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"% . Abstract
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Seismic, magnetic and.gravity data indicate that the Chukchi and

;;ﬁeaufort epicontinental seas off northern Alaska overlie three sedimentary

'3;T"hasins, or provinces, separated by structural highs of rcgional extent.

their enclosed sediments
The basins trend west to northwest and/become increasingly marine from

‘:; south to north. The Chukchi—neaufort continental margin is similar to

HT* : “those of Atlantic type.

(:) Hope basin, in the southern Chukchi Sea, overlies strongly deformed

Paleozoic to mld—Crataceous rocks of the Brooks Range orogen. The basin

—

' 13 1n£erred to contain nonmarine and marine clastic sadimentaxy rocks

“in a l-km-thick Upper Cretaceous(?), a 1 1/2-km~thick Paleogene(?), and

P a 3/4-km-thick Neogene (?) sequence. A large anticline and many faults

\“ 7 —all bhot M’ w.\‘.jto‘\'"
and smaller folds disrupt mainly the Older/sequences. 3

+ -+ 7he Hope basin sedimentary units onlap Herald arch, which trénds

- northwest from Cape Lisburne in the central Chukchi Sea. At the Herald
‘f;ﬁﬁult zone_Brooks'Range rocks in the arch are thrust east or northeast

L7 ‘over Mississippian to Jurassic shelf carborate and clastic rccks of the
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“4 . Introduction

Arctiélalaska (Ellesmerian) basin amd overlying Cretaceouu flysch and

molasse of the Colville geosyncline. These Mississippian to Cretaceous

rocks underlie the northeast Chukchi Sea and reportedly are about 10 lam
" thick near the Herald fault zone on the Lisburne Peninsula. The great

: -TChukchi syntaxis in western Brooks Range rocks and structures is

. ;.__};thought to result fzc:n :.nt&rsectxon of the west-tremding Brooks Range

, wvith -

‘x:_orogen / the northwest-trendxng Herald fault zone.

The Mississippian to Jurassic shelf sequence thins northward, and

":.onlaps the Barrow arch, which trends northwest from Point Barrow to

161 H long., thence west-southwest to the Herald fault zone. The

o to the : |
-;and the proqradational Beaufort continental terrace/eeft. g e e

rhe_EESEE_Egggggl_gggig may contain about 6 km of probable Cretaceous
.1in origin.
and Tertiary section, which may be .  deltaicf Diapirs (of Cretaceoua

-

B ;5~:cont1nental textaCe east of the Colville River delta. These rocks dip

" deformed
'5gent1y seaward west of 146° w. long. but are / into long, high-

;Tfanplitude, east-northeast-striking folds to the east,

——

.- The geologic structure of the Alaskan continental terrace north of
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iBerlng Strait (Fié,/l) has been studied by the U.S. Geological Surxvey
. ' 4 o .

-_Figure 1 near here.

-

51n.cﬁépetation with thé'b.s..Coast GﬁardAgince 1969, utilizing the ieebreaking
Coast Guard cutters STORIS GLACIER and BURTON ISLAND. Reconnaissance

data have now been obtained from the Alaska and Siberian coasts north to

th- polar ice pack b&*ween Mac&enzxe Bay on the east and 176° W. long. on

~,‘ -

the west (Fig. 2). O0:z- d:ta consist of sxngle-channel seismic reflection

"Sitfirigurg 2 near here. .- R : ﬁ.jJ;zfﬁ;f: - l;'“ﬁ'f'llf‘ :fgglfffs

';sj?‘pgofiles using 120 or 160 kilojoule sparker sources and} at timés. 40, 80

£,6£I360 cu. in. air—qun sources; Tbtal ma§netic field measuzeﬁents weré

‘u:obtained concurrently along most of the zeflectxon ptofiles, and qravity

,i fidata along about a thirad of them Th;rty-one sonobuoy refraction line;
‘ ':(Pig 2) were also obtained. The sexsmic reflection, magnetic, and

: gravity data through 1973 have been released to U.S. Geological Survey

'_fopen file as Cady and others, 1973; Grantz and others, 1970a, 1971,

';?%t 1972&, 1972h, 1974a, and 1974b, and Hanna ard others, 1974

‘;q"fgi'ﬂ' This report, a prelxm;nazy and in many instances a tentative

_ interpretatxon of our geophysical data, was written by the senior author.

':‘;tuxblmes and Grantz reduced the sonobuoy refraction data, and Kososki
,Q:;lgigggiéted in assembling data and‘compiling {1lustrations: Ne are~gzatefu1
 .A£o‘;hé U.S; éoast Guard for shié and helicopter support, navigation,
bathymetricldata; and assistance in operating geophysical equipment.

' W. P. Brosge, D. M. Hopkins, H. N. Reiser, and I. L. Tallleur and other

.
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.. UsGs colleagues, an& a munber of industry sclientists offeréd‘valuable
- o/ ) ’ )
suggestions and discussion. We thank William P. Bzosgé

for reviewing the manuscript and Olive T. Whitney for assisting

1

-p§1in compiling data and preparing the illustrations.

“Bathymetric Setting-

——

RH At Point Barrow.the Chnkchiégﬁaufért continental terrace is
A-;é;vidéd into two phyéibaraphic provinces (Fig. 1), To the east, in thé-
'JT;Beaufort Sea, the continental shelf is shallow and relatively narrow and
I'lzﬁ??shoals steadily from the shelf break to the botder1ng low Arctic coastal
p].ain The adjacent contipental slope, the Beaufort scarp, is steep, |
‘;lxiiide;r, apa strongly sculptured by sluméé and leveed channelsloff the
I“f;es£erg and central Beaufort shelf. Eastward, the slope becaomes
‘--;progressively smoother and gentlex, and is being progrsdgd northward by
':iiediment from the Mackenzie delta. . :? R A -

Pt - Point " .
TR Nbst of /Barrow the comtinental terrace underlies the Chukchi Sea.

A LT T e

.

Its shallow shelf is part of one of the most extensive flat places on
'7' earth, the broad Laptev-East Siberian-Chukchi continental shelf (Fig 1) \Wl

 A\Seaward this shelf is bounded by the Bcaufort sca:p,and by presumed

-*u continent 1l ogutliers, Nurthwind Seahigh and Chukchi Cap (Fig. 1), which _
lie north of the scarp in the Canada basin of the Arctic Ocean. From Point
.Lay north the Chukechi contxnental shelf abuts the low Arctic coastal

'_pIAin.,bﬂt elsewhere it gemerally meets land at sea cliffs.

-1~

' Tectonic overview and regional stratigraphy

—

“it. 07 74 The Beaufort continental shelf in Alaska is underlain, at least in

- - -
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'ﬁ Figqure 3 near here.
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Cretaceoqs and Tertiary sedimentary rocks that prograded northward from 'un Qlﬁ‘

the Barrow arch (Figz. 3). The arch is a broad regional structure whose

1

.axis lies near the Beaufort coast between Point Barrow and Camden Bay

"(Pigs 1 and 3). Because the Beaufort continental terrace is linear,

-lacking

o progradational in at least its higher beds, / strong landward-directed

" : compressional structures, and faces a deep basin with'oceanic crust (the

';:ngada basin), it resembles ocontinental margins of Atlantic type
Z ' (Beck, '1972). | |
i The Chukchilc;)ntinental shelf is geologically more diverse and c.omp]..e.x.
L tﬁﬁ; the Beaufort shelf,because it exterds southeast across the ﬁrooks
-:;ia&déé and as;oclatea ran&és of the Cordilleran foldbelt in northweét

'}'Ala;ka. This extension of the Chukchi Sea was possible bé;;use Hope
"bas;n; which éontains a broad prism of soft Tertiary clastic recks, and
'{:a_loﬁ-lyiné late Tertiary depositional surface underlie the southern

. Chuﬁchi Sea. Flooding of the low-lying surface and repeated ngietnary

- ‘'intarglacial marine planation of the soft clastic rocks has extended the
P i S S S PN ) f

southern Chukchi Sea (average deoth 50 m) over almost all of Hope basin.

—— ——

_fhé shorelines of this sea were, in most places, stabilized only where

~marine abrasion reached the harder, pre-Tertiary rocks that surround the

basin.

- The pre-Tertiary rocks of the Chukchi-Beaufort continental terrace

~are extensively exposed in the Brooks Range and in outcrops and test

W

oy

Lt5'higher:3tructu;gi levels, by generally gently nofthward-dipping 'Qéq\ é}l
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- R;nge are considered to be flexures related to east-northeast transport

' The Chukchi syntaxis (Tailleur, 1969) of the western Brooks Range is
' 'bel#eved to represent the intersection of the Brooks Range orogen by a
‘slightly later early Laramide thrust and fold system in the Chukchi Sea

* (Grantz and others, 1970b).

' “:in many places metamorphosed,

. goperally acoustic basement for seismic energy,

wells on the North Slope. - llowever, the Tertiary basins of the terrace
. . / : .
P
are known aloost gptirely from marine gcophysical data. The megascale
structure of the pre-Tertiary rocks, which is reflected in a series of

swgepgngAsyntaxial and oroclinal flexures, is shown in Figures 1 and 3.

The Porcupine and Ogilvie oroclines {Fig. 1) of the eastern Brooks

of northern Alaska along .the Kaltaq and related faults (Grantz, 1966).

"~ The bedded rocks of the Brooks Range and Nor{h Slope and of much of
zrthe»chukchi-ﬁeaufort continental terrace can be grouped into five
" sequences that reflect major stages in the tectonic evolution of Arctic
equence. Jor 9 : -

""Alaska (see Alaska Geoldgical Society, 1971, 1972; Brosgé and Dutro,

1973, Btosgé and Tailleur, 1971; Churkin, 1973; and Lerand, 1973, for

_recent summaries of these rocks). Four of these'sequences, as developed

.-on the North Slcpe, are shown in Figure 4. A fifth occupies Hope basin.

' Plgure 4 near here. ' s . -

1,

'-f; VY Cambrian to Dewonian strata of both eu- and miogeosynclinal facies,

constitute "
basement for petroleum exploration, and

on the North Slope. . -
These beds may have been deposited in an extension of the Franklinian ’

geosyncline of Arctic canada. For the sake of bteéity they are referred

6
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to as Franklinian(’)/aoquence, rocks or basement in this paper.

