous sedi-
ment and abundant mafic igneous rock; the highest al-
lochthon is composed dominantly of gabbroic to ul-
tramafic igneous rock (Roeder and Mull, 1978). The
characteristics of the allochthons are summarized in figure
8; their generalized distribution is shown in figure 6. In
general, the source terrain for the Nanushuk in the western
Arctic Slope was deficient in stable detritus other than
chert. This deficiency, and the relative abundance of
mineralogically unstable detritus, is seen in the nature of
the Nanushuk sediment deposited in the western or Cor-
win delta (Ahlbrandt and others, 1979; Huffman, 1979;
and Bartsch-Winkler, 1979, p. 61-69, and this volume).
This deltaic complex is characterized by a relatively low
sand-shale ratio and by relatively clay-rich sands having
low porosity and permeability.

In the Endicott Mountains to the east, the lowest
allochthon, the Endicott Mountains allochthon, differs
from the allochthons of the De Long Mountains by having
a thick section of Upper Devonian quartzitic sandstone
and conglomerate. Although the structurally higher al-
lochthons are presently limited in the Endicott Mountains,
there is an abundance of igneous clasts of various types
in the Fortress Mountain Formation (Chapman and others,
1964, p. 353-356; Patton and Tailleur, 1964, p. 451-
458). These clasts suggest that prior to the Late Creta-

ceous vertical uplift and erosion of the core of the range,
allochthons similar to those of the western Brooks Range
were also widespread in the central Brooks Range. The
presence of the thick quartz-rich Upper Devonian sedi-
ments in the lower part of the source terrain in the En-
dicott Mountains is seen in the higher sand-to-shale ratio
and better reservoir quality of the Nanushuk Group in the
Umiat delta in contrast to the Corwin delta as discussed
by Ahlbrandt and others (1979, p. 25), Bartsch-Winkler
(1979; this volume), Fox (1979), and Huffman (1979; this
volume).

East of the Sagavanirktok River, the belt of al-
lochthonous rocks trends approximately N. 70° E., to near
the head of the Sheenjek River. This trend is most obvious
in areas in which the Upper Devonian Kanayut Conglom-
erate is in thrust contact over the Carboniferous Lisburne
Group and younger rocks; it is less obvious in areas in
which the allochthonous Lisburne is in regional thrust
contact with the autochthonous part of the Lisburne.
These thrust-fault relationships were mapped by Brosgé
and Reiser (1965) and Brosgé and others (1979). Because
of the apparent close relationship of the allochthons of
the Endicott Mountains to the source terrain of the
Nanushuk, it is likely that the trend of allochthons in the
Philip Smith Mountains may approximate the trend of the
sediment source for Albian rocks that have been stripped
from most of the northeast Brooks Range.

Late Cretaceous and Tertiary Tectonics
and Deposition

The record of Late Cretaceous and Tertiary tectonics
and deposition in northern Alaska is confined predomi-
nantly to the eastern Brooks Range and Arctic Slope. A
thick Upper Cretaceous and Tertiary sedimentary section
is present, and evidence suggests that the northern salient
of the eastern Brooks Range resulted from Late Creta-
ceous and Tertiary vertical uplift.

Tectonics and Dating of Orogeny

Late Cretaceous and younger uplift of the northeast-
ern Brooks Range apparently involved the eastern end of
the Colville basin, and included both the Lower Creta-
ceous orogenic deposits of its southern margin and the
coeval stable platform deposits of its gentle north flank.
Evidence for vertical uplift of the northeastern Brooks
Range is:

1. Albian facies trends do not parallel the present
northeastern Brooks Range mountain front east of the
Sagavanirktok River. North of the Endicott Mountains,
the trends are approximately parallel with the mountains,
but near the Sagavanirktok River they converge with the
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mountain front; this convergence of trends has been dis-
cussed previously.

2. The Late Cretaceous stratigraphy suggests Late
Cretaceous uplift of part of the northeast Brooks Range.
In the Juniper Creek-Kavik River area, several hundred
feet of nonmarine sandstone, conglomerate, and interbed-
ded shale has been mapped as the Tertiary Sagavanirktok
Formation (Keller and others, 1961, p. 208, pl. 21); how-
ever, micropaleontological evidence indicates a Late Cre-
taceous age (H. R. Bergquist, in Keller and others, 1961,
p. 208-209). This faunal evidence and close lithologic
similarities suggest a more likely correlation with the
lower part of the Upper Cretaceous Kogosukruk Tongue
of the Prince Creek Formation of the Colville Group
mapped by Brosgé and Whittington (1966, p. 563-570)
in the Umiat area. Brosgé (1970, p. D6, fig. 1) and Pessel
and others (1978b) also assigned these deposits in the
Kavik River area to the Late Cretaceous. In the Umiat
area the Kogosukruk interfingers with the underlying
marine beds of the Schrader Bluff Formation of the Col-
ville Group (Brosgé and Whittington, 1966, p. 570), but
in the Kavik River area, the base of the beds here consid-
ered to be Kogosukruk Formation appear to be an ero-
sional unconformity (Keller and others, 1961, p. 206—
207). In addition, the Upper Cretaceous beds underlying
the unconformity seem to contain more sandstone and
conglomerate than coeval beds in the Umiat area. The
increased thickness of Upper Cretaceous strata in the
Sagavanirktok-Ivishak River area, indicated on isopach
mapping by Pessel and others (1978b, 1978d), may also
suggest Late Cretaceous uplift in the northern salient of
the eastern Brooks Range.

3. The Neocomian pebbie shale unit, the Kemik
Sandstone Member of the Kongakut Formation, and the
Upper Cretaceous Colville Group of nearly identical facies
as the coeval sediments exposed elsewhere, are wide-
spread in the valley between the Sadlerochit and Shublik
Mountains and to the east. This distribution indicates that
at least the Sadlerochit and Shublik Mountains area of
the northeastern Brooks Range was not uplifted until the
Tertiary.

4. The dominant structural style of the frontal
Brooks Range east of the Sagavanirktok River is of verti-
cal, basement-involved tectonics, in contrast to a style of
dominantly compressional tectonics in the Endicott Moun-
tains to the west. The Franklin, Romanzof, and British
Mountains, which form the northern salient of the eastern
Brooks Range, contain autochthonous Mississippian and
younger rocks folded into a series of broad anticlinoria
and synclinoria. Erosional breaching of the axes of the
anticlinoria exposes extensive areas of metamorphic base-
ment consisting of lower Paleozoic low-grade meta-
sedimentary rocks, metavolcanic rocks, and a pre-Missis-
sippian granitic body (Reiser and others, 1971, 1978; and
Sable, 1977). In contrast, most of the Endicott and De
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Long Mountains in the central and western Brooks Range
consist of allochthonous Upper Devonian and younger un-
metamorphosed rocks that have been telescoped many tens
of kilometers relatively northward (Mull and Tailleur,
1977, p. B27-B29). These allochthons contain none of
the metamorphic rocks of the type exposed in the north-
eastern Brooks Range. The contrasting structural styles
are clearly illustrated in regional geologic maps by
Grybeck and others (1977) and Beikman (1978). In the
eastern Brooks Range, thrust sheets indicative of major
crustal shortening are 75 km and more south of the moun-
tain front. Although this evidence does not bear directly
on the timing or sequence of tectonic events, it is indica-
tive of a fundamental tectonic difference between the
northeastern Brooks Range and the mountains to the west.

Arctic Slope Décollement

Much of the Cretaceous section beneath the northern
foothills belt has been folded into a series of long, gener-
ally east-west-trending gentle synclines and sharp anti-
clines (Lathram, 1965; Beikman and Lathram, 1976). In
general, fold amplitudes decrease from south to north and
die out in an area of essentially homoclinal dip beneath
the Arctic coastal plain.

