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i ceologic Frmtewrk of t h e  Alaskan Continental  Terrace i n  the  Chukchi * 

/ and Eknufort Seas ; 

t 1' 
5 -.'- Arthur Qantz, i Mark L. Holmes, 2 and Bruce A. Kpsoski 1 \ '  

. . . , Henlo Park, ~ a l i f o l n i a  94025, S=a t t l e ,  Washington 
. * 

98105, and Menlo Park, Cal i forn ia  94025 

Seismic, magnetic and.gravi ty  da ta  i nd ica t e  t h a t  t h e  Chukchi and 

e p i w n t i n e n t a l  seas o f f  northern Alaska o v e r l i e  three sedimentary . 

r pmvinces ,  s e p a r a t d  by s t r d c t z r a l  highs of  rcgional cxtcnt .  
their enclosed sediments 

The bas ins  t rend  west t o  northwest andlbecome increasingly marine from 
. , 

north. The Chukchi-Beaufort cont inental  margin is similar t o  
. . ,  

.. . . . . 
Atlan t ic  type. . . , :* ' 

f ; -  ' 0 Hope basin,  in t h e  southern Chukchi Sea, o v e r l i e s  s t rongly deformed 
. . * ' 

~aleozoic to  mid-Cretaceous rocks of t he  Brooks Range orogen. The basin . .: 
' : 

_I 

to contain  nonmarine and nar ine  c l a s t i c  sedimentary rocks 

- ; i n  a 1-km-thiclc Upper Cretaceous (?) , a 1 1/2-h.-thick Paleogene (? 1, and 
, .. 
, i 1 . .  - a -3/4-hn-thick Neogene(?) sequence. A l a r g e  a n t i c l i q e  and many f a u l t s  1 .I I '. I -) - at\ <,t 6 J ~ ~ + i  

3 , . ' and smaller fo lds  d i s rup t  t h e  older,)sequences. 
f 

. . . - . The Hope basin  sedimentary u n i t s  onlap Herald arch,  which t rends  

. . northwest from Cape Lisburne i n  t he  c e n t r a l  Chukchi Sea. A t  t h e  Herald 
. .. ..:.- - , 

:, * :(- 

. .. ,' .. ., . . - f a u l t  zone Brooks Range rocks i n  the  arch a r e  t h rus t  east or northeast  . . 
. ,  

. . 
- ... . over PIFssissipsian to  Jurassic shelf c a z b c ~ a t e  ard c l a s t i c  rccks  of t h e  . .  .. . 

- .  I . .  

- .' . 
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Arctic Alaska (Ellcsmerian) basin and overlying Cretaceous flysch and 
.-- 

of the Colville geosyncline. These Mississippian to  Cretaceous - , 

r theast Chukchi Sea and reportedly are about - 10 kxa 

thick near the Herald faul t  zone on the Lisburne Peninsula. The great 

syntaxis in  western i3zooks Range rocks and structures is . . 

intersection of the west-trending Brooks Range 

. .. I 
t-trending Herald fault  zone. 

I 
, . 1 

t o  Jurassic shelf sequence thins northward, and 

rrcw arch, which trends northwest from Point Barrow to  . . 

. thence west-southwest t o  the Herald faul t  zone. The 

j 

4 

Line sequence oversteps b t h  the pre-Cretaceous mcks 

e Barrow arch t o  form the North Chukchi basin went of 161° W. long* . . - . t!.; t o  the ! , : :>. . . .  
tional Beaufort continental terraceleast, 4*, , ,. 

.-a '::-I.. 3 .  
-. . .... - - - . .-  --..*--- '-.. -- * 

basin may contain about of probable Cretaceous . 
In origin. 

deltaic / Diapirs (of --- Cretaceous . . 

gent1 y northward-dipping s t rata  of th i s  basin. i n  

reaching the sea floor. 

y marine and normarine c lar t ic  rocks of the Canden - 
overlie the Cretaceous mcks of the North Slope and inner Beaufort 

of the Colville River delta. These rocks dip 
deformed 

t of 146O W. long. but are / into long. high- 

ude, east-northeast-strikirig folds to  the east. 