-(:) Above phe_rranklinian(?) rocks is a regional angular
unconformity that marks the consolidation of the Franklinian{?)

goosyncline on the North Slope into the stable Arctic Platform. late Devonian

or Barlv Mississi an_to e etaceous clastic and carbonate sediments,

derived from northern source areas, were deposited on the platform

15 the Arctic Alaska basin of Tailleur and Brosgé (1970). Lerand (1973)

! assigns these rocks to his Ellesmerian sequence, a convenient usage

'that we will follow in this paper. The platform rocks thin, coarsen,

and onlap northward toward Barrovia (Tailleur, 1973), a provenance area

o lying north of the Arctic Platform and the present coast. ‘The term
W o .  acar
Arctic Platford’ (Payne, 1955; and Miller, Payne. and Gryc, 1959)

origxnally designated the northern frlnge of the platform upon which

i

: the Ellesmarlan xocks of the North slope were deposited and also the

P >

offshore provenance area for these rocks. Payne and others (1952) had-

o earlier called this feature the Barrow Platform. In the present paper,

-—-? F,-\L\ iama Rot

- //
13 the term Arctic Platform 1s rest:icted to an ohservable feature, the

foundation upon which the Ellesmerxan sequence of platform rocks of\Fhe

North Slope was deposited. The provenance area, the existence,

of which
dimensions and present position/can only be inferred, requires a separate

X
%F name for which Tailleur's term Barrovia is appropriate. Near Prudhoe

“Bay the Ellesmerian rocks contain giant oil and gas accumulations within

Strusturss on the Mesozoic Barrow arch. In and south of the southern

Brooks Range, the Ellesmerian platferm and shelf rocks grade into
WMNW

CuJcosynclinal facies. The Ellesmerian beds are readily sounded by
,\\M

e L
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~Concurrent depression of the overridden southérn half of the Arctic

31.;:';.3]-.'5- E£rom large se-ismic -sources. llowever, we pencetrated them only
near tbe Barrow arch, Qhere they are rélatively shallow.l

(:)iﬁllafest Jurassic and eariieét Cretacesus time majorltectonism
resﬁ;ped northeznlalaska and Canada basin,-andlon the North Slope |
southern sources of detrital sediment replaced northern ones. | The Brooks
me o:ogeny, resultin:;“:\tense Nevadan and Laramide compression in the
souf:hérn part of the Arctic Platfdzm, caused large nappes of Paleozoic
to Cretaceous eu- and miogeosynclinal rocks and plat;_form angd foredeep

to be thrust
zocks/telatively northward onto the central part of the platform.

—

quregate shortgn;ng in the western B:ooks Range.exceeded 100 ‘am

—— -~

(Martin, 1970) and may have exceeded 240 km (Snelson and Tailleur, 1968).

Plat:fom created a foredeep, the Colville geosyncline, which recewed
SorVAAAE SeUe AR

lower Lower Cretaceous (Neoconian) flysch and ol).stos!;romes from the

developiogn

/... Brooks Range orogen. In the southern part of the North SIOpe

.l

these J:ocks, the Okpikruak Formation (Fig. 4), unconfor:mbly overlie

the Ellesmerxan sequence. Northward the flysch grades laterally intec
_ shobe shad2?

'Eondensed(?ocuinoid shalé) and then organic shale of partly northern

provenance beneath the Arctic foothills and coastal plain. 'I‘he organic
Shalé, infornal1y called the "pebble shale™ or "Okpikruak shale”, is

thouqh't' to be an important source -rock for petroleum at Prudhoe Bay.

@ continued uplift in the Brooks Range orogen fed voluminous detritus

resultiag in o
ho'thward / a series of thick, northward- ﬂhlngling uprer Lower Creteceous

(Albxan) to Tertiary molasse wedges in the Colville geosyncline (Fig. 4)

. Taese wedges grade northward into deltaic, paralic and shallow marine




Jnﬁ:the Cretaceous rocks of the Colville geosyncline (Brosqe and Tailleur, 1971).

,,:

.tJ
"

’ﬂygdstic fac;es that in part onlappcd and in part oven%tepped/Bazrow arch,

The deggcenters of the wedges migrated progressively rortbwatd flll;ng
w

' .the geosyncline and ovetspilling.its northern margin, Barrow arch, to

—~—

“form the prograda;xonal Baau‘ott continental terrace and £111 the North
. Chukchi basxn. Encouraging quantities of oil and gas have been found xn

wvestern
(:7? Compressxon ir¥the\ Brooks Ranqe orogen continued into the Late

s e

Cretaceous and pe:haps the early Tertiary,

hﬂﬁgnd ‘apparently into ;he Neogene in the northeastern Brooks Rarnge and its

-i}ﬁ;bréihnd (Fig. 3). The Albian molasse wedges north of the Brooks Range

Eatne 200 S

" are dominated structurally by flat thrusts and related detaq&egg&_fg&é;

) e

*eraoted in the northern bart of the orogen. In the southern Chukchi Sea,

‘. _;.‘/.-—-q.—

. ! post-orogenic crustal extension created the Hope basin, which lies

iihth&a;t the structural grain of the western Brooks Range. The extension

.'ﬂimay4be related to Laramide to mid-Tertiary (Patton and Hoare, 1968)

P

'Q';;éast;hoitheastward transport'of northern Alaska along the Kaltag fault.

SRS Our seismic reflection data are best in the Cretaceous and Tertiazy

.‘ rocks of the Colville geosyncline, Beaufort shelf and Hope and North

j?Chukchi basins. Even in thess relatxvely soft rocks, however, our

maximum penetrat;on; ranged between 1 1/2 and 3 1/2 seconds of two-way

.time. or-about 2 to 4 km. The framework elements of the Chukchi-Bsaufort

AN

eontinental terrace are discussed below from south to north in the

Sea.
Chukchi Sea, and west to cast in the Beaufort/ The discussion is based

- mainly upon our seismic data and extrapolatlons from onshore geolagy,
. ff\__\ﬁ—'—_—_______,_,—v-—-

supplemented by study of four dredge hauls by the University o9f Washington,

the .

Y Py




V 'and some magnetic anxd gravity measurements.

- deposited in pre basin, that rests unconformably upon upper Lower

'Cretaceous (Albian) and older deformed rocks of the Brooks Range orogen

: depth o’ about 3,000 feet {915 m); 2 0 seconds ahout 7,500 feet (2,300 m); e

R L,
S

:ﬂH;ﬁﬁiong refractioo lines reportad by Hunkins (1966) and Milne (1966), . ;,k? f;,

Hoée'basin

%—:——-

The. southern Chukchi Sea is underlain by a sedxmentary prism,

E o -w--{ ':_:. -
AN N : R A

.(F;g. 3) The gentle’ structure and low semsmic velocities that

characterize this prism, together with the age of the underlying rocks,

suggest that it is prohably Tertiary. and possxbly in part Upper

¢ .
Cretaceous in age. The basin has been extrapolated onshore to the Kobuk River delta

and the Selawik Lowland (Figure 3) on the basis of gravity data reported by Barnes (1971)
Acoustxc basement, which consists of ceformed rqcks ot the Brooks

P A Ve
Lo, .

Rauge orogen, can be followed from coastal outcrops in Alaska and
Chukotka to beneath the deepest parts of HoPe basin. In most of the
basin reflection t;me to acoustic baserent exceeds 1.0 second. In an

'a:ea some 8 ,000 sq km in extent south of Point Hope it exceeds 2 0

__seconds ano in small areas 2.5 seconds. On the basis of the velocity . f f‘xjglfh

structure derived from sonobuoy refractlon profiles in Hope basin
(Pige. 5 and 6), 1.0 second of two-way reflection time represents a '
< g

—— — - . [ . 1

Figures 5 and 6 near here. T ,'-f::'E"‘_;;i;;:;- 'xj-]_ff‘. ' i.- . "ﬁflﬂ-'{fil

- . o ~ T R N .

and 2.5 seconds about 10, 000 feet (3, 050 m), and it is these values that . ‘f
ara eontoured in Figs. 3 and 17. The deepast refraction we obtainad

from acoustic basemert (Vp = 4.5) is at _,soo m, in good agreenent with

e el e e et o e e T R o ' - - B it bt e et et s I
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reflection data there.

" Easteru
/Hope basin contains three main aopustic reflcction units as shown

-~

in Figure 6 and in Figurs 7, a northaast-southwest section somewhat cast

 Pigure 7 nzar here

of the\ deepest part of the basin..' The lowlest unit, \-rp = 3,1-3.3 ¥km/sec.,
is as much as 0.5-0.6 seconds, or about 800-900 m thick. It occurs in
ti‘le_southem half of the B#sin and abuts agau'wt: acoustic basement
on the south., near Seward Péninsula aud on the north,lin ghe major
synclina! downwarp of Hope basin. The top of th& unit is the strongégt

oupzajbasement reflector in the basin, The middle unit, Vp = 1._‘9:_-'2.9 km/

sec., is as mich as 1.2 seconds or about 1,500 m thick. It ove;.'steps the .

. - 4 - . <
. basal unconformity of the lower unit and extends acxoss the entire basin,

vithin of )
/ which it is the principal unit. Densities/ this unit are

evidently-very sengitive to thickness of overburden, for there is a

good correlation between seismic velocity and depth of burial within

it. The assignment of rocks ranging in velocity from 1.9 to 2.9 km/seé.