In the southern part of the Nanushuk outcrop belt,
south-dipping high-angle reverse faults or thrust faults cut
the Nanushuk Group along some of the anticlinal axes.
Many of the anticlines are breached through the Nanushuk
into the underlying incompetent shale of the Torok Forma-
tion. The shale, which is commonly crumpled and con-
torted in contrast to the gently dipping overlying
Nanushuk, generally forms poor exposures. The charac-
teristic expression of these folds is illustrated in figure
7. To the north where fold amplitudes are less, the
Nanushuk extends unbroken across the crests of the anti-
clines. This structural style has long been interpreted as
detachment of the Nanushuk (Brosgé and Tailleur, 1971,
p- 71), which has been deformed independently from the
underlying strata. The inferred zone of Torok detachment
has been confirmed by seismic data that show a relatively
uniform southward dip of Jurassic and older strata beneath
the anticlines and synclines of the foothills belt.

The décollement was probably an indirect result of
the later stages of uplift and compression in the core of
the Brooks Range. A minor gravitational component of
movement of the Nanushuk Group and overlying beds
northward may have contributed to the décollement. On
the central and western Arctic Slope, deformation proba-
bly began during early Tertiary or latest Cretaceous time
and waned during the Tertiary. No clear evidence of de-
formation contemporaneous with either the Nanushuk or
with later Cretaceous deposition is known.

On the eastern Arctic Slope the décollement is prob-
ably younger than to the west, because, as discussed



above, the uplift of the northeastern Brooks Range is ap-
parently younger than to the west. In the northern Arctic
National Wildlife Refuge, the Marsh Creek anticline has
beds as young as Miocene or Pliocene (Reiser and others,
1971), dipping as much as 30°. Similarity in structural
style of this anticline to the foothills anticlines to the west
suggests that much of the deformation of the Tertiary beds
in the wildlife refuge may also be a décollement that does
not involve underlying, more competent beds. Grantz and
Mull (1978) referred to these folds as thrust folds.

Depositional Cycle

Regional compilations of geologic mapping of
northern Alaska (Beikman and Lathram, 1976; Lathram,
1965) and the results of drilling in NPRA show that post-
Nanushuk deposits in northern Alaska are confined to the
coastal plain and northern foothills of the central and east-
ern Arctic Slope. No Upper Cretaceous or Tertiary rocks
are known west of approximately long 157° W. In the
Umiat area, Upper Cretaceous deposits are relatively thin;
but to the east in the Sagavanirktok River area, the Upper
Cretaceous section is more than 3 km thick (Pessel and
others, 1978d). Tertiary rocks are even more restricted
in distribution, and outcrops are found still farther east
and north. Details of the Upper Cretaceous and Tertiary
outcrop stratigraphy are given by Brosgé and Whittington
(1966) and Keller and others (1961); generalized discus-
sion and isopach maps including subsurface data are given
by Pessel and others (1978a, b, ¢, d) and Brosgé and
Tailleur (1970).

In general, the areal distribution of Upper Creta-
ceous and Tertiary rocks records a continuation of the
eastward and northward progradation that occurred in the
Early Cretaceous. However, in addition, there is evidence
of a major sediment influx from the northeastern Brooks
Range; this evidence has been discussed previously.

Late Tertiary and Holocene erosion has stripped
some of the Upper Cretaceous and Tertiary deposits.
However, the distribution of nonmarine facies in both the
Upper Cretaceous and Tertiary suggests that these deposits
may not have been deposited very far west and south of
their present outcrop limits.

SUMMARY

The Cretaceous sedimentary rocks of Arctic Alaska
can be divided into three discrete depositional cycles, here
referred to as the Neocomian to Aptian, Albian to
Cenomanian, and Late Cretaceous cycles. These cycles
coincide very closely with the global eustatic cycles of
Vail and others (1977).

The Nanushuk Group of the Arctic Slope is a major
deltaic complex at the top of the Albian to Cenomanian
cycle. It is derived from erosion of an orogenic belt in

the central and western Brooks Range. On the western
Arctic Slope, a major source of sediment from the west
is evident; this terrain probably coincided with the Tigara
uplift and its offshore extension, the Herald arch. De-
velopment of the Brooks Range orogenic belt began in
Neocomian time with the obduction of oceanic crust over
continental crust at a major compressional plate boundary
at the south margin of a small continental plate that ro-
tated counterclockwise out of the Canada basin. Major
northward thrusting in the orogenic belt continued into
the Aptian. A foredeep north of the orogenic belt, the
Colville basin, was filled with thick flysch derived from
erosion of the Brooks Range allochthons. The flysch
grades upward into progressively shallower water Aptian
and Albian prodelta shales, which culminate in the molas-
soid deposits of the Albian and Cenomanian Nanushuk
Group. From the Albian into the Late Cretaceous, sedi-
mentary rocks filled the basin and progressively over-
lapped the Beaufort sill, which separates the Colville
basin from the oceanic Canada basin to the north.

Erosion of the generally east-west-trending orogenic
belt in the Brooks Range and filling of the Colville basin
was accentuated by vertical uplift of the core of the range
in Albian time. This vertical uplift became the dominant
tectonic force, possibly due to isostatic rebound of the
deeply depressed continental crust at the compressional
plate margin. However, in the area of the eastern Arctic
Slope, the rate of basin subsidence apparently exceeded
the rate of sediment influx, so that deltaic deposits pro-
graded only a short distance into the basin. As a result,
flyschoid sediments correlative with the deltaic complex
forming the Nanushuk Group to the west are present in
this area. These basinal sediments are north of the Philip
Smith Mountains, which are oblique to the trend of the
Early Cretaceous orogenic belt and foredeep and were up-
lifted in the Late Cretaceous.

The reservoir potential of the Nanushuk Group is
strongly influenced by the nature of its provenance, which
contained abundant quartzose and quartzitic sediments in
the central Brooks Range but was deficient in stable de-
tritus to the west. As a result, the best reservoir potential
is on the central Arctic Slope where these sediments pro-
graded far to the north. In the subsurface to the east,
where progradation of the delta was inhibited, the
Nanushuk has no reservoir potential.

Continuing Late Cretaceous and Tertiary uplift in
the Brooks Range resulted in a regional décollement on
the Arctic Slope. The relatively competent Nanushuk
Group was detached and folded independent of the Juras-
sic and older rocks. The structural style resulting from
this décollement consists of broad synclines and sharp
shale-cored anticlines which die out in amplitude to the
north.

In the southern part of the décollement belt, the
anticlines are breached through the Nanushuk into the un-
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derlying Torok Shale, so that there is little potential for
hydrocarbons in the Nanushuk. The northern part of the
décollement belt, where the Nanushuk has not been
breached, contains structural and mixed structural-strati-
graphic hydrocarbon prospects.
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To the north of the décollement, hydrocarbon pros-
pects are probably dominantly stratigraphic in combination
with regional dip. A discussion of the organic geochemis-
try of the Nanushuk Group and its control on hydrocarbon
potential was given by Magoon and Claypool (1979).



Subsurface Correlations and Depositional History of
the Nanushuk Group and Related Strata,

North Slope, Alaska

By C. M. Molenaar

INTRODUCTION

The Nanushuk Group of Albian to Cenomanian Age
(mid-Cretaceous) is present in the subsurface in the west-
ern and central Arctic Slope from the northern foothills
to the Arctic coast. Except for a narrow band in front
of the outcrop belt that extends as far east as the
Sagavanirktok River, most of the Nanushuk in the subsur-
face extends only a little farther east than the north-trend-
ing course of the Colville River. Because most of the
subsurface Nanushuk occurrence is in the northern two-
thirds of the National Petroleum Reserve in Alaska
(NPRA), most of the areal descriptions used here relate
to NPRA (fig. 17).

This chapter: (1) presents a regional stratigraphic
synthesis of the Nanushuk Group and related strata by
means of facies-correlated stratigraphic cross sections, (2)
presents quantitative data on the basin geometry and basin
paleobathymetry, and (3) relates the depositional history
to the development of potential hydrocarbon reservoir
facies.

The Torok Formation of Albian Age, which under-
lies and is largely coeval with the Nanushuk, is included
in this study in order to better understand the Nanushuk
depositional system.