The geologic structure of the  Alaskan continental terrace north of 

- - - - s r w * " . v ~ ? r ? l - l q ~ , y  - --*'I(. *. t 
+ -  



I .in cooperation with  the‘^.^. Coast Guard s ince  1969, u t i l i z i n g  the  icebreaking I 
Coast Guard c u t t e r s  STORIS, GLACIER and BURTON ISLAND. Reconnaissance I 

. :'. d a t a  have now been obtained from t h e  Alaska and Siber ian coas t s  north to : "1 
+ %  . 0 :'.. ths po la r  i c e  pack k*r*e%n- Mackenz& Bay on the  e a s t  and 176 W. long. on . . _  

%I- -. . %. 
the west (Fig. 2). O.z?-223t;a cons i s t  of single-channel seismic r e f l e c t i o n  

. . 
. ~ 

. ' Figure 2 near here. - . , .. 
+ I _  

1 .  . .  
' .: ;. - ,  . .  . 

, . - - 1 
* . .1 

.- ' ,. p r o f i l e s  using 120 o r  160 k i lo jou le  sparker  sources and, a t  times, 40, 80 
' . .  ... . . , 

or 300 cu. in .  air-gun sources. Total  magnetic f i e l d  measurements were -.  . .  .< . . . .  . . . . , , . I .  

.-. ,' . . obtained concurrently along most of t h e  r e f l ec t ion  p r o f i l e s ,  and g rav i ty  
I .  

- ' . .  . .. - .:. 1 .  -. \ +. . .* . , .. 9 

. .: 
!;+ . data along about a t h i r d  of them. Thirty-one sonobuoy r e f r ac t ion  l i n e s  ' 
~: . 

- \  
. & 

I... . . - .  . . (Fig. 2) w e e  a l s o  obtained. The seismic ref lec t ion ,  magnetic, and . ,, . . $ 

. ? .  t- .! .*. 
-J 

. - 
;'-' % .  g r a v i t y  da ta  through 1973'have been re leased t o  U.S. Geological Survey 

.,/ ' _ . - ; ? . . .. 
. . .open  f i l e  a s  Cady and o thers ,  1973; Grantz and o thers ,  1970a, 1971, . . 

I ( .  * : -  
: 1972a, 19725, 1974a, and 1974b; and H a ~ a  and others ,  1974. .. . . . , 3 '  .. ? ' . .  . .  . -. .. 
: . .  . . This  r epo r t ,  a preliminary and i n  many instances  a t e n t a t i v e  .".. . . 
: - .- . . 

. . 

, * 

' 

.. i n t e rp re t a t i on  of our geophysical da t a ,  was wr i t t en  by t h e  senior  author. 
* .  , , . .  . % '. ' ,. . H o l m e s  and Grantz reduced the sonobuoy r e f r a c t i o n  da ta ,  and Kososki I , .  4 

i . . .  . 
,.,<- a s s i s t e d  i n  assembling d a t a  and compiling i l l u s t r a t i o n s ;  We a re .g ra t e fu l  . . \.. . . 

to'the U . S -  Coast Guard f o r  s h i p  and he l icopter  support, navigation, 

' .  . . b a t h ~ ~ e t r i c  da t a ,  and a s s i s t ance  i n  operat ing geophysical equipment. 

' W. P. ~ ros&,  D. I. Hopkins, H. N. Reiser, and I. I. Tai l leur  and other  

. . s -. ' . 
3 . . , .  . . .  . 
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industry sc ien t i s t s  offered valuable 

nk W i l l i a m  P. ~ r o s ~ &  

i p t  and Olive T. Mhitney for assist ing 

ng the i l lustrat ions.  . . .  . 
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I .  

f o r t  continental terrace is 
I 

x . s  . _ .  .. . . - 
. .  ', . I  . . . . .  . . 

rovinces (Fig. 1). To the east,  i n  the , . ( .  . 
elf  i s  shallow and relat ively narrow and . I. . . 

. . 
t o  the  bordering low Arctic coastal 

. . 
slope, the Beaufort scarp, is steep, - . :  , 

. . ..- . d 

umps and leveed channels off t h e  . . 
. * . . Eastward, the slope becomes , . . . = .  . , .  

, ,. 

nd is being prograded northward by , . 

. , . . . . 
I .  