_- to the middle umit is supported by our seismic reflection records. Host

faulting and folding in Bope basin is in the lower and middle units
(Fig. 7). The apper unit, Vp = 1.7-1.9 km/sec., is as much as 0.8-0.9
seconds or about 750 m thick. It forms a slightly deformed lens of

stediment in the central and northern parts of Hope basin. In the north

this unit overstaps faultad and folded beds of the middle unit to rest
vnderlying

- ©n acoustic basement / Herald arch, which forms the north margin of

the basin,

. ' eastern
_ The_axes of subsidence and sedimentation in/rope basin shifted

-1

1

—ry " g 4 B - :
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(Pigs. 3 and 7), the large, broad east-west-stziking anticline in ;.‘; };Q ; %

separate S e

southeastern Hope basin, is due to its location between the/axes of o RO

‘ - (subsidence) ey L
greatest thickness/of the lower and middle unxts. Downbowing of the IR

: and upper IO o

- base of the middle/units south of the anticline, and local northward onlap

: of the hase of the middle unit toward the anticline,indicates that there - _'. ;_l?iﬁ

was." gtowth on this structure or subsidence south of it, ;.: | _j
_during m;ddle unit and later time. - : _f;ztnf';_f*‘.»'ﬂ;' }f':'-; T ‘
:;5f!§‘ ' . qge and lithology’of Hope basin strata axe 5552239_225_ ;?

basin £ill are §lightly to moderately consolidated Upper Cretaceous and

~ Tertiary sedimentary yocks.
M

or Lower

progressively northward with time. The depocenter of the middle unit | VT
% . ’ . R
overlies the northern wedge edge of the lower unit. The upper unit, in

turn, oversteps the northAlmmit of the middle unit and occurs mainly in
of the basin.

:he northern half/ Part of the structural relief of Xotzebue anticline

' the seismic velocities of its rocks and from )
some inferences can be drawn from/the character of the few outcrops of ; B

Ybuﬁg sedimentary rocks in the surtounding onshore. . IT.=1.:-,! %!L_ W

I

DU f The'presumed onshore correlatives of Hope

The surrounding mid-Cretaceous apd clder
rocks are s too high in seienic velocity or are too
atrongly deformed to correlate with the lou velocity (Vp = 1.7-3.3 km/sec‘j'
and genetally gently deformed Hope basin £il1l. The slightly'to node:aiely
consolidated rocks are mainly nonmarine, commonly coal-bearing, and R

occur in small basins or bagin remnants on Seward Peninsula, ChUkotka i ‘f_ﬂz;i;:'

and around Kotzebuz Sound. The nonmarine rocks include: (?E)Upper Ctetaceous'

— —

Tartiary coal-bearing rocks in the Xugruk River valley,

Seward Peninsula (Sainsbury, 1974)§:iowet Tertiary lignite-bearing beds

————— e

12 ) ) .- - ) ) ' :’; Y ‘ l‘-:l .- 3




': Neogena marine outcrops and the perlodlc exchanges of Neogene marine
: ?faunas across Bering Strait 1nd1cate that at least pazt ‘of the Necgene
- ;section in the basin is marine. Indeed, given a marine coﬁnectxon and
I;: suitable lnterplay between subgidence and sedimentatxon, Hope ha31n

fcould contaxn a significan* section of/shallow water marine sediments.

o o i et ' . , R

on_Eschscﬁoltz Bay, Kotzcbua Sound (Quackenbush, 1909; D. M. Hopkins,
_I.-—\_/\./___‘ — -
ers. Comm., 1974), (3)Y mid-Tertiary lignite-bearing rocks occurring as
\—-—\—"—W
crater ring
exotic blocks in ﬂﬂar/d_gg*~ts neayr Devil Mountain, northern Seward
———— e —

Penxnsula Hopkins, pers. comm., 1974); §j§ in outcrop in
upp

Selawik Low atton and Miller, 1968), and

roéks near Vankarem River, northern Chukotka (Petrov, 1967) and near
_—,__.__’_'_'_\_,_ﬁ

er Tertlary nonmarine

- Noxpaga (Sainsbury, 1974) and Deering on the Seward Peninsula. Neé}shore
W—W ————
marine deposits of Neogene age are reported from Cape Enmakai, northern

Q,Chukotka {Belevich, 1969) and near Kivalina in northwest Alaska (Hopkins
g?fand HacNe11 1960). 1In addition, eggégg_ifgigggns.were probably
'.§jdeposited in Hope basin during tHe interchangeS'of pPacific and Arctic

;¥’:marine faunas thzough Bering Strait which ‘occurred from 10 to & and

3 L/3 to 1 million years ago, as well as Lntermittently during the last

~f million years {Hopkins, 1967, and perqpae% commpR-, 1974).

-?The chatacter of the marginal outcrops suggests that pre basin was
WW

S

' filled mainly by nonmarine rocks. However, the presence of some margina.

.o—-—vw——"v\

Neogene

Cbmpress ional velocit;es in the upper part of acoustic basement
,'A eastern

”benea*h/dooe basin incraase Urogressively from 3 5 to 3.9 km/sec. at

» “he:ald arch to 5.2 km/sec. near Seward Peninsula. These velocities,

together with the character of the surrounding bedrock, suggest that




7:onshore localities. Thus, - . ‘eastern

:acformcd Hisaisslppiaﬁ toIEafly Cretaceous shale; aandscone.lcarbonate and
chér? underlie northern Hope Rasin, and that Paleozoic carbonate and
ciagtic rocks and probably Paleozoic and Precambrian metamorphic rocks
un&erlie the southern part. This progression matches the north to

south increase in age, induration, and mstemorphism of pre-Upper

Cretaceous rocks across the western Brooks Range.

L eastern
E“ !he lowest reflectznq unit 1n/Hope basin has seismic velocities ’

(Vp) of 3 1 -3.3 kn/sec. that are common in Cretaceous rocks on the North
_ Upper or Lower Tertiary
:slope. "Thus, the unit may correspond to the/Cretaceous/nonmarine rocks

lalénglegruk River. In addition, the lowest unit may contain nonmarine

:lPaleogene rocks such as those which crop out on Eschsekoltz Bay. The

‘imiddle reflectxon unit, with seismlc velocitles of 1.9-2.,9 km/sec., may
;'correspond to the lower and middle Tertiary nonmarine beds near Kotzebue

'156und and on northern Seward Peninsula. The upper reflection unit, with -

'_.:seismic velocitles of 1.7-1. 9 km/sec may represent the nonmatine and

3shallow marine Neogene outcrops of Cape Enmakai, K;valina and other

oA

. Hope basin comnrises

, :thrae successxvely northward migrated-overlapping clastic sub basins or

: and Neogﬂne age. \ o ﬁ- T R

':depocente_s of possible (and approximate) Late Crataceous, Paleogone,

Harald Arch - - NI '-_‘ L . : WL
e —————————, . ) - K . ot - v _-. - . el id 1 }

. Herald shoal and Herald Island cap a broad, low bathymerric swell
thict trends northwest from Cape Lisburne to beyond Wrangel Island, rorth

of Chukotka (Figs. 1 and 3). Scattered outcrops of hard rock, generally

.14
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'suééesé tﬁat pre-Mississippian (Franklinian?) argillite and graywacke and

’ )ﬁcahef°“t reflections, and strongly reflective shallow bedrock

cha:actetize'ihe swell and constitute a belt of shallow acoustic basement, termed-
. / . N

Herald arch, that seﬁarates the sedimentary terranes of Hope basin and

-

Colville geosyncline. The arch connects Paleozoic and early Mesozoic
;;;imencdry rocks in nappes in Lisburne ﬁills on Li;bu:ne Peninsula

(Fig. 1) to rocks 6£ similar age and character on Wrangel.Island {see
BogdanoVv and Tilman, 1964, for a comparison of these rocks). In addition,

plutonic rocks occur on Herald Island (N. A. BoqdanOV, personal commun,,

- — e ————

1970).' Four dredge hauls taken from the arxch by the University of

: Hash;ngion (see Fig. 3 for locations) contain strongly indurated graywacke

and argillite,lithologically similar to Lower Cretaceous beds in the core

"of the Chukchl syntaxis near Cape Thompson (Platt, 1975). The acoustic

from onshore areas, contents of the

charaeter of Herald arch, extrapolated geology/ and the/dredge hauls

-

Miséfssippian to Triassic-clﬁétics. carbonate and chert of the

beneath
Ellesmerian sequence are claose to the sea floor/ the southwest half of

) .
»

'" the atch (Fig. 3). These data also sugqest that deformed‘and strongly

: indurated Lower Cretaceous sandstone and shale are close to the sea floor

in the nqrtheast half of the arch. The Lcw0t Cretaceous beds are

pgrt_of the Tolville Geosyncline sequence, which is normally acousticallv coherent,

that haab been so severely deformed by thrusting and refolding in the

- Herald fault zone and Chukchi syntaxis that the coherence of theis

Oeismic reflect:uua.has largely been destroyed. . : ‘,_ ) I-{AL»-»"

Be:ald arch is developed on the upper plate of Herald fault zone

[

(Sigs. 1 and 3), which thrust§ mainly Paleozoic and Triassic rocks of
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. oider rocks in the arch prior to deposition of the upper (Neogene?) unit.

;.marked by a trend of hills, and later islands, that were leveled by

" and'Tertiary rocks were reduced to low plains.
'Jﬂeiald Fault Zone and Chukchi Syntaxis
' < it ——
- . Lisburne to about 172° w, long., where it is intersected by large o '?ftﬁ

: f;north-houth-trending faulted anticlines. Its continuation, or perhaps

. only an analogous structure, trends east-west north of Wrangel arch

. Bope and North Chukchi basins west of 172° w. long. Wrangel arch is

- interpreted to be a structural and stratigraphic continuation of Herald

IArch' Lisburne Hills and the Brooks Range.
— 8

.',‘2 . .
.~ the Lisburne Hills and central Chukchi Sea relatively east and northeast

. . .
" over Lower Cretaceous molasse and flysch of the Colville geosyncline.

e

Martin' (1970) discussed these structural relationships in the Lisburne

Hills. Herald arch owes its topographic relief to its relatively

——

=

e, ——— —————————

resistant rocks, and its structural relief to a combination of moveme o
W e égan B .