Subsurface information was provided by more than
60 wells and core holes that penetrate the Nanushuk in
and adjacent to NPRA. Forty-eight of these wells, as well
as selected outcrop sections, are shown in figure 17 and
are listed in tables 3 and 4. Eighteen of the wells have
been drilled since 1975 and have modern log suites for
more detailed evaluation. In addition, about 10,000 line-
kilometers of six-fold common-depth-point seismic data
acquired since 1974 cover most of the area in a 10- to
20-km grid. (The seismic surveys were made in conjunc-
tion with the NPRA exploration program, and the data
are available from the National Oceanic and Atmospheric
Administration, EDIS/NGSCD, 325 Broadway, Boulder,
CO 80303). Integrating the seismic data with the well
data, plus the lack of structural deformation in the area
north of the foothills, provide an excellent means to study
the Nanushuk-Torok depositional system.

Nanushuk outcrops have been studied by many
workers over the years. Some of the more definitive
works are Gryc and others (1956); Chapman and Sable
(1960); Detterman and others (1963); Chapman and others
(1964); Patton and Tailleur (1964); Brosgé and Whit-
tington (1966); Ahlbrandt and others (1979); and Huffman
and others (this volume). Much of these works were used
in extrapolating depositional environments and styles to
the subsurface. Subsurface studies by Collins and Robin-
son (1967) were also used in the well correlations. How-
ever, additional wells and modern seismic data have great-
ly enhanced the understanding of subsurface relations.

Bird and Andrews (1979) explained and presented
data on the subsurface stratigraphic relationships of the
Nanushuk Group and the Torok Formation; how the allu-
vial-deltaic and shallow marine shelf deposits of the
Nanushuk are laterally equivalent to and underlain by
outer shelf topsets, slope foresets, and basinal bottomsets
of the Torok; and how the Nanushuk delta prograded gen-
erally from west-southwest to east-northeast across the
subsiding Colville basin. This chapter describes the con-
tinuation of these subsurface studies.

EXPLANATION OF STRATIGRAPHIC
CROSS SECTIONS

A network of five stratigraphic cross sections of the
Nanushuk Group and related strata, correlating most of
the wells in and adjacent to NPRA, is shown in figure
18. Seismic data, well data, and surface stratigraphic
studies have been integrated in the construction of these
sections. The sections (1) show the facies relationships
and correlations between wells, (2) show how the facies
are time-transgressive and how they rise stratigraphically
as the deltaic sequence progrades over a subsiding basin,
and (3) show zones or trends of thicker sand development.
Also, these cross sections can be used to (1) correlate
data from new wells, and (2) make additional observations
or interpretations.

The entire Torok Formation and the basal Lower
Cretaceous transgressive pebble shale unit are included on
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Figure 17.

Index map of part of the North Slope of Alaska showing selected Nanushuk Group control

points (wells and outcrops), eastern extent of Nanushuk Group, lines of stratigraphic cross sections, and
boundary of the National Petroleum Reserve in Alaska (NRPA). Refer to tables 3 and 4 for listing of wells
and outcrop sections. Shaded area is Nanushuk Group outcrop belt.

the cross sections in order to show the gross stratigraphic
relationships of these units to the Nanushuk. These units
are clearly shown by seismic data, which depict the dep-
ositional pattern of topset bedding (alluvial-delta plain and
shallow marine shelf), foreset bedding (basin slope), and
bottomset bedding (basin floor). (The terms “topset,”
“foreset,” and “bottomset” refer to the large geomorphic
forms of the basin-edge profile and not to parts of an
individual delta front such as a Gilbert-type delta.) Figures
19 and 20 are examples of these relationships as displayed
by seismic data. The relationships of the Nanushuk with
the overlying Colville Group, where it is present, are also
shown on the cross sections.

Correlating between wells on the cross sections was
greatly aided by seismic data. Where possible, the indi-
vidual wells were correlated to the nearest seismic line
by using either synthetic seismograms or transit-time logs.
Topset reflector beds were then correlated between wells,
where possible. This method worked fairly well in north-
eastern NPRA (north and east of the East Topagoruk and
Inigok wells), the area covered by 1974 seismic lines.
However, seismic data are of inferior quality on the 1975,
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1976, and 1977 lines, which cover the other areas. This
reduction in quality is reportedly because the geophone
placement along these lines did not optimize the relatively
shallow reflections from the Nanushuk-Torok interval.
Additional processing may enhance the shallow data from
these lines. Despite these lower quality data, however,
gross correlations can usually be made by projecting a
weak or nonexistent seismic reflection between more pro-
nounced reflections. Also, the base of the topset reflectors
(or shelf break) can be identified on these lines and hence
related to nearby wells. However, in the northern foothills
area where most of the old U.S. Navy wells were drilled,
structural complications generally precluded correlating
those wells to seismic lines.

The base of the Colville Group is used as a horizon-
tal datum in the eastern part of the area where this unit
is preserved. This surface was a very low gradient shelf
or delta plain prior to the transgression of the Colville
sea except possibly in the southernmost area where clastic
material derived from the ancestral Brooks Range con-
tinued to build an aggradational coastal plain while the
area to the north was being transgressed.



Table 3. Location of wells shown in figure 17, and stratigraphic data on Nanushuk Group, North Slope, Alaska

[?, data not resolved; =, approximate top of section; +, eroded top of Nanushuk Group, incomplete section]