.x . .' .. . .  : . . . . 
\=, ' . . .  . . 

1 terrace underlies the  Chukchi Sea. . . 

he most extensive f l a t  places on t" 
\ \t ,.. ' 

<i .% 

\ ,.;r .+ 
-Chukchi continental shelf (Fig. 1). . - .a ,: 

. . . . - . _ _" -. . 
<t. he Besufort scarp. and by presuqed 

(Fig. 1) , which 

basin of the ~ r c t i c  Ocean. From Point . , .  

. . 
elf  abuts the low Arctic coas-1 

meets land a t  sea c l i f f s .  
. .. 

-- 
b 
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. f  its higher s t ruc tu ra t  l eve l s ,  by genera l ly  gent ly  northward-dipping 

I Cretaceous and ~e : t ia ry  sedimentary rocks t h a t  prograded northward 

t h e  Barrow arch (Fig. 3 ) .  The arch is a broad regional s t ruc tu re  whose 
. . 

Figure 3 near here,  

.axis l i es  near t h s  Beaufort coast between Point Barrow and Camden Bay . . " ! 
. . 

(Figs 1 and 3 ) .  Because t h e  Beaufort cont inental  t e r r a c e  i s  l i n e a r ,  
, ' 

. . .  
lacking 

progradational i n  a t  l e a s t  its higher  beds, 1 s t rong landward-directed 
. . 

' : oompressional s t ruc tures ,  and faces a deep basin with' oceanic c r u s t  ( the . 
:Canada bas in) .  it resembles cont inenta l  margins of At lan t ic  type 

.: (Beck, '1972). 
. , I .  

: - - ,  The Chukchi cont inenta l  she l f  is geological ly  more d iverse  and complex 
f .. . 

5 than the Beaufort shelf  because it e x t e ~ d s  southeast  across  t h e  Brooks 
. . i , Ra&e and associated ran&. of the Cordi l leran fo ldbe l t  i n  northwest . .. 

> .  . _. . i 

Alaska. mi. extension of the Chukchi Sea was possible  b k a u s e  Hope 

basin. which contains  a broad prism of  s o f t  Ter t ia ry  clastic rocks, and f , . 
P 
f - .  i 

. a low-lying l a t e  Ter t ia ry  depos i t iona l  surface underl ie  t h e  southern 1 

1 .  
1 Chukchi Sea. Flooding o f  t h e  low-lying surface and repeated Quaternary 

* . 

I i a t s r g l a c i a l  marine p lana t ion  of t h e  s o f t  c l a s t i c  rocks has extended t h e  I 
southern Chukchi Sea (average d e ~ t h  50 n) over a lnos t  a l l  of Hope basin.  

i . 1 
, . I  -- ? .  ' I  

The shore l ines  of  t h i s  sea were, in  moot places ,  s t a b i l i z e d  only where . 

marine abrasion reached t h e  harder, pre-Tertiary rocks t h a t  surround t h e  . . 
basin. 

The We-Tertiary rocks of t h e  Chukchi-Beaufort contine11taJ terrace 

. - 
t arr. extensively exwsed i n  t h e  a o o k s  Range and i n  outcrops and test 

I 
4 5 - - 

I 1  ; 
I 

6 
; 
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I 

E Figure  4 near here. ! - 

I - . . ;  

'. .. "Cambrian . to De*ronian strata of both  eu- and m i o g e o s y n c l i ~ l  f ac i e= ,  
c o n s t i t u t e  

i n  many places  metamorphosed, basement f o r  petroleum ex?loration,  and . .-. ...- ,,.- =' -:' ' * 2 
. ,% I , . .. .' . 

I genera l ly  acous t i c  basement f o r  seismic energy, on t h e  North Slope.' , : .  
I - 1  . . .  

i Theas beds may have been deposited i n  an extension of the Frankl inian 
. -. . . 