‘ on/HsraId fauwlt zone and subsidence of/Hope basin, which/  in Late ’ ,:-=itizf\-

W—M
Cretaceous or Paleogene time. In part, the subsidence was accomplished

St

. by nommal faulting of the middle (Palesogene?) unit of Hope basin against

" -'°""‘PP“9 of the upper unit against the arch indicates that the arch - . W
obtained .o s
=g_essentia11y/its present geometry by Neogene(?) time. Because of the N ,..';”Q,j

" Bhallow depth of relatively resistant rocks in the arch, it was probably

'_ marine Planation long after the surrounding terrains of softer Cretaceous

* .. Herald fault zone (Figs. 1l and 3) trends northwest from Cape

3,

E(Pigs /11 and 17), a block of acoustic basement that lies between the

~——— T !_-

e ST
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Herald fault zone thrusts Franklinian(?) and Ellesmerian rocks over

'%iLowér Cretaceous rocks of the Colville geosyncline. It is an imbricated
.- . . —_————

5ffau1t zone within which folded Cretaceous beds northeast of the fault .
L —

' became increasingly tilted and broken southwestwaxd until acoustically
n 'ﬂ-»‘ f discetnible structural coherence is lost and the broken beds merge with

' j'pre-Cretaceous acoustic bagsement in Herald axrch. The contrast in Vp across

i R
TN

] ,'}gllifyﬁhe fault zone shown in Pigura B, 3.5 and 3.9 km/sec. south of the fault

' 5ﬁiéfigﬁré 8 near here. »'-.":f';fk - -:'1 ": o .i

’*zone'vs. 2.8 and 3.4 kn/sec. north of it, is 1nterpreted to represent a

ri change £rom oldet and more strongly deformed Cretaceous sedimentary rocks

» rocks
fih !outh of the fault zone to younger and less deformed Cretaceous/north of

\lit. A‘mare extended discussion and illustrations of Be:ald fanlt zone

,r'-' ' -

p *A 5: and Chnkchx syntaxxs are given in Grantz and others (1970b).

d BT ?}7¢:iiQ- Ooff Cape Lisburne, the zone of imbrzcation and related detachment ‘

b e *Wfl !blds along Herald fault Zone jis more than 30 km wide and the folds have
Rt to the

, : 'amplitudes of 1,000 to 1,500 m. Further/ northwest the fault-fold zone

18 equally wide, but amplitudes.of the related folds do not much excesd
; 300 m. These folds are also narrower and attenuate rapidly to 1ow

-uaaplitudes away from Herald arch. This change in the character of the

£au1t zone may be due to a westerly increase in the age of the Cretaceous

:‘57{? :ocks on the north side of the fault. This is discussed in the next

lection. S . .‘ : ]
o {nferred ; belt.

- It 48 /  that Herald fault zone is an extension of the thrust/ that

M%

forms the eastern boundary of exposad Ellesmerian rocks in the Lisburne

17
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Rills, Netth of Cape Lisburne the Herald fault zone crosscuta the
./—-’-“——
: east—west-stt;king detachment or thru;t folds that trend offshoxu from
. which the

‘ the Arctic foothxlls of the Brooks Range and / are related to/uplift

¢ o ‘?‘1and thrusting of the Brooks Range orogen. The Herald fault zone thhs‘

. appears to postdaie the thrust faults and detachment folds of the

~ihorthern Brooks Range and Arctic foothills., Similar conclusions were D

N e e .
p, e LT . - . i S

§‘ikxawn from fieldwork onshore in the Utukok-Corwin area (Chapman and

";Bable, 1960, p. 144) and in the Lisburne Hllls and western Brooks Range d} k.

- . -~

g (Hartin, 1970, p. 3619-3620). Both the Herald and Brooks Range fault N db
'::ﬁ_t zones are pre—ﬂope basin and probably late Early (late Albian) ‘or Late 'g.3;5f-
Cretaceous in age. If these conclusions are substantiated by more - :Qﬁ‘ -

"":/‘-. ’ - 3

)i( detailed studies they would indicate that the Chukchi syntaxis (Figs. 1 and 3)

' represents the near normal transectxon of the Btooks Range orogen by the

T, —— v ____,__N‘-‘-k...——' TN e —— -
B Herald fault zone zather than the oroclinal hending of a single crogen as .

has heen proposed fot example, by Tailleur (1969).

_"the western Noxth slope from Cape Lisburne to Point Barrow and probably t f~ia 4
nnderlie most of the Chukchi Sea between the Herald and Barrou axches a 'ﬂnkf:_ﬁ i

(Fig. 3). These rocks are of southern provenance. They thin northward ﬁ“”ﬁ?*?’ig
. _.f~ ”and in part onlap,lxn part overstep the Barrow arch. Their base can be =~ . ..
i - : . sonobuay PRV
. 1nterpretei on single-channel reflection and/refraction records only
and

P .1.- in the northern, shallow part of the geosynclzne (see Pigs. 8, 9 /lq)

1 . ‘l;ierigures 9 and 10 near here.

18




Onshors the Cretaceous rocks exceed 20,000 feet in thickness in
. . —— m——————

- the foothills north of the western Brooks Range (Brosgé and Tailleur, 1971).
- Thé Colvillian rocks rest on the Ellesrarian sequence except locally on:

the Barrow arch, where they overlie mildly metamorphosed Franklln‘an(?)
oo sediments

u:lro;ks. They are overlain by Tertiary /  of the North Chukchi basin and,
L | . RN .
i Beaufort continental terrace.

. - - . Pt s -
P .o . - . P |

The detachment,or thrust folds of the western No:th Slope occur

j mainly in thick, well-bedded marine and normarine Albian deltaic beds

‘7ff5& seismic reflectors. Good

- (Nanushuk Group) which include many good / acoustic‘penetration was achieved

-'in.these rocks. Both the folds, which are mainly of the Brooks
L - Sv‘wl Con “‘.Qly 77
Range orogen, and the well—bedded rocks were traced about 130 kn offshore

f/hetween Cape Lisburne. and Point Lay. The folds have flank dips of _
e of s -

-'};fi':l-ls , amplitudes/up to 1,200 m, wavelengths of 20-25 km, and strike

t;ta lengths of 50-100 km and are comparable in these characteristics to
‘:?théi:-bnshore counterparts. ‘The fact that these folds die out about 130 xm

: »1ﬂo££shore is of both stratigraphic and structural 1nterest The well—bedded

A'f;"Nanushuk rocks of the folded belt are replaced to the west by pcorly

B bedded rocks with only small, irregular folds. Little
o was obtained suggested
L acoustic penetration/in the poorly bedded rocks. 1t is / that they
. f;;tepresent the Torok Formation (lower Albxan) or perhaps older Cretaceous

: Jf:and Jurasgic shales beheath both the well-bedded Nanushuk Group and

".."" 'the detachment faults im which the thrust folds are believed to be rooted.

‘Additional support for this suggestion is pzbvided by the gravity field,
. uhlch incraases/about 20 mgals in passing from tlhe folded Nanushuk terrane

- to the postulated older terrane west of the folds (B. R. Ruppel, personal

19
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commuu., 197))

/
hortherly,dipping clinoform, or Eoreaet beda oceur extensivaly north

.

" of the folded zoae. They may represent deltaic depoaits in the upper

Formation Group

«Torok/and Naanushuk/ (Albian) and are probably similar to east-dipping

'foreset beds found seismically in the upper part of the Torok Formation

‘on the central North Slope (Brosgé and Tailleur, 197}, p. 83-87). The
overstep

clinoform beds can be seen to / the Barrow arch at the north end of
eflection profile W-W' (Figa. 5 and 10) and to overlie gently south |
dipping Ellesmerian and perhaps earliest Cretaceous beds on the south
flank of Barrow arch. . o _;"_' =

The genaral character of the Colville geosyncline along 168° W. long..n

'i vesc of the folded belt, 13 showm in sonobuoy refraction-baged cross
i ]sec;ion B-B' (Fig. 8). Unit C (Vp = 3.0-3.4 km/sec.) appears to thin and

’ffl'dverstep Barrow arch on the north and to come to the surface at Herald

fault zone on :he south It is about 1 km thick on the south flank of '

Barrou arch and probably thickens considerably towatd Herald fault zone.

the
This unit is tentatively identified as/Torok Formation. The overlying"

—————
B

’-'un‘C/(VP a 2,3-2,8 km/sec.), which also thins over Barrow arch, might

then represent beds of the overlying Nanushuk and possibly Colville Groups.
_——-——_M

" Note that both units A and B appear toovetstep Barrow arch., It is not

;e ;_certain, however, that velocity correlations acrosa the arch fndicate

S

"+ stratigraphic correlations.' Thus, comparison of sectfon B-B' with C-C'

l”f(Fig. 9) and D-D' (Fig., 16) sugsests that north of the arch in section

B-B', unit B (Vp = 2,7-2.8 km/sec.) 1s likely to be early Tertiary. rather
in age.
than Crecaceous / The group of refractors with Vp = 1.7~2,2 km/sec. are

20




| 1nterpreted to be upper Tertiary beds in an embaymeet of the North Chukchi
basin which crasses the west end of Barrow arch, Unic D (Vp = 3.7 km/sec.)
is ten;actvcly corrzlated with the earliesr Cretaceous er the uppetﬁost
giifffffffﬁ_ffﬂﬂfffff Uﬁi: F (Vp = 4.9-5.9 km/sec.) is acoustic basement
'end likely represents the Franklinian{?) sequence. The 4.0 km/sec.
. ‘beneath ‘
refractor - / the north flank of Barrou arch possibly represents a patch of
: gllesmerian rocks within acoustic basement, and the 4,.3(?7) km/eec.
ireftactor iu-unit C-mey in fact represent a patch of Ellesmerian rocks
?-]regtiug upon acoustic basement. 5:::. . |
Colville geosyncline rocks also are shown in refraction profile C—C‘
":(Fig. 9) There, near the coast, acous:ic basement in the Barrow

; : floor
nrch 13 closer to the sea / and the presumed Cretaceous units B (Vp =

EAS

”3»;_j52 3—2 4 km/sec., Nanushuk and Colville groups?), (Vp - 2.7- 3.1 km/sec.,
1?{‘Torok Formation?) and D (Vp = 3.4—3.8 km/sec., earliest Cretaceous and,

"-i; perhaps,uppermost Ellesmerlan sequenee?) onlap and thin towards the Barrow

the

~;farch. Note that seismic velocities in units B and C south of/Barrow arch

'z'tend to be a little higher in section B—B‘ than they are in C-C', The

a?@ifferences may be attributable to the somewhat greater depths at which

“these units lie in section B-B'. Unit E (Vp = 4.3 km/sec.) may represent
the northern wedge edge of the Ellesmerian sequence on the Arctic Platform.