Locality Nanushuk Group
No. Location Top Base Thickness
(fig. 1) Well name Sec. Ts R. (ft) (ft) (ft) (m)
1 USN Umiat-l-mmm——mmmmmmm 34 1 N. 2 W. 915 2,840 lies I355
2 USN Skull Cliff C.T.-1-- 23 18 N. 22 W. 10 450 440+ 134+
- | USN Umiat—2-———————————— 3 18. 1W. 80 1,060 980 299
4 USN Simpson=]======= 32 19 N. 13 W. 20 980 960 293+
3 USN South Barrow-l-———-- 28 23 N. 18 W. 70 695 625+ 190
6 USN Fish Creek-l---—-———— 15 11 N. 1E. 2,890 4,110 1,220 372
7 USN Oumalik—l=—=—- 30 6 N. 16 W. 20 2,770 25 750% 838+
8 USN Meade-l=-—=======m—m 19 8 N. 22 W. 45 3,450 3,405+ 1,038+
9 USN East Oumalik—l-—=———- 13 5 N. 15 W. 35 2,970 2,935+ 895+
10 USN Simpson C.T. 31-———- 36 19 N. 11 W. 220 &) e %
11 USN East Topagoruk—l--—- 12 14 N. 14 W. 90 2,280 2,190+ 667+
12 USN Titaluk-l-—-=——=—=—— 23 1 N. 11 W. 40 3,500 3,460 1,055
13 USN Gubik=l=mmm=mmmmmmm 20 1 N. 3 E. 3,350 4,005 655 200
14 USN Topagoruk—l----————- 25 15 N. 16 W. 50 2,150 2,100+ 640+
15 USN Knifeblade-2A-———-—— 2 4 s. 12 W. 0 (% 1,805+ 500+
16 USN Kaolak-1l-———- 25 7 N. 34 W. 113 5,205 5,092+ 1,552+
17 USN Square Lake-1 2 2 N. 6 W. 1,630 3,940 2,310 704
18 USN Grandstand-1---- 32 5 8. 1E. 110 1,070 960+ 293+
19 USN Wolf Creek—-3—-—---———- 2 1Ss. 7 We. 30 3,575 3,545+ 1,080+
20 British Petroleum
Shale Wall-l. 1 5 S. 5 E. 1,080 3,150? 2,070? 631?
21 Sinclair Little Twist-1- 34 3 8. 4 W. 0 3,075 3,075+ 937+
22 British Petroleum
Kuparuk-1. 1 2 5, 5 E. 5,365 6,330 965 294
23 British Petroleum
Ttkillik-1. 11 1 N. 6 E. e NGt PrESENt————— e —————
24 McCulloch Colville U-2—-- 15 1 86 1E. 1,765 2,820 1,055 322
25 Texaco-Newmont E.
Kuparuk-1. 10 2 8. 8 Es 6,680 6,860 180 335
26 Gulf Colville Delta-—-—- 19 13 N. 6 E. Not present=——-——==—=——====-
27 Pan Am. Aufeis-]l-—=—=———- 30 3 8 11 E. 2,450 3,474 1,025 312
28 USN Cape Halkett=—l-————- J 16 N. 2 W. 3,118 4,235 1327 340
29 Forest Lupine-l-—-—————- 13 4 S. 14 E. ? g ? ?
30 Texaco W. Kurupa-l-————- 33 6 S. 4 W, 0 1,730 1,730+ 527+
31 Texaco E. Kurupa-l-—--—- 9 7 Se 6 W. 0 2,190 2,190+ 667+
32 USN East Teshekpuk—1---- 16 14 N. 4 W, 1,585 3,100 1,515 462
33 USN So. Harrison Bay-1-- 6 12 N. 2 E. 3,220 4,220 1,000 305
34 USN Atigaru Point=l-———- 19 14 N. 2 Bs 3,470 4,400 930 283
35 USN W.T. Foran—l-————=—- 13 17 N. 2 W. 3,480 4,380 900 274
36 USN South Simpson-—l-———- 22 17 N. 12 W. 50+ 1,915 1,865+ 568+
37 USN West Fish Creek—l-—- 11 11 N. 1 W. 2,550 3,915 1,365 416
38 Texaco Tulugak-l-——————- 26 5 8 3 E.
39 USGS Drew Point—l-—————- 26 18 S. 8 W. 1,230 3,200 1,970 600
40 USGS North Kalikpik-l-—- 3 13 N. 2 W. 2,395 3,470 1,075 328
41 USGS Kugrua=l————-—-———— 8 14 N. 26 W. 100 2,330 2,230+ 680+
42 USGS South Meade=l=—=——-— 31 15 N. 19 w. 50+ 2,490 2,440+ 759+
43 USGS East Simpson=—l-———- 18 18 N. 10 W. 350 2,690 2,340 713
44 USGS Peard-l--—==—==—=— 25 16 N. 28 W. 50+ 2,470 2,420+ 738+
45 USGS J.W. Dalton=l-—==—== 14 18 N. 5 We 2,660 4,135 1,475 450
46 USGS Inigok=1l-—————————m 34 8 N. 5 W. 2,250 3,935 1,685 514
47 USGS Ikpikpuk—-1-- 25 13 N. 10 W. 150 2,950 2,800 853
48 USGS Tunalik—-1--- 20 10 N. 36 W. 50+ 6,250 6,200+ 1,890+
49 USGS Seabee-l-—========= 5 1 S« 1 W. 280 1,300 1,020 311

1Fault repetition of 760 ft (232 m) has been removed.
Base of Nanushuk Group not reached.

The two outcrop sections (fig. 18D and 18E) were ally represents initial deposits of the Colville transgres-
correlated to subsurface data by correlating the marine de- sion. The base of the Ninuluk is inferred to rise to the
posits at the base of the Ninuluk Formation, which actu- south, owing to intertonguing. The Killik River surface
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Table 4.

[+, incomplete section]

Location of outcrop sections of Nanushuk Group shown in figure 17, North Slope, Alaska

Nanushuk Group

Locality Location thickness
No. Qutcrop name Toe R. (m) Source
1 Corwin Bluff--—--- 6-7 S. 53-56 W. 4,723+ Chapman and Sable, 1960.
6-7 S. 53-56 W. 3,444+ Smiley, 1969b.
2  Barabara 1 Ne-2 S. 44=45 W. 3,110+ Chapman and Sable, 1960.
syncline.
3  Kokolik warp 3-4 S. 40-41 W. 2,091+ Huffman and others, 1981la.
syncline.
4 Elusive syncline——— 1-3 N. 33 W. 1,977 Chapman and Sable, 1960.
5 Carbon Creek 2 S. 28 W. 786+ Huf fman and others, 1981la.
anticline.
6 Colville River——-—- 5 8. 15-17 W. 1,911+ Chapman and others,
1964.
7  Kurupa River———--—-—- 6 S. 12-14 W. 1,832+ Huf fman and others, 1981b.
8 Knifeblade Ridge--—  3-4 S. 12 W. 1,452+ Brosgé and Whittington,
1966.
9 Killik River——————- 5-6 S. 6=7 W. 1,361+ Detterman and others,
1963.
10 Mammoth Creek and 7-8 S. 1-2 W. 1,430 Detterman and others, 1963;
Chandler River. Huffman and others, 1981b.
Tuktu Bluff-—----- 1,842+
11 Type Grandstand———-— 6 S. 4 E. 812+ Huffman and others, 1981b.
12 Rooftop———=-===———= 7 S. 6-=7 E. 195+ Do.
13 Nanushuk River—---- 9 8s 6 E. 1,070+ Detterman and others,
1963.
14  Marmot syncline-—--— 8 S. 13 E. 853+ Huf fman and others, 1981b.
15 Lupine River——-—-—-—-- 4 S. 14 E. 563+ Do.

section shown on the south-to-north cross section across
eastern NPRA (fig. 18D) is generalized from the meas-
ured section of Detterman and others (1963, pls. 29, 32,
and 33). The Tuktu Bluff section shown on the southeast-
to-northwest cross section across northeastern NPRA (fig.
18E) is a combination of a section by Detterman and
others (1963) and one by Huffman and others (1981b).
The thickness used here for the pre-Ninuluk part of the
Nanushuk is the average of 1,180 m (3,870 ft) measured
by the earlier workers and 1,842 m, plus approximately
394 m to the base of the Ninuluk (6,040+ 1,300 ft),
measured by the later workers. This wide discrepancy in
thickness is probably due to a different choice of dips
(7-13°) in measuring across a long, flat area along the
Chandler River.

The Grandstand—1 well, which was located at the
surface near the top of the main marine part of the section
(Grandstand Formation), was placed about 365 m (1,200
ft) below the Ninuluk datum as projected by Detterman
and others (1963, pl. 37) (fig. 22). In areas where the
top of the Nanushuk is not preserved, the vertical place-
ment of the wells on the cross sections is related to a
near-horizontal assumed time datum (topset bedding) near
the base of the Nanushuk between adjacent wells. This
datum can be either a thick marine shale tongue and shelf
sandstone bed that may be correlated between wells, or
a seismic reflector in the topset bedding. The correlations
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of the lower part of the Nanushuk and upper part of the
Torok between the South Meade and Topagoruk wells
shown on the northern coastal plain cross section (fig.
18B) are the result of this technique. These units are as-
sumed to have been deposited on a nearly horizontal or
very gently sloping surface at approximately the same
water depth, and that differential subsidence between
wells was negligible. This assumption may not hold for
the entire section because the different rates of subsidence
between areas may be significant for thicker sections and
more time. However, this method shows the overall time-
stratigraphic relationships quite well.

In general, the horizontal correlation lines on the
cross sections within the Nanushuk are considered near-
horizontal time lines. The dashed correlation lines shown
within the Torok correlate from topset to foreset to bot-
tomset beds and are considered to be time lines.

Because the wells are logged in the inch-pound sys-
tem of measurement, this system is used for the cross
sections to facilitate comparisons with other well logs.

STRATIGRAPHY AND DEPOSITIONAL SETTING
Nanushuk Group
The Nanushuk Group is a deltaic sequence of com-

plexly intertonguing marine and nonmarine deposits. It
ranges in thickness from at least 3,444 m in outcrops at



Corwin Bluff (Smiley, 1969b) on the far southwest of
the study area to a pinchout edge in the area of the present
Colville River delta (fig. 21). The thickest subsurface pen-
etration is about 1,900 m (top eroded) in the Tunalik—1
well on the west. As indicated by foreset dip directions
in the Torok Formation on seismic sections, the deltaic
sequence prograded east-northeast across the subsiding
Colville basin (fig. 23; Bird and Andrews, 1979). The
basin was bounded on the north by the passive Barrow
arch, which separated it from the actual continental mar-
gin farther north. The ancestral Brooks Range bounded
the south side of the Colville basin.

The term “delta” or “deltaic system” is used in a
broad sense. The Nanushuk sediments in most of the area
were supplied by many distributaries, and undoubtedly
there were many interdeltaic areas. The main or western
delta complex, which has been called the Corwin delta,
is considered to be a river-dominated, high-constructional
delta (Ahlbrandt and others, 1979, p. 17). It had a rela-
tively low-sand and high-mud content in contrast to the
southern-source Umiat delta of the outcrop belt south of
Umiat (Huffman and others, this volume).

The overall prograding regressive sequence was in-
terrupted many times by marine transgressions due in part
to delta shifting, but more importantly, to episodic pulses
of basin subsidence. Basinal subsidence (or relative sea-
level rise) is necessary to account for stacking of shallow
marine sequences or for the stratigraphic rising of the sec-
tion as the sequence progrades. (Refer to the section on
“Stratigraphic Rise and Basin Subsidence.”) Therefore,
the Nanushuk is not one simple regressive sequence but
a composite of intertonguing shallow marine shale, shal-
low marine sand, and subaerial delta-plain deposits.

In this chapter, the term “shoreface sandstone” re-
fers to a sandstone body that separates open marine envi-
ronments from lagoonal, marsh, back-bay, or nonmarine
environments. These bodies would include barrier islands,
tidal channels and deltas, strand-plain coastal barriers, and
distributary-mouth bars. Distributary-mouth bars are prob-
ably the most common in the Nanushuk, especially in
the western part of the area.

The lower part of the Nanushuk consists of inter-
tonguing marine shoreface or shelf sandstones and neritic
shales and siltstones. For convenience and uniformity, the
contact with the underlying Torok Formation in the sub-
surface is usually placed at the base of the sandy section
as determined by electric log or gamma ray-transit time
log response. Because of the gradational and intertonguing
nature of the contact and because of differing log qual-
ities, the selection of the contact becomes quite arbitrary
in some wells. An example of this arbitrariness is the
selection of the contact at about 2,800 ft in the Umiat—1
well shown on the cross section across the northern foot-
hills (fig. 18A4). Actually, there are several thin sandstone
beds with poor spontaneous-potential (SP) log response

for more than 1,000 ft below. Another example is the
selection of the contact at about 2,150 ft in the To-
pagoruk—1 well shown on the cross section across the
northern coastal plain (fig. 18B). There are three or four
thin sandstone beds in the 1,200-ft interval below. One
must be aware of these variations when evaluating isopach
or sand-percentage maps.

Seismically, the base of the Nanushuk occurs within
the lower part of the topset reflectors. The distance be-
tween the base of the topset beds and the base of the
Nanushuk ranges anywhere from 15 m as in the W. T.
Foran—1 well, to 335 m, as in the South Simpson—-1 well.
In some places the basal Nanushuk sands extend to the
shelf break as at Fish Creek—1 and West Fish Creek-1
wells shown on the cross section across the eastern part
of NPRA (fig. 18D), but generally the basal sand occurs
well back from the shelf edge. Figures 19 and 20 show
the relationship of the base of the Nanushuk to the base
of the topsets.

On the cross sections, the Nanushuk Group is di-
vided into a lower, dominantly marine facies (Kukpowruk
Formation on the west or Grandstand and Tuktu Forma-
tions on the east) and an upper dominantly nonmarine
facies (Corwin Formation on the west or Chandler Forma-
tion on the east) to show the lateral relationships. These
major facies are the basis for the differentiation of most
of the formations of the group. Bird and Andrews (1979)
referred to these parts as facies A (predominantly non-
marine) and facies B (predominantly marine). In the sub-
surface, the differentiation is based on log character, the
presence or absence of marine fauna, and the presence
or absence of coal or highly carbonaceous beds. In many
places the boundary is transitional in a zone of intimate
intertonguing of the two facies. In these transitional
zones, the contact is usually placed at the top of the high-
est well-developed shoreface sandstone or the highest oc-
currence of marine fauna. In most wells, the selection
of this contact is highly interpretive, especially in western
NPRA where the Corwin delta was more river dominated.

Because of the complex intertonguing of the two
major facies of the Nanushuk and the shales of the Torok,
and because of the distance between wells, better than
gross correlation of the major facies is difficult. Some
of the correlations of individual sandstone or shale
tongues are shown only where wells are relatively close
together. Also, the small scale of the cross sections miti-
gates against showing these details.

The generalized time-stratigraphic relationships of
the formational units of the Nanushuk Group that were
described by Detterman (1956) from outcrops in the Col-
ville River area southeast of NPRA and by Sable (1956)
from outcrops on the west side of NPRA are portrayed
on the cross sections. Two of the cross sections are tied
to outcrop sections south of Umiat where some of these
units were originally named. The outcrop sections are por-
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Figure 18. Stratigraphic cross sections of Nanushuk Group and associated strata across National
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Vertical exaggeration is approximately 58 x. SP, spontaneous potential; R, resistivity; GR, gamma
ray; TT, transit time. Dashed lines are correlations of miscellaneous beds or reflectors. Dip angle
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trayed in a generalized way to show the gross facies re- Formation (Cenomanian-Turonian) of the Colville Group
lationships. overlies the Nanushuk (fig. 21). In the latter area, the

The upper contact of the Nanushuk is an erosional top of the Nanushuk is placed at the base of a transgres-

surface underlying Pleistocene deposits in most of the area sive bentonitic shale section, which is usually easily iden-
except for the eastern third of NPRA, where the Seabee tified on the logs. In some places, however, a basal trans-
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gressive sand or sandy zone occurs at the base of the
Seabee Formation, thereby making the precise boundary
selection somewhat interpretive; micropaleontologic data
are helpful in selecting this boundary.

The Ninuluk Formation of Cenomanian Age occurs
in the upper part of the Nanushuk Group in the outcrop
belt in the Chandler River-Killik River area (Detterman,
1956; Detterman and others, 1963; and Chapman and
others, 1964). It is a marine unit that intertongues with
the nonmarine Niakogon Tongue of the Chandler Forma-
tion (of the Nanushuk Group) and is as thick as 350 m
(Detterman and others, 1963, p. 264). As portrayed on
the cross sections in the southeastern part of the area (fig.
18E), it is interpreted as representing deposition by the
southern-source Umiat delta during the time of the initial
Colville transgression farther north. In other words, the
Umiat delta was still actively aggrading after the east-

northeasterly prograding delta to the north became inactive
and was being transgressed by the Colville sea.

The facies relationships and the seismic data do not
indicate an unconformity at the base of the Seabee Forma-
tion in the subsurface. The Ninuluk and Seabee appear
to be parts of the same major cycle of transgression. How-
ever, in the outcrop belt to the south, earlier workers have
reported a significant unconformity (Detterman, 1956, p.
233; Detterman and others, 1963, p. 270; Chapman and
others, 1964, p. 382). Continuing tectonic activity in the
ancestral Brooks Range could have resulted in an uncon-
formity at that time along the outcrop belt. Brosgé and
Whittington (1966, p. 527) suggested that warping in the
folded belt could have started during Nanushuk time. This
suggestion is supported by the apparent thickening of sec-
tion within the Ayiyak Mesa syncline 50 km south of
Umiat, as indicated on an old, poor-quality U.S. Navy
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seismic line in that area (Detterman and others, 1963,
pl. 42).

Torok Formation

The Torok Formation represents offshore or deeper
water deposition of shale, siltstone, and minor amounts
of sandstone. It is largely coeval with the Nanushuk
Group in the northern half of the area, but to the south
the lower part thickens and intertongues with or is equiva-
lent to the Fortress Mountain Formation of early Albian
age (Chapman and others, 1964, p. 357). The lower
Torok in that area appears to be older than any part of
the Nanushuk Group.