’Unit F (Vp = 5.2(?)) probably represents Franklinian(?) rocks and is

ncoustic basement. Reflection profile W-W* (Fig. 10) shous these rocks

'*i -on the crest and upperuost south flank of the Barrow arch,

f.Barrou Arch

V:.;A:£=>——--‘——*

_ Barrow arch is a broad regional structure o£ compound origin that has

s:rongly influeqced sedimentation on the northern Norch Slope since it came

21
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into cwisten;u in latcst Jurassic or earliest Cretaceous time (Figs. 3 and
Bay

:';ﬂ)f- The Ptudhoe/ﬁng related oil and gas fields and the South Barrow gas

field are structutal-stratxgrapnic traps at structurally high positions

" . on the arch, s . -

L The axis of the eastern segment of Barrow arch follows the Beaufort

.Coast from the foothills of the Brooks Range near Camden Bay to Point

Barrow. where it is about 300 lm north of the range. From Point Barrow

‘?“the arch follows the same west-northwest trend offshore some 200 lkm to

N

i311i72 1/4° N. lat., 161° W, long. in the northern Chukchi Sea, The eastern

’ 'iaéegment is a broad gentle arch with second-order Folds and faults. It is

/bounded on the north by a Cretaceous and Tertiary progtadational sedi--

- -

’;?iﬁtqentary prism beneath the Beaufort shelf, West of 161° W. long. the arch
i ﬁ;;;i?ﬂds uest-southweﬁt fo-7i- N, lat., 171° W. long., ghggg_if_iggfgiihfa
E'}a%thelﬂerald fault zone and 1is truncated by north-south-trending cross
‘;;ﬁ;53555555533~$ffgl_32' The axial region of this, the western segment of :hé
a;t;arch,is structurally more complex cban.the eastern segment and is corrugaced-

'.rby several folds and fault blocks. It 13 bounded on the north by the

-

B

4‘.‘-——__-_...-. S a—m——

o much further from the continental 310pe thao the eastern segment.

- }‘ranklinian(") rocks beneath the petroliferous Ellesmerian and

Colvillian sequences along the axis of the Barrou arch are 0.8 tn deep
Point

" -.mear/Barrow, and about 0.5 km deep at the northernmost extension OFf the

'\:afch in the northern Chukchi Sea, From these areas acoustic baaement

: deepens eastward to about 3.5 km at Prudhoe Bay and perhaps 5 km where

it loses identity amid foraland folds of the Brooks Range near Camden Bay,

.- Hestward, acoust{c basement is projected to a depth of about 2 km near

167° W. long.

22
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K " wocks in test wells on
\Frankliniﬁn(?) / Barrow arch consist of early Paleozolc

Srgillite and phyllite with thin beds of siliceous dolomite. Thelr pre-~ ~~
suned correlatives of fshore have seismic velocittés of 4,9-5.9 km/sec. in

-our sonobuoy refraction records, and 4.9 km/sec. in a long reversed
. . Point
tefraction llne trending northwest from/Barrow (Hunkins, 1966). In the
o Point
- reflection and cefraction profiles across the arch west of /Barrow (Figs.

u;.8, 9, and 10) it can be seen that refraction units thought to represent

'Q{§pre-Tertiary rocks wedge out againstor thin over the arch,

u . ;_{;fvhereas units thought to be Tertiary (Vp = 1,6~2,2 km/sec ) seem little
R overstepping
’ ”C}affected in / it. Thus, the Barrow arch was apparently a positive
L= e R
',feature and acted as a barrier to sedimentation duringng}lesmerian and
:;_-A‘M g N | .
"~Cretaceous time on the Chukchi shelf. S i '-gﬂdliﬂ

. The eastern segmeant of the Barrow arch formed when Barrovia. the

“iLl-

'provenance area of the Aretic Platform collapsed or was displaced by

; rifting or transform fault!ug during latest Jurassic or earliest Cre; :
_- t#ceou;}ne}his left a south-sloping platform south of :he arch and a new
5 north-&actng continental margit’:iith. The southetly tile of the

ﬁgl Arctic Platform was augmented by thrusting of - Brooks Range rocks onto
. the platform.tgggksks‘gﬂ_;h,gi:w;; deposition of the Cretaceous Colvillian

'rocks on the platform. The {sostatic consequences of tne removal of

) structural relief to the
--Barrovia also may have added / (Rickwood, 1970 Cretaceous and
T e e e ST N e

Tertiary sedimentation filled the newly created goredeep. the Colville

geosyncline, souch of the arch and prograded the Beaufort continental

terrace north from the arch across the newly created continental margin.

- The norch flank of the ecastern segment of the arch thus represents a Cre-
h&i

—_ e e

slope sedimentation. )
) N~ v -
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The wesfern segment of the arch lies between the tilted Arctic Plat-

- form and the North Chukchi bagin. The data upon which this report is based do not
\1ndicate North Chukechi -
/whether the/ basin was bullt across a latest Jurassic and earliest Creta-
LS ST whether 1t : i -
ceous continencal margin, or/is epicontinental, In either case, the .’\f
Barrow :
A vest-southuest trend of / arch west of 161° W, long. is thought to be a

-t

consequence of the subsidence or collapse that created the North Chukchi
W‘\‘

i:‘basin, rather than beading or major uplift of the arch itself. ‘/”_,,122377

“The Barrow arch is thus regarded as the structural culmination of a

:-1fﬂ,t11ted platform, rather than a true arch. Its crest was originally poéi—

D

 ‘tioned near the faults .along which the platform north of the arch was
M\ e r—

. : remaved by cg%laps//;r lateral displacement., Subgsequently the crest was
: ' ' m

nhifted southward to its present position by Early Cretaceous erosion and
secondary
probably by some/structural collapse of the terrain adjacent to the fault

. zone which detached Barrovia from the Arctic Platfom. - R

- Fotth Chukchi Basin_ IR S T e R

‘ " The Chukchi continental terrace north of the Batrow and Wrangel arches i
ii;(?igs. 3 and 17) i3 underlain by an extensive basin filled with atrata
;'E;;J'inferred to be clastic and of Cretaceous and Tertiary age. This, the
S o~ .
,’IT:North Chukchi basin, contains more than 4 seconds (5 orj;;te km) of section. "::
:IA ;otable feature 18 the ocecurrence of»shale(?) diapirs in the basin.. -
| -.Sgtata in the North Chukchi basin in part onlap Barrow arch, and in
W overstep '
-part thin tovard, but / it. They meet Wrangel arch at the apparently
._high-angle Wrangel fault zome, which is 1nferred to be a thrust fault

f-aystem (Figs. 3, 11, 12 and 17). Near the Wrangel arch and fault zone the

Figure 11 near here.
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. . - RIS

. basin Eill dlpa as much asf?igganortherly. but away from the margins dips
/ . r in the North Chukchi basin

ara 0-1° northerly. There / some folds and faults /near the Wrangel

s . ——

- - fault zone, but the overall structure 1s a gently northward-dipping and
N .
.. deepening basin with few structural complications, Away from the
—— PR R
basin margins the strongest and most striking deformation ig adjacent to

—~ N

: :shale(?) diapirs that in places reach the sea floor. In the eastern part

I :-bf the basin profiles that reach the shelf break reveal a very low ampli- -
o from

L tude anticline lying from O to 10 im landward / the continental ahelf

':;gﬁbreak and a similarly shallow compgfhentary syncline about 10 km south of | ‘

Tfthe anticliue, oo SRR ';y_ " —_'.' iiﬂf$F

""f?' Tuo najor stratigraphic sequences, separated by a strong angular uncon=

NS

tormity, can be recognized in the southern part of the North Chukcbi basin

;- :3(see Figs, 11 and 12). The unconformity increases in discordanca and hiatal

-
A S ) - - .

-‘*¥3P13ure 12 near here. S _-'-;:i g_'}5 ?‘.i"I?

';:;L};; .upporting the inference that these sttuctures form the south boundarY of

Tiﬂi?P the basin,

”tfffﬁii;{ _ Near Wraogel arch (Fig- 11) the unconformity is folded above a pos-
LT T partly of -anticline R
"0 sibly/diapiri¢ anticline/pre-unconformity age, and the/thus appears to have

N ;"gxgundergane renewed growth in  post-unconformity time, Nearby

wt (Fig. 12), the same unconformity truncates a fauwlt block and a diqpiric
o (untt 1)
" -fault. zone. The beds above the unconformity/are little deformed and are
: — Tn age. — (unit .2)
presumed to be Tertlary, perhaps Neogene / The beds below/are perhaps Cre-
L= In age.
taceous or early Tertiary/ The post-unconform!ty unit is at least 3

——— i

seconds (about 3 to 4 k) thick. The pre-unconformity unit is at™least

’_zs




1.7-seéonds (aboui-z km) thick. Beneath the pre—unconfornity unit lies a
interface o
strongly reflective rock /that produces an exceptionally loag train of

L : " are
- ? ( watet—bottom)multiples. It 19 uncertain whether the rocke beneath the interface/

acoustic basement, or whether the train of multiples masks a possibly
. thick sequence of bedded rocks beneath the pre-unconfbrmity unit.
"-‘f.’.xefracuon data (Figs. 8 and 9) indicate that the North Chukchi basin

";».

eontains more than 1.2 km of presumed Tertiary (perhaps Neogeue) beds

(uni: A. Vp = 1,8-2.1 km/sec.) %ESVmore than 0.8 knm of presumed Paleogene
. sec

beds (units B and 32, Vp = 2.4-2, q5 overlying asaumed Cretaceous strata

(unit C, Vp = 3.0-3,5 km/sec.). The 2.3-2.8 km/sec. reftaction unit

2

(B. B ) may be mainly Paleogene in the North Chukchi basin, and mainly
14 - in age -
vpper Cretaceous/over and south of the Barrow arch, . -

A . direct evidence of Ellesmerian rocks in the North Chukchi

”ﬁ;@égih. Hunkias (1966) shows some 6 km of material with a Vp of 3.0 km/qec.;

i5~inietpreted to be Cretaceous and Tertiary sedimentary rocks, overlying
T

~_g: 6 km of ma:erial uith a Vp of 4.9 km/aec., interpreted to be Prankliuian(?)

rocks, near 74° N, lat., 165° W. long. 1n the northeastern part of the

basin. However, Bunkins' profile was along the outer shelf and upper
along a ttend 05

010pe, and at least partly in the 2on2 of the outer shelf anticline and /
posi:ive 3ravity anomalies. It is poasible that these features reflect a

' f structutal high from uhich Ellesmerian rocks have been stripped by erosion.
IR the presence of : precluded
. In that case,/Pllesmerian rocks would not be/ farther south, beneath the )
reflections recorded
deepest / i{n the central part of the North Chukchi basin. It {is

poasible that the 4.0 km/sec. refractor in unit F (acoustic basement) on
' the '
the north flank of /Barrow arch {n profile BR-B' (Pig. 8) gepreseu:!