The thickness of the Torok is largely controlled by
the asymmetry of the preserved part of the Colville basin,
especially to the south, as shown in figure 22. This
isopach map was constructed by using the widely scat-
tered well data, and where a well did not completely pene-
trate the Torok, seismic data were used (Miller and others,
1981). In the anticlinal belt of the northern foothills, the
Torok has been thickened tectonically by thrust faulting
and possible diapirism in the cores of the anticlines. An
attempt was made to adjust for this thickening in the cross
sections and the isoach map by subtracting the amount
of structural relief of each anticline from the present
Torok thickness (fig. 22).

The Torok interval is represented on seismic lines
by the lower part of the topset reflectors and the foreset
and bottomset reflectors. The Torok in the topset beds
consists of neritic shelf shales and siltstones; the foreset
beds consist of slope shales and siltstones and minor sand-
stone beds; and the bottomset beds consist of deep-water
shales containing common thin turbidites or deep-water
sandstones and siltstones.

Well penetrations indicate that these deep-water
sandstones are generally very fine grained, as would be
expected inasmuch as they were filtered through the
Nanushuk delta where the coarser grained sands would
have been deposited in the fluvial facies. A possible ex-
ception to this deltaic filtering would be if there were
times of lowered sea level when fluvial deltaic facies ex-
tended to the shelf break. Wells recently drilled in the
northern part of NPRA have had numerous gas shows
from these deep-water sandstones. Torok foreset reflectors
that can be correlated to wells seem to be either silty
or sandy zones or thin zones of low-velocity shales. The
sandy intervals could serve as paths for hydrocarbons
migrating from source rocks within either the Neocomian
pebble shale unit or the lower Torok interval to reservoirs
in the Nanushuk.

On some seismic lines, reflectors can be traced con-
tinuously from topset beds within the Nanushuk to bot-
tomset beds within the Torok deep-water deposits. These
reflectors, which are represented by short dashed lines on
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the cross sections, are time lines and represent the near-
original depositional profile of the basin.

In the northern part of NPRA where the seismic
data are of good quality, bottomset beds downlap
(Mitchum, 1977, p. 207) onto or near the basal Creta-
ceous pebble shale unit of Neocomian Age as shown on
three of the northern cross sections (fig. 18). Because
these bottomset beds can be correlated seismically to beds
of Albian Age, the hiatus or thin interval of Torok be-
tween these downlapping beds and the pebble shale unit
is interpreted to be a deep-water condensed or nondeposi-
tional zone representing part of Neocomian, all of Aptian,
and much of Albian time. The thickness of this interval
is less than the resolution of the seismic data, that is,
less than 25 m. Indeed, this condensed section may be
included in the upper part of the pebble shale unit. This
starved depositional system is interpreted to have occurred
as a result of the deeper part of the Colville basin to
the south receiving all the sediments being derived from
the south and southwest after deposition of at least most
of the pebble shale unit. Not until the latest stages of
the Nanushuk-Torok depositional cycle did the Colville
basin fill enough for sediments to reach the northern part
of NPRA. A similar depositional pattern continues to the
northeast of the Nanushuk depositional limit in younger
Cretaceous and Tertiary formations. On seismic lines in
northeastern NPRA, topset, foreset, and bottomset bed-
ding can be seen in the overlying shales of the Colville
Group (figs. 19 and 20). In the Prudhoe Bay area, bottom-
set beds of the Colville Group downlap onto or near the
pebble shale unit (Bird and Andrews, 1979, p. 35).

In the southern part of NPRA (south of a line con-
necting the Inigok and Tunalik wells, fig. 17), seismic
data indicate a southward-thickening wedge of strata that
onlap the south-dipping pebble shale unit as shown on
the two cross sections in the southeastern part of NPRA
(fig. 18D and E). Some of these beds can be traced to
east-northeasterly dipping foresets on the west, but the
lower part of this wedge may be deep-water basinal beds
or distal turbidites of southerly derived Torok and (or)
Fortress Mountain Formation equivalents. Structural com-
plexities and poor data quality preclude tracing these beds
to the south.

In northeastern NPRA, in the area from the Fish
Creek wells to beyond Atigaru Point, the lower Torok
interval is disturbed, as indicated by seismic data (fig.
20). Inasmuch as this interval is laterally adjacent to bot-
tomset beds and underlies foreset and bottomset beds, the
disturbed interval is thought to have been caused by large-
scale submarine slumping. In some of this area, the peb-
ble shale unit is missing, at least in part, indicating either
that it was involved in the slumping, or that it was
scoured by submarine currents that may have triggered
the subsequent slumping. The areal association of the
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slumping and scouring suggests that they were caused by
related events.

Provenances—Their Effect On Depositional
Patterns

The provenance for the Nanushuk Group has been
discussed and summarized by Mull (1979, p. 10-12),
Bartsch-Winkler (1979, p. 67), and Huffman (1979, p.
84). Based on the interpretation of regional paleogeog-

raphy and compositional differences in the Nanushuk
sandstones, all these workers agree that the western De
Long Mountains, the adjacent Tigara uplift south of Cape
Lisburne, and its northwestern offshore extension, the
Herald arch (fig. 31), was a dominant source area for
the western or Corwin delta complex, and that the ances-
tral Brooks Range on the south was a predominant source
area for the Umiat delta. I am in general agreement with
these interpretations, but I offer additional comments
about the relative size or extent of these two major source
areas.
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Except for some coarse units such as the conglomer-
ate member at Corwin Bluffs (Chapman and Sable, 1960),
which must have been derived from a nearby source such
as the Tigara uplift, most of the Nanushuk in the western
area had a relatively low-sand and high-mud content
(Ahlbrandt and others, 1979, p. 25). This mud-rich delta
system controlled the east-northeasterly direction of pro-
gradation across the Colville basin, as indicated by foreset
dip directions in the prodeltaic Torok Formation (fig. 23).
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The huge volume of mud-rich sediments represented by
this western delta complex suggests that a relatively large
source area encompassing a large drainage area was pres-
ent to the southwest, undoubtedly much more extensive
than the western De Long Mountains, Tigara uplift, and
Herald arch as they were defined by Mull (1979, fig.
3), and Grantz and Eittreim (1979, fig. 3). Furthermore,
the Herald fault zone, which bounds the northeast side
of the Herald arch, is considered, at least in part, a post-
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Nanushuk feature because it offsets Nanushuk Group
strata (Grantz and Eittreim, 1979, p. 26). Therefore, I
suggest that during Nanushuk time a land mass of larger
areal extent lay farther west or southwest than the present
Tigara uplift and Herald arch, probably in the area of
the present Hope basin farther southwest in the Chukchi
Sea or beyond.

The ancestral Brooks Range was undoubtedly a
prominent highland that contributed sediments both to the
Colville basin on the north and to the Koyukuk basin on
the south during Nanushuk time. However, because of
a limited drainage area and because of more rapid subsi-
dence on the south side of the Colville basin, the southern
source deltas did not control the progradational pattern
of the Nanushuk except along the south side of the basin
in the area of the present outcrop belt. However, the sands
from this delta probably contributed significantly to the
east-northeasterly prograding system when the prodelta
shelf of the western delta had built out adjacent to the
southern deltas. (Refer to the section on “Hydrocarbon
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Reservoir Sand Development” for additional comments.)
If it were not for the presence of the easterly prograding
western delta, the southern-source Nanushuk would not
have extended too far to the north. This contention is
supported by observations southeast of Umiat and east of
the pinchout of the easterly prograding system where well-
developed southern-source alluvial-deltaic clastics such as
those at the Marmot syncline outcrop section (the south-
easternmost section with the 853 + value, fig. 21) grade
rapidly into finer clastics of the Torok. The Nanushuk
at this section, which is more than 850 m thick, 800 m
of which is nonmarine and contains coarse clastics
(Huffman and others, 1981b), grades to Torok shales and
siltstones within 60 km to the north as shown on the east
in figure 21. Some of the 60 km may have been shortened
by folding and thrusting, but even so, the gradation is
abrupt when compared to that of the western delta com-
plex. Inferred paleogeographic maps of a part of northern
Alaska and adjacent areas at middle and late Nanushuk
time are shown in figure 24.
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STRATIGRAPHIC RISE AND BASIN
SUBSIDENCE

In prograding across the Colville basin, the shallow
marine part of the Nanushuk, that is, the part between
the basal contact and the marine-nonmarine boundary, be-
comes younger and shifts upward in the section owing
to facies changes. Because these shallow marine facies
are largely confined to a rather narrow range of water
depths, possibly no more than 50 m and probably much
less, these upward shifts or rises are then a measure of
relative sea-level rise (or basin subsidence). The term
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Continued

“stratigraphic rise” is used to denote these upward strati-
graphic shifts of water-depth-related deposits.

Stratigraphic rises are directly observable on seismic
lines. The change from topset beds to foreset beds repre-
sents the shelf break, a geomorphic feature separating the
basin shelf from the basin slope. As indicated on seismic
lines, this break is abrupt, especially in the eastern half
of NPRA (figs. 19 and 20). There are several interpreta-
tions of the origin of shelf breaks, and discussion of them
is beyond the scope of this report, but most hypotheses
relate the shelf breaks to water depth. The breaks are as-
sumed herein to be water-depth controlled, possibly deter-
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mined by tidal or other marine currents on the shelf. Most
modern shelf breaks are at an average water depth of 132
m (Shepard, 1963, p. 257). However, most of these fea-
tures resulted from Pleistocene low stands of sea level
(Emery, 1965, p. 1383). Therefore, the Nanushuk-Torok
shelf breaks must have formed at much shallower depths
than the 132-m average of present shelf breaks; a range
of 50 to 75 m is suggested.

As the Nanushuk progrades and rises to the north-
east, the shelf break (or base of the topset bedding) also
rises upward in the section, as observed on seismic sec-
tions. Like the Nanushuk deltaic deposits, the shelf break
appears to be predominantly a constructional feature in
which the basin-slope deposits prograded seaward. Figure
19 shows that between shot points 49 and 29, a distance

Dominantly nonmarine facies

Dominantly shallow marine
sandstone and shale

Continued

of 8 km, the base of the topsets rises about 180 mil-
liseconds (two-way time) or approximately 260 m (850
ft). The Nanushuk-Torok contact shows these vertical
rises of the shelf break, although it would be offset toward
land. An example of this landward offset is shown by
the vertical rise of the base of the Nanushuk between the
Peard-1 and Kugrua—-1 wells on the northern coastal plain
cross section (fig. 18B). The actual rise of the shelf break
occurs about 8 km east of the Kugrua—1 well as indicated
by seismic data (seismic line 26-76 between shot points
643 and 653). This location places the rise of the base
of the Nanushuk about 10 km from the rise of the shelf
break as projected across depositional strike.

The rise of the shelf break would be indicated in
Nanushuk deposition either by vertically stacked shoreface

Subsurface Correlations and Depositional History 51
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(Projected from 4 km north-northwest)

Total depth 10,664 ft (3250 m)

WSwW e ENE

51 50 49 4|8 4|7 46 45 4? 43 42 4‘1 P

40 39 38 37 36 315 31|1 33 32 3]1

30 2|9 28 2|7 2 25 24 2|3

[ [ |
'| T ign[ T I l H;;[!;_ —0
_J} fl WI AL AT Il =
‘ IC AN -l B HE | i ,....”,,n,nk
_ Lo EUtD = ! 1 o5 e el ig
e Pt gt el e ,'; ot 2%
_ :‘. Colville Group 3= %‘ z e 3 ;
SEnERS s ! : P b =
= > R e || i DEEE o
0 18 5 Ll e - ! ! 3 o J:-N_“_ e
5 ) 5 Pashuh 4 it alt | sy
1] i : L ooy 1o |13 dql e b =
i i st ol el A el || hatd =k —2 0
iR " .;"‘” i:'" et ,,,,,Nanushuk Group! = =3 i e ;F" 5
— =':.=‘ 3 e i Pl s e mady LT ; o ?R' ¥ o
: Rots
o 7 s 2
n —|m o ftvaers trmerion b “::v - r!"‘“‘ —3 «
g ihT- nenfaadl ’ i e & s )
. S, T ol el 3
— A A riptsp] ]
Q 1.0 R R g B
e sty Mol biabiny E iy vadioh o) o nrays E
@ i ",‘.'Zﬁ’&r;’lm T e i) it e O] >
= t';‘b M L ™ Torok Formatlon,ﬁ BOR e =
= it t'mnhp'wm’ ot g . R ,;,,;,,.‘ ey o &
w | »-»..»»l»,.» i Ued et 40 !:r, "’I i it it-ten
= , e st G S i ol 5' tw‘” o) e e Sl I
= s A e~ 1 bk """"é""* ol T i e
I i ety S . e ok 5
Z 1.5 —* o s q [ i Bottomsets 2
= B Bl o e poees o S G 7 &
o '? : g" s SR 'M“'m’k Pebble shale unitii frtii T - i b @
B prestover ~otei{ Hitaet I by IO (N et VTR IR IRy , 8 2]
B friaet » e IKLAGE 14l 5 "l“»m»“w-! roddg L 2
. - Pre-Cretaceous e st S s ok e o o 1 e it %)
2.0 } -4 e eyt biEe T - =g
o R Lo = : m— »WL
_ " gristues Eguentivdt] IM»‘»’-’” {'J it
e Rentommn SR el s 4 ,H,,:'ﬁ""",:'. R T ’“»"'nu” Nmmm m_h.»n»::»ﬂ
g J i : "M'""H‘ ey Il ) R
e e -
At e "“"’r* ettt S el Rl R ?"32"11:!3""'r' e e
2.5 Mg :»-3 o ’w& T .,mvh. ) {1 PRIl dee il ) Al v‘;m -
S s e W SUAE s Yoo R it T i
‘:"’:?‘... b 'Mw": e "»”“n” ;,,n»"‘ »-—»5 -»-.v-zi'iim "'?""m “”ﬁ:&mﬂ £ ")"n:?»f‘."'xf:':..@‘v-u 1= "’m-ﬁ-"m'w.i..»mvl—
if 11.5 KILOMETERS >

Figure 19. Seismic section in northeastern National Petroleum Reserve in Alaska showing relationships
of topset bedding of Nanushuk Group and uppermost Torok Formation, foreset bedding of Torok, and
bottomset bedding of lower Torok. Upper dashed line is Colville-Nanushuk contact, lower dashed line
is Torok-pebble shale contact, and dots represent position of shelf break. Note stratigraphic rise of shelf
break from west to east. See figure 17 and table 3 for location of East Teshekpuk well (32). Numbers

across top of figure are shot-point numbers.

sandstones or, more likely, by minor transgressions and
neritic shale deposition between prograding Nanushuk
shoreface or shelf sandstones. The major stratigraphic
rises may be correlatable basin-wide transgressive events.
Smaller rises could be caused by the local effect of delta
shifting, or by basin subsidence caused by isostatic load-
ing of delta lobes.

In some areas, the shelf break remains at the same
stratigraphic level, indicating that relative sea level must
have been constant as the shelf break prograded seaward.
A relative drop in sea level and a subsequent beveling
of the top of the foreset beds could also cause this feature.
As well as being detectable on seismic lines, the shelf
break can also be noted on dipmeter logs of wells in
northeastern NPRA by a 3-5° dip increase in the upper
part of the Torok.