Ellesmerian rocks, Alternatively, Hunkins' 4.9 km/sec. layer may include
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'-; Ellesmerian rocks.. If the rifting or faulting that removed Barrovia and

. slope rather than the north side of Barrow arch west of 161° W. long. the

- Diapirs in North Chukchi Basin
lapirs in North Chukehi Basia

P p— ——— o - : T

1--tetrace.. The main, and positively 1dentif1ed group of dlapirs imtrudes

. 3

'Iﬂtangel arch, The / features are overlain unconformably by /presumed (\b

o 1‘§eafloor. The paredt bed, however, was not identified.

. upuard and broken them by swarms of small faults (Fig. 13). A/rim syncline

J
. *}

Tiiaigbirs are about 2 km in diameter and extend 3 or more kn beneath the

wr

1'énn be recognized near one of them.

created Barrow arch at the close of the Jurassic followed the continental

Nofth Chukchi basin may contain Ellesmerian rocks beneath its thick £f111

‘of Cretaceous and Tertiary clastics.

- Diapirs were found at a few widely sca:tered points in the North

Chukchi basin (Fig. 3) but novhere else on the Chukchi~-Beaufort contiuental
and reaches

the preSumed Tertiary f£111 of the basin /to the seafloor. The other group

consists of diapiric fault zones and anticlines that intrude presumed Cre-

:aceous or Paleogene rocks near the margin of the basin just north of the
latter the + _,;,

é/—
A
6
Tettiary beds (Figs. 11 and '12) that host the main group diapirs., < \0~

‘A star pattern of reflection profiles over one of the two diapits tha: were

fat"V°r°?d-°f the main group demonstrated that it, at least, is

‘l@ -.efxcular or subcircular in plan and not elongate or ridgelike. These

The ‘diapirs are clearly 1ntrusive for they have dragged the host beds
partial

-

‘{,?iéﬁre 13 near here.
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- The three interpreted diapirs of the main group (those shown by
hpllow tr{angles on Fig, 3) represent localized bending and small-scale '

faulting in otherwise flat beds. These disturbances are similar to those

found in host beds peripheral to the traversed diapirs, and they are

:tentatively interpreted as "near misses".

The lithology of the main group diapirs can be inferred, alchough

“:'not conclusively, from magnetic profiles and gravity data over one

t', of them (Fig. 13), a sonobuoy refraction profile (Fig. 14) and regional

‘:T‘?igﬁfe 14 mear here. S [ /,/”

[' over

'jstratigtaphy. -The magnetic field 1s not perturbed / the diapirs and the

| fgravxcy fleld, 1f it 1s affected at all, shous a 4 mgal positive anomaly
. over

. late
%/ one margin of the shallowest crossing of the diapir at 73° X Noo 163° W, lena:

«

"‘*:-;A negative anomaly of 8 mgals over the diapir at 74° N., 166° ufiady

thus

i‘fﬂ!ﬂd Othﬂrﬂu 1973) was recorded while the ship was changing course andfis
<"71;:uq:eliable- The magnetic and gravity data suggest that the diapi:s are

‘:h'fﬂdt igneous, and probably not salt, They might, however, be shale, although

— — e ———e e’ T e

':['the gravity data do not unequivocally distinguish between salt and_overé

. ﬁressured shale for all reasonable density contrasts between the diapirs and
- the host beds,

The refraction profile was recorded from a sonobuoy deployed at the.

k.

) .
* edge of the diapir at 73° N, 163° w.[; -‘.’The -1dth of the diapir alomg the

ilbrofile is 1 1/2 km, 1ts top is 25-50 m below the seafloor, and the water

-f;:\depth i1s about 90 m. With this geometry the slope of th2 early refréctors

}_should reflect the selsmic velocity of the diapir. These refractors have

" & glope of Vp = 2, 0 km/sec., within the range of overpressured shale on

cbo Culf Coast (Musgrove aad Hleks, 1968) and wmuch below that of salt

—— kv 4 e 4 iman
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, é,(Vp'g 4.5 km/sec.). The absence of a gravity.low over the diapirs would
be accounted for if the diapirs rose to their present position as low- |
density, overpressured, gassy shale, but densified by degassing and

- dqwateriug enroute. The small positive anomaly over one margin of the

A . 1t . Erds explained
L-diapir.at 73 N 163 W‘\might be / by a slab of dense rock dragged

from depths to a position near the surface in the sheath of the diapir. ‘
K Regional stratigraphy supports the geophysical evidence that the
-~lf diapirs are composed of shale and further suggests that such shale vould
"ff; most likely be Cretaceous. Evaporites have not been reported from the
unmetamorphosed pre-Cretaceous (Ellesmerian) sedimentary rocks of the u

Arctic Platform, as penetrated in exploratory wells along Barrow arch,

fﬁand as exposed on Wrangel Island On the other hand, the diapirs cut beds

of presumed Tertiary age north of Barrow arch We postulate that the

a——

L ';diapirs originated in prodelta shale that was overpressured and mobilized
8 e— o T : ;
. - . by loading beneath a northward-thickening delta complex that prograded

;'u*;:north from Barrow arcb into North Chukchi basin., The most‘probab

o for the

g;such shale would be Cretaceous, which would, moreover, allow/deep burial

"5{f‘of‘the parent beds by Tertiary strata, We cousidef'a Paleogene age for the

parent shale, with burial by upper Paleogene and Veogene beds, to be a

plausible, but less likely alternative,

332'500 km of profiles in the North Chukchi basin. The diapir targets, that

\7'flis the zones of peripheral structural disturbance surrounding the diapirs,

" are typically about 5-6 km in diameter, and the portion of the basin
surveyed is about 120 000 sq km. Therefore, some 30 or 40 diapirs of the

~:uain group may be present in the surveyed area of the North Chukcni basin,

1

U T

we crossed or ‘closely approached five diapirs of the main greup along |

b
¢
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The dlapirpike structures occupy an east-west~trending belt in the

!otlh Chukbhi basin just north of the Wrangel Eault zone (Figs. 11 and 12)
rd ’

' 133 host rocts are gently txlted and folded beds that are presumed to be
© Cretaceous or Paleogene, Both the diapirlike structures and the host beds‘

_ ste overlain with angular unconformity by gently basinward-dipping strata

of presumed Tertiary age.
These diapiqlike structures are intruded masses or piercements that

are commonly 1 to 4 km in apparent width, Some have as much as 2 or more

- xm of vertical extent. Three (possibly four) of the larger diapi:}like‘

features are alined and show gimilar cross sections, and therefore probably

'tepresent a single elongate structure. This elongate structure 1is sub-

- g

- parallel to the mearby Wrangel fault zone, suggesting that it is a related
e T ' -
fault zone with a diapiric core. The other diapidlika structures near the

e —
¥rangel fault zome appear on our refleétion profiles as isolated pietce-

ocnts or positive structures of small vettical displacement in flat or

-

‘&

gtntly tilted .or folded host beds. None of. the diapiqlike structures have

‘directly associated magnetié‘;ﬁééaiies. Taken together, these character-

e

tstics suggest that the structures in question are a feature of the faults

aad folds that were generated along the south margin of the North Chukchi

dasin by compression at the Wrangel fault zone.

-‘wt of Canden Bay

The geologfc structure beneach the Beaufort continental shelf changes
chfﬂct-er at western Caﬁm Bay (Figg- 1’ 2 and 3). TO the Uest’ the
4tf4ta underlying the shelf are but slightly deformed and in general dip

dislocated
¢ently seavard. To the east, they have been / into long, large
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: amplitude. east-northeast—strikina folds. The change occurs where the
\

east-southeast plunging Barrow arch approaches the northeast Brook * Range"
. which are as
“ and loses its identity in the foreland folds, /young as Neogene.and which
. flaak that part of the range. -
" Bedded rocks in the western Beaufort shelf dip about 1° northerly,

"fxz-but'notth of Barrow a local monocline has.dipa of 5° or more (Fig. 15).

. Figure 15 near here, _ e RS

R - L. . - Lo L ‘

rowayt -
TR

’C'Betbeen Camden Bay and Cape Halkett the outer part ol the western Beaufort

ehelf ie characterized by a s:ructural terrace, or flattening, in the

i”(nax amplitude ~200 m) as in the northern Chukchi Sea (Figs. 3 and 15)

’T'km) to the south trend vest-northwest along the outer shelf at least to

160’ H long. For most of their length the axis of the anticline and

- y

,ntructural terrace lies 0 to 10 km, but 1n one area,ZO k1 landward of the

- I

35';_ continental shelf brea&. . Sl J-}j; f>':-' . L : t:_f 'T.-THf

t‘\

- The continental slope in the western Beaufort Sea 1s steep (5-10°

S

./‘--—\..;\____,—- — e~ L vt Aam—et e =

U vith 1oca1 steeper slopes) and broken by many large slumps. Ie places

R 4w >a . — e
'..» o e W 8 s e s Sarae A e YA e

? 5i¢th§ slumps have stepped qhe flat outer continental shelf down as much as
“_200 n, The utper part of the sedimentary section heneath the shelf crops
;'“?Hlodt in the upper part of the steep slope wherever it is not jumbledlin |

“llumps. Landward from the shelf break, bedded rocks in the western

"'tBeaufort continental terrace are, 15 places, broken by faults of small

. \T;j-disPlacenen; that are predominantly down to the north on profiles run

i':normal to the coast. There appear to be changes in the thickness of some

oy R e e - e o4 e s PO, N S T

‘é-jhg-ahallow anticline and a parallel syncline about 10 kg (range 5 to 20. ﬂ‘éjl;
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. grouth faults.