The total incremental stratigraphic rise of the base
of the Nanushuk from the Tunalik-1 well on the west
to the Atigaru Point-1 well on the east, a distance of
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350 km, is about 2,100 m as shown on the northern coast-
al plain cross section (fig. 18B). The average rate of rise
is about 6 m/km. A significant additional rise takes place
between the Tunalik—1 well and the Corwin Bluff surface
section 220 km to the southwest, but correlation from the
outcrops to the subsurface in that area is too imprecise.
However, Chapman and Sable (1960, p. 91-95), in an
excellent photogeologic and surface study of a large part
of the western outcrop belt between Corwin Bluff and
the Kaolak well, determined the average rate of facies
change (or stratigraphic rise) of the base of the Nanushuk
to be 21 m/km in a N. 32° E. direction. This amounts
to about 3,000 m of rise in their study area, a distance
of about 145 km across depositional strike. This rate may
be excessive, but it does help to explain the change from
the 3,444 + m-thick Corwin Bluff section to thinner sec-
tions in the subsurface to the northeast. Also, the high
rate of stratigraphic rise may indicate an increased rate
of subsidence toward the south.
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Figure 20. Seismic section in northeastern National Petroleum Reserve in Alaska showing disturbed zone
in Torok Formation and discontinuity of the pebble-shale reflector. This disturbed zone and discontinuity
is thought to be caused by submarine slumping and scouring. Upper dashed line is Colville-Nanushuk
contact, lower dashed line is Torok-pebble shale contact, and dots represent position of shelf break.
Note development of slope-foreset beds in lower Colville Group. Apparent structure in pre-pebble shale
reflectors is due to seismic velocity of disturbed zone being greater than velocity of undisturbed adjacent
sections. See figure 17 and table 3 for location of North Kalikpik well (40). Numbers across top of figure

are shot-point numbers.

Further evidence for the increased rate of subsidence
to the south is indicated by less and (or) later subsidence
of the Barrow arch on the north side of the Colville basin.
The Barrow arch was probably a passive high, but was
never high enough to be subjected to erosion during
Nanushuk time, as indicated by the presence of the dis-
tinctive pebble shale unit of Neocomian Age over the
arch. (The absence of pebble shale in the area between
the Fish Creek and Atigaru Point wells was caused by
postdepositional submarine slumping or scouring, as pre-
viously explained.) The cross sections that extend to the
north or northeast part of NPRA show the basal Torok
Formation onlapping the pebble shale unit (fig. 18). This
onlapping indicates that the northern side of the Colville
basin subsided at a lower rate and (or) later time. A lower
rate is indicated by the progessive southward depositional
thickening of the Torok shown on the two cross sections
in the southeastern part of NPRA (fig. 18D and E) as

opposed to the facies-controlled southwestward thickening
of the Nanushuk (fig. 21).

An interesting pattern of depositional thinning of the
Nanushuk in a landward direction (west or southwest) is
indicated on many of the east-west-trending seismic lines
in the northern part of NPRA. Several measurements of
topset-bed convergence were made along line 26-74 from
the Fish Creek area to the area near the Ikpikpuk—1 well
and on line 26-76 from the area of the South Meade well
to the western coast (fig. 17). Topset reflectors traced
continuously for distances of from 8 to 60 km along these
lines showed westward convergence ranging from 0.2 to
2.3 cm/km for each meter of thickness. This convergence
may be explained by either compactional differences or
actual differences in basement subsidence. Compactional
differences may be caused by the delta front prograding
over prodelta shales that were less compacted than adja-
cent, but older, prodelta shales to the west, thus allowing
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Figure 21. Isopach map of Nanushuk Group (modified from Bird and Andrews, 1979). Refer to both figure

17 and tables 3 and 4 for identification of control points. Numbers beside control points indicate thickness
of Nanushuk Group; a + after number by well indicates minimal thickness owing to top of Nanushuk
having been eroded. A + after number by an outcrop section indicates an incomplete section of Nanushuk.

a greater Nanushuk thickness to accumulate. Differences
in basement subsidence, on the other hand, may be the
result of deltaic loading in which slightly greater subsi-
dence occurred in the delta-front area. In both explana-
tions the locus of greater subsidence would migrate as
the delta prograded.

SHORELINE TRENDS AND BASIN
CONFIGURATION

Most of the Corwin delta and, to a lesser extent,
the Umiat delta were river-dominated systems (Ahlbrandt
and others, 1979, p. 17), and, as a result, the shorelines
were probably moderately to extremely digitate, or in
other words had a bird’s-foot pattern. However, the over-
all shoreline trend of most of the basin throughout
Nanushuk time was north-northwest or normal to the dip
of the slope-foreset bedding of the Torok as indicated by
seismic data and facies patterns from well data (figs. 21
and 23). East-dipping foresets can be seen on seismic
lines as far as 8 km south of the Umiat and Wolf Creek
wells (fig. 17). Immediately to the south of that area,
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however, the shoreline trends abruptly change to east-west
because of the effect of north-prograding deltaic systems
from the ancestral Brooks Range (fig. 24). This east-west
orientation is indicated in the outcrop belt south and
southeast of the Colville River by north-directed fluvial
channel trends (fig. 23; Huffman and others, this volume)
and the long linear east-west trend of Tuktu Bluff, which
is made up of thick, stacked delta-front sands of the Tuktu
Formation.

Because the preserved part of the Colville basin was
asymmetric with the greatest subsidence on the south, the
north-prograding deltas from the ancestral Brooks Range
probably had narrow delta or coastal plains and more ab-
rupt facies changes. More deep-water sandstones might
be expected in the Torok to the north in front of these
active sediment sources. An example would be the 790-m-
thick section of sandstone and shale in the Gilead Creek-
Ivishak River area 65 km northeast of the Marmot
syncline section (Keller and others, 1961, p. 204) that
are thought to be deep-water equivalents of the Nanushuk
(Huffman and others, this volume). The southern parts
of the two cross sections that connect to outcrop sections
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Isopach map of Torok Formation (modified from Bird and Andrews, 1979). Numbers beside wells

indicate thickness of Torok Formation; thickness values in parentheses have been corrected (approximately)
for tectonic thickening in thrust-faulted anticlines. Refer to both figure 17 and table 3 for identification of

control points.

at Killik River and Tuktu Bluff, respectively (fig. 18D
and E), show the inferred relationships of the southern-
source Umiat delta and the areas to the north. These sec-
tions also demonstrate the southward thickening of basin
fill during Early Cretaceous time.

In addition to the rapid facies change of the Tuktu
Formation grading to Torok shale between the Tuktu Bluff
section and the Grandstand—1 well, depositional thicken-
ing of the Nanushuk to the south similar to that noted
in the underlying Torok Formation, probably has oc-
curred. However, this thickening could not be verified
by the poor-quality old U.S. Navy seismic line in that
area.

Foreset bedding is better developed in the east or
northeast parts of NPRA. In the western part, these fea-
tures become more obscure and less numerous partly be-
cause of poor seismic data in the shallow Nanushuk-Torok
interval. Some foreset bedding can be seen, however, as
far west as the Tunalik—1 well and just east of the
Kaolak—1 well where the foreset beds are at a much lower
angle than the foresets to the east.

By measuring the time intervals on the seismic sec-

tion from top to base of foresets and applying proper ve-
locities from nearby well data, calculations were made
of the approximate foreset slope angle and the relief of
the foresets, which approximate the depth of water (less
compaction) at the time of deposition. The dip angles of
the foreset beds are calculated relative to the topset beds,
which are considered to have been almost flat at the time
of deposition (probably less than 0.25° dip seaward). The
calculated foreset dips range from less than 2° on the west
to 4-6° on the east and northeast part of NPRA. These
calculations were made on the steeper upper parts of the
foresets averaged over at least 4 km of horizontal dis-
tance. The calculations are from unmigrated seismic data,
but migrated data would not change the figures signifi-
cantly. The relief of the foresets from top to base is 450—
900 m. Allowing for compaction, the basin slope was
slightly steeper than the indicated dip, and the water depth
at the base of the slope was slightly greater than 450-900
m. Water depths probably increased to the south beyond
the areas of interpretable seismic data.

No large canyons cutting the slope or foreset bed-
ding have been observed or reported on any of the seismic
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lines (excluding the Turonian-shale-filled Simpson can-
yon, which was probably cut as a submarine canyon in
late Nanushuk time). However, there are probably small
gullies or slumps that may be feeder channels for deep-
water sands or turbidites at the base of the foreset or in
bottomset beds. Many irregularities, in fact, are visible
on the seismic lines, suggestin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>