‘5;35 m/km,

o of Upper Cretaceous marine and nonmarine sandstone, shale and conglomerate

= ;

o I_',tand 1tol 1/2 km of Tertiary nonmarine sand, gravel, and sil.

f:fma:ine units are thought to become increasingly marine, and many of the

'3“sandstones appear to pinch out in that/

"ito 1.2

.- omela thick with a Vp of 2.4-2.9 km/sec.

sedimentary units across some of the faulta (Flg. 15), which thus may be

/

The post- Ftanklintan(’) section beneath the wactern Reaufort shelf
o7 Village from
thickens rorthward from about 0.8 }m near Barrow/and/about .3.5 kum pear

_ . Village « /s S‘“‘"f’"(
Prudhoe Bay, both near the crest of the Barrow arch. At Barroy/thin ‘“‘::::::
T towad Bamew 2

.”iNeocomian shale and thick Albian marine shale and paralic sandstone rest

. unconformably on Franklinian(?) rocks and thicken northward at about

Near Prudhoe Bay some 50-60 m of Neocomian shale on the north

; "'I‘.-f:'Bide of the Barrow arch locally, and perhaps regionally, oversteps the

 1'El1esmer1an sequence to rest unconformably on Franklimian(?) rocks., At

Bay

Tf.'the Ptudhoe/field the thin Neocomian beds are overlain by abou: 1.2 km

The non-

e

directinn, ~—m" T

Disconformities underlielthe

'“iﬁﬁ,Upper Cretaceous ‘and possibly the Tertiary units at Prudhoe Bay.

trends

Sonobuoy refraction profile D-D' (Fig. 16), / parallel to the

-”wFigure 16 near here.

and

" western Baaufort coast about 30 miles offshore,Areveals an upper unit 0. 5

km thick with a Vp of 1.8-2.2 km/sec, and a lquer unit 0.8:0

Both units are correlatéd with

-the Tertiery section in the Prudhoce Bay wells. The underlying beds have

f?1§eismiq velocities of 3.1-3.2 lm/sec. on the west, and 3.8 km/sec. on the

east,

The former would be appropriate for the Albian shales and sands that
ttend northward beneath the Beaufort shelf from the Barrow area, The
32
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3'8 km/sec. refractor presumably represents the Upper Cretaceous roc&s of

the’ Ptﬁdho;?:ica, although 1ts seisaic velocity matches unit D of section

. (Fig.‘9); which is thought most likely to be earliestACrctaceous.
The Tertiary-Cretaceous contact as projecte& from onshore and from

refraction profile D-D', and, as teﬁta:ively identified on reflection

'profiles, lies well offshore west of Harrison Bay. Thus a-rélétively
strata

f” narrow band of Tertiary/beneath the western Beaufort shelf connects the

. B“Nbrth Chukchi and Camden Tertiary basins. Local stratigraphic irregu-

- larities intetpreted as buried slumps and chapnels (Fig. 15), the appatent

growth faults noted above, and local c¢linoform units in the Tettiary

---section beneath the shelf elsewhere support the conclusion that these

beds constitute a progradational shelf and slope sequence. A tendency

for the stronger reflectors to weaken or fade out toward the outer ahelf

break in at least the Tertiary units suggests that these reflectors are
this

‘'’ sandatone beds that pinch out seaward. Possibly/ pinching out occurred in

I'part against a syndepositional bathymetric swell over the shelf edge'antiQI

;cline discussed above. Locally, seismic reflectors beneath the outer

K shelf have been disrupted by incipient slumping related to the present

slope, and by slump deposits within the sediméntary section itself.

"Bastern Beaufort Shelf

East-northeast-striking folds, one with strike length exceeding 100 kn

" and amplitude exceeding 1 km, dominate the structure of the Beaufort con-

" tinental terrace from Camden Bay to the Canadian border. Some of the folds

extend at least to the upper continental slope. Three large anticlines

vere mapped, one a possible offshore extension of the Marsh Creek anticline

(f1$“fe 3). However, wide spacing and disruption of track lines by pack ice

33 .




Eké#ncd uncertalnties in the delineacioﬁ of the folds, and f{n pa;ticulériA
,thg_idéncification of the_nffshore extension of Marsh Creek anticline. - In
and north of Camdeh.Bayltﬁese folds have flank dips of as much aq:izii)
-‘ The fold; resemble those in the Cretaceous rocks in the northern Arctic
fooghills oflthe Brooks Range and, like them, may be thrust folds.
'.f-éowever, they are developed ocks as young as Neogene. The folds ﬁay
'_;fzbg ;elated-to young uplift and thrusting which created the Romanzof Moun-
i;t&;ns salient of the ﬁortheastern'Brooks Range (Figs. 1 and 3). It is of
'Lijintérest that where the folds of the eastern Beaufort Sea reach the con-
!+itiﬂeﬁtal slope, the latter siopes-more gently than to_;he west and 1s
;fﬁ:ldoﬁiﬂated by sedimentation, rather than by erosion., On the coniinentall'

l'%ﬁslope the folded beds are being covered by sediment from the Mackenzie

~3?$?Lﬂe1ta.' -
-1:- B South of Camden basin and MArsh Creek anticline (Fig. 3) lies a prism
‘a?:{’of Ctetaceous marine and nonmarine sandstone and shale at least 3,700 m

: thick (Reiset and others. 1974) The prism overlies Ellesmerian rocks and
'{.;flappearb to exteud into the offshore east of Humphrey Polnt (142°30' W,

5} OﬁtetZShelf Gravity High

A ——— -
' A series of positive free-alr gravity anomalies with peak amplitudes

1”$:exceeding 100 mgals occur along the outer shelf and upper_slope of the

 fi £Beaufort Sea from north of Banks Island on the east to 161° W. long. on
"'bff_:he wvest (Wold and others, 1970). According to Chiburis and Dehlinger
e ' coincides with
-~ (1974) the belt of positive anomalies , - the upper continental slope

1§Ain_:he eastern Beaufort Sea and the outer shelf in the central and western
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i Be saufort Sea. our dara verify the presence of the positive outer shelf

" anomaly as far as 159° W. 3and possibly as far as 168° W, long. and

anomaly
suggesc that peak/amplitudea become lower to the west.

l.

Nold and others (1970) ascribe the anomaly to thinning of the crust

.at the edge of the coantinent plus a ridge in the basemeat near the 200-m

 isobath, Weber (1963), Barnes (1969), and Sobczak (1974) ascribe ft to an

. beneath
uncompensated wedge of young sedimentary rocks / the outer shelf and

slope. The discoatinuous character of the gravity anomaly and the fact

'ftha: it corresponds closely in position to the outer shelf structural

- tevrrace and anticline shoum by our seismic reflection profiles in the

' Coﬁfiguration of Prospective (Acoustic) Basement
o —

" the Chukchi Sea (Fig. 18) summarize our present, tentative views of the i

et e

central and western Beaufort Sea lends support to the origin suggested by

" Wold and others (ibid.,). L - | I

Form lines on basement for oil and gas exploration (prospective base-
h—.——-— .

-

_mént) on_the North Slope and Chukchi-Beaufort continental terrvace are

présénted %n Figure 17. Franklinian(?) rocks are thought to constitute

Figure Ij'néar here.

. beneath
“bdth prospective basement and acoustic basement / the North Slope. The

>'J£orm—line‘m§p and a generalized structure section along 168° W. long, in

'::?igﬁté 18 ﬁ?af here.

L)

‘geologié ffaﬁéuotk of the Alaskan cont!nental terrace in the Chukchi and

": ﬁéﬁdfbff:S#ac. Onshore, the form lines are after Figure 1 in Morgridge and

' U.S5.C.S. single channel and refraction
Snith (107”). offchore they are based on /  s2ismic reflection/data,

._‘.‘.
R
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refraotion lines reported by Hunkins (1966) and Milne (1966) and prn;octioné
from Norto Siopo'oxploratory wells.l Our reflectlion data include bhagement
returns onlylepft;e Hope basin and along Barrow arch. Elsewhere the form
lines wvere i;ferred from higher reflectors, to which acoustic basement was
arbittarily assumed to be parallel, Although this assumption is not likely

Jto be correct in detail, we Selieve that the tesulting form lines never-

u:theless provide a first approximation of the distribution, thickness. and

. in
: megastructure of prospective rocks on the North Slope and/ the Chukchi-
, continental i
- Beaufort/terrace, _ o

" Hope basin, western Colville geosyncline North Chukchi basin and the
. Beaufort shelf are shown in Figure 17 to be major offshore sedimentary
- provinces with svfficient thicknesses of sedimentary rocks to be prospective o

. for otl or gas. The Barrow arch appears as a doubly plunging regional

doubly pluanging arch, the two thrust belrs, and the embayments of Tertiary
' sedimentary rock that cross the arch near both plunging terminations con~ .
Ii stitute a striking, albeit lopsided symmetry that dominates the mega—
'otructufe of northern Alaska and the Chukchi-Beaufort continental terrace.
The two stratigraphic sequences known to be petrollferous on the
North SloPe, the Ellesmerian and overlying Colv1llian rocks, lie betwzen
the thrust fault zones and the Barrow arch, the structural culmination of
, .the southward tilted Arctic Platform, The presence of oil and gas in the
- Hope and North Chukchi basins and on the Beaufort shelflrenains to be.

. established. The likélihood that Hope basin is filled mainly by nonmarine

»rocks soggests that it has better prospects for dry gas than for oil.

36
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Fiuurv l.llﬁeograph}c’ﬁnd tectonic setting of the Alaskan continental

terr;;e fn the Chukchi and Beaufort Scas. CB-Camden Bay;

CH-Cape Halkett; CL-Cape lisburne; CR-Canning River; HB-

: : HarriQon Bay; LH-Lisburne Hi{lls; LP-Lisburne Peninsula;
fﬁli*;f%fﬂ. . PB-Prudhoe Bayé PH-Point Hope; PL-Point Lay; RM~Romanzof

I - R Mountains, - | |

:ifg§iz;_ Haé showing location of the singlg-channel sei&mic reflection

x profiles and sonobuoy refractioq profiles in the Chukchi and

"Beaufort Seas and adjacent Arctic Ocean upon which this

'report is based. Reports containing the basic data are cited

ih the Introduction,

Generalized geologic maé of the North SIQpé of.AlAsﬁp and the
E;l'ij' : Alaskan continental terrace in the Chukchi and Beaufort Seas.
| Iﬂ?z-urangel fault zone; HFZ~Herald fault zone; EArKo:zebua
anticline; MA-Marsh Creek anticline; PB=Prudhae Bay oil
fifeld. B-B'--A-A' shows the position of Figure 4, a
cché.atic ;tratigraphic Aiagram and cross section of the
"0 - Morth Slope.

..6. Schematic stratipraphic diagram and cross section of the North
- 3931:;i;~1‘_ Slope of Alaska showing the principallu:ratigraphic sequences
| ‘vh#ch underlie the North Slope and adjacent continental
.tertace in the Chukchi and Beaufort Seas. From Btoegé and

Taflleur, 1971.
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Figure 5. IMaﬁl5houiné loration of seismic refraction profiles A-A'
(Fig, 6)', B-8' (Fig. B), C-C' (Fig. 9), D-D' (Fig. 16) and B
. -sei;mtc reflection profiles V-V' (Fig. 7), W-W' (Fig. l10),
U XeX' (Fig. 11), Y=Y’ (Fig. 12) and 2-2' (Fig, 15). H desig-
| nates the lo;g reversed refraction profile reported by
Hunkins (1966); M designates the unreversed refraction _
profile reported by Milne (1966). S ' ’ g
~{ 6., North-south sonobuoy refraction profile A;A' acroa; the Hope
basin near 165“ W. 1on§.-(see Fig. 5 for .location). Compare
_uﬁth the northeast-southwest seismic reflection profile V-V'
across the Hope basin shown in Figure 7; The dashed line in

unlt C shows an al:etnative position for thé wedge-out of

P

that unit between units B and D. Unit A 1is tentatively . .'*f*

- inferred to consist of Neogene marine and nonmarine clastic
_ rocks; unit B of Paleogene nonmariﬁe clastic rocks, and unit C
of Upper cfétaceous and/or Paleogene n&nn#rip& clastic rocks,
Unit D, acoustie basement, consists of Lower Cretaceous and
older rocks of the Brooks Range orogen,
- 7. Northaast-eouthuest-continuous seismic reflection profile Q-V'
across eastern Hope basin (see Fig. 5 for location). Units 1,
2,-3 ana 4 correspond approiimately to units A, B, C and D of
anobuoy profile A-A" (Pig. 6).
8;' North;south sonobuoy refraction profile B-B' from Herald arch
to North Chhkchi bagin near 168° W. long.l(see Fig. 5 for
1ocation); Unit A 1s tentatively 1nferred to consiat of

Tertiary clastic rocks; unit B of mid-Cretaceous clastic

.. o e e e AL E——yp—_— am o ——————pm 1 ® = ~ b A2 e
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,”rock§ of the Nanushuk and Colville groups south of Barrow
-ai¢h and Paieogene clastic rocks north of the arch; ;nd
uﬁlt_c of Lower‘Cretaceous Torok'Forﬁation south of Barrow

’”‘ AR arch and Cretaceous clastic rocks of unknown age north of

- | the arch. Unit D may con;isc of earltest Cretaceous or ubper"

‘ 3 3,%;:5",'>_ Bllesnérian sequence rocks, Un1£ F, aéous;ic bagsement, is

‘:  inferred to éonaist of rocks ;f the ?tanﬁlinian(?) eequeﬁce.

! ->~Figute»‘9: -North*south sonobuoy refracgion profile C-C' from the Colville

. R geosyncline to the jun;tionlof the Beaufort shelf and Nofth

' Chukchi-basins near 160‘IU. long.-(see Fig. 5 for¥ locatiomn).

Unit A 1s tentatively inferred to consist of Tetciary clastic

i il

:lrocka, unfr B of nid—Ctetaceous clastie tocks of the Nanuahuk ;

4

‘;}ﬂh!fff " and Colville groups, unit BZ

* C,of Lower Cretacecus Torok Formation' unit C2 of Ctetaceous

of Paleogene clastic racks unit

~.- elastic rocks of unknown age. and unit D of earlieat Creta~

ceoua andlor upper Ellesmetian sequence’ rocks. Uni: E may
represent the main Ellesmerian sequence, and unit R, Ftlnk-‘
| lintan(?) roéks in acoustic basement ., | »
f.,lo. Nor;heast-souihueot continuous seismic reflection profile W-W'
| across B&rrow arch and the northern part of the Colville
_sj;;;u >'; l-héoéfncline near Barrow (see Fig. 3 for location). Unit 1 '
e L is»infetred to consist of clinoform (foreset) beds of the
. Lower Cretaéeoua Torok Formation and Nanushuk group; unit 2
‘ Ellésnerian rocks; and unit 3 Franklinian(?) rocks ia

acoustic basemenf
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7. Flgure 14,

th; resembhlance of minor structural fcatures in its seismic
profilelto those in the oblique profiles across the diapir
at 73° N. lat., 163° W. long, Note the sag im the beds to
fh; south of the diapir in the upper left profile, which

may indicate that a rim syncline may border the south side

_ of the diapir at 73° N, lat., 163° W. long.
Sonobuoy refraction profile across the diapir at 73° N, lat.,

- 163° W, long. Hypothetical refraction arrivals for salt and

overpressured shale from the shallow diapir have baen added

to the actusl field-vrecorded profile. The early refractors
velocity

" - of the actual profile lie at the lower end of the/range of

overpressurad shale on the Gulf Coast, and are much lower than

seismic velocities in salt domes.

North-south continuous seismic reflection profile 2-2' from

the Barrow arch near Point Barrow to the continental slope

: (see Fig. 5 for location).
in the Beaufort Sea/ Unit 1 is inferred to consist of
Tertiary clastic rocka; unit 2 of Cretaceous marine clastic

rocks that are at least Jargely of Albian age; and unit 3

of Franklinian(?) rocks fn acoustic basement. Note the very

low amplitude outer shelf anticline-structural terrace,

poéeible growth faults on the outer shelf, ¢hanneling and

' slumping within unit 1, and slumping on the steep upper con-

tinental slope.

Ed

East-west sonobuoy refraction profile D-D' on the western

Beaufort continental shelf (see Fig. 5 for location). Units

D - o g




" Figure 17.

e

. A and B are correlated with the Sagavanirktok formation (Ter-

/
tfary)‘of the Camden basin and units C and D with Cretaceous
. _/' apparent
rocks of the Colville geosyncline. The/sag tn the refractors
near the west end of the profile Ls an artifact resulting
from the position 6t the sonobuoy in the sag farther down

dip than its neighbora.

. Hajor tectonic features and sedimentary basins of the North

.'SIOpe and the Alaskan continental terrace in the Chukchi and Beaufort

Seas, The gross structure is outlined by form lines on
_acduscic-basemenf;'which tn general 1s also basement for
petroleum explora:ion. Line A-A' locateg the diaarammatic

croas section presented in Figure 18.

'Diagrammatic north-south cross section of the continental

“terrace in the Chukchi Sea along 168° W. long. (see Fig. 17

- for location). The intrusive feature in Tertiary rockas north

of the Barrow arch represents a shale(?) diapir.
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PRPTIETS

PY. HOMT

4¢. Sagovenrkior Fm
© (Terhary)
d . Colvisla Gp
{Turonian ond Senonian)
{Albicn ond Canomanian }

_h Torok Fm

(Aidian)
a Fortress Min. Fm
(Aidian)

)

Moloise wedges

im Camdsan basin
(Yerniary} and
Colvitle geosynchne
(Cretacaous)

-

2

ﬂyuh and :hou in Colvilla 'myncmn
- Okpikruok Fm {fiysch) on sowth, “Pebbie
ahale® on morth (Neocomian - an
Cretaceous )

Elleamarian sagquence

Shelf clastic and carbenate rocks of
the Arctic Aloska basin; Mississippion
fo Jurassic and locally lowes!
Cretaceous

Franklinion (?) sequence.

Miogeosynciinal ond eugeosynclinai
rocks; Cambrion to Devonion




’
e
o
p
~
-
g
rii s

[} ]

001 .

E Y L)
_ VIISNINId QHUM3S, esumh

o REAHT St s g, -
: o I - THISIONHOTY

_ .ﬁoz«x;

______

) .>. .X
z_md.m _Iov_DIo I.Eoz

] ..u..c
auv._nc.

-

08 - . T <09 ] . «Qll

o

i tmanaad A4







HIARKI ’ ) of

MANOM. _ INIIOMASOID  3711AT03
- . : HIUY ' MOBMYS _ -

aNoZ
4I0Vv4d  avy3H

) E|
. : e _ _ 9

O

L}

-

A
- . N .
- .

PN et e AR P

PRI . g WP

M““..,'r_:..iu_.,. o " s S oo : o .

F o Kliian Boserct

-
-

\

Sﬁvl‘i\ .

E llesserinn

) l(/fsw.,*

-
-

e ey 1 S W AR s £ Y YT D

86,

2

Tork Fuo

J

Naacsich 4 Giole Gowp ks 27

F
D
C
B-.

R i



TS SR A R A e b i w A e o

'

.
.
b

. .

]

L]
-

COLVILLE

aTER

fater it ,.-.

LS
PR
T

GEOSYNCLINE

B
.
s -
- L]
) e N
3 '
- a
™

_ BARROW

ARCH

" BEAUFORY

" SMELF

w1



_ . ‘. . «
' « B 2
N
X v VINSNIN3d
- wodt ey . o YV A 3S:
g .
_ g
e v w 198) [0 Ipvesacys vy
Seibeest Sou g
1
3L
| ] ) o TN
z_:nhﬁ_:«o 4 vemvis
, \ 7 aNinHLuON
&Pl - L _ «0921

u . , , . cen ~
. A ¢ ! o . .,. \
.*Fc : . . LI \ _ N M
§ R e Ty e . . .
Aﬁ v ; . .
\: . ] ‘ e ;



.
-
- -
a

JISSvuNe -
VIddISSISSI

3NOZ 1104, ONV
HOUY G IVHSH

N
-
~
1
N
A L.
b o ~