! geosyncline of Arctic Canada. For the  sake of b r ev i t y  they  a r e  r e f e r r ed  

7 - - . .  -- 

. t .  I . .- /" ; .  . . * 
i > '  .- I "  - s ' t 

? 

wells on t he  North Slope. However, t h e  Te r t i a ry  bas ins  of  t h e  t e r r a c e  
1 

/ 

i. 
are known a lnos t  e,ntirely from marine geophysical data. Tho negascnle 

I) 
f 

s t r u c t u r e  of t h e  prc-Ter t iary  rocks, which is r e f l e c t e d  i n  a s e r i e s  of  1 
i sweeping syn tax ia l  2nd o r o c l i n a l  f l exu re s ,  i s  shown i n  Figures  1 and 3. 
# 

The Porcupine and Ogi lv ie  o roc l i ne s  (Fig. 1 )  of t h e  ea s t e rn  Brooks 

R a g s  a r e  considered to  be  flexures r e l a t e d  t o  eas t -nor theast  t r anspo r t  

of northern Alaska along - a e  Kaltag and r e l a t e d  f a u l t s  (Grantz, 1966) . 
I. . . 

I The Chukchi syn t ax i s  (Ta i l l eur ,  1969) o f  t h e  western Brooks Range is 

bel ieved t o  represen t  t h e  i n t e r s e c t i o n  of the Brooks Range orogen by a t 
f *  s l i g h t l y  l a t e r  e a r l y  Laramide t h r u s t  and f o l d  system i n  t h e  Chukchi Sea 

- 8  
. . I -:> 

(Grantz and o the r s ,  1970b) . 
. . 

The bedded rocks  of t h e  Brooks Range and North Slope and of  much of 
9 .  . . 1 .; & Chukchi-Beaufort con t inen ta l  terrace can be  grouped i n t o  f i v e  - 
s e q u e n s s  t h a t  reflect major s t ages  in t h e  t e c ton i c  e$olution of Arctic 

j Alaska (see Alaska Geoldgical . . Society,  1971, 1972; ~ r o s ~ ;  .and. Dutro, 
. I 

1973; ~ r o s g i  and T a i l l e u r ,  1971; Churkin, 1933; and Lerand, 1973, for 

i r ecen t  summaries of  t he se  rocks) .  Four of  these  sequences, as developed 
f ..: 

on t he  Xorth Slcpe, are shown i n  Figure  4 .  A f i f t h  occupies Hope basin .  



' 
, to as ~ r ~ k l i n i a n  (?),'r;cquenca, rocks o r  basement i n  t h i s  paper. 

/ 

I i @ Above the  Franklinian (?) rocks is a regional angular i 
1 

unsonfo-mity t h a t  m s r ? c s  t h e  consol idat  ion of t he  Franklinian (? ) . . 
i' 1 = I 

goosyncline on t h e  North Slo2e i n t o  t h e  s t a b l e  Arct ic  Platform. !.ate Devonian 

or Earlv >fississippian t o  earuest -C i retaceous c l a s t i c  and carbonate sediments, 

were deposited on t h e  platform der&ved from northern source areas ,  

i n  t h e  Arctic Alaska bas in  of  Ta i l l eu r  and ~r0.s~; (1970). Lerand (1973) 

t as s igns  t hese  rocks t o  h i s  

I t 
t h a t  we w i l l  follow i n  t h i s  paper. The platform rocks t h i n ,  coarsen, I L 

t . ' t and onlap northward toward Barrovia (Ta i l leur ,  1973), a provenance a rea  
t . ' 

1 
- .  ' 1  . l y ing  north  of t h e  Arctic Platform and t h e  present  coast .  The term 

. : - .  . . I i I ,  . . 

f "~rctic  - ~ l a t f o m "  (Payne, 1955; and Miller, Payne . and Guyc, 1959) 

o r i g i n a l l y  designated the  northern f r i n g e  of the  platform upon which 
. +  . J 

t h e  Ellesmerian rocks of t h e  North Slope were deposited and also t h e  . . i . -  * 
.-- 

offshore  provenance a rea  f o r  t hese  rocks. Ebayne and o t h e r s  (1952) had i 

I earlier ca l l ed  t h i s  f ea tu re  the  Barrow Platform. I n  t h e  presant  paper, 
=7 Fr.,L\,*b~- k.)-)% 

: r '. 
; the term Arc t ic  -- Platform i s  r e s t i i c t e d  t o  ar. observable fea ture ,  t h e  

- 

foundation upon which the Elle-smerian sequence of platform rocks o f \ t h e  ' : \ 

t North Slope was deposited.  The provenance area,  t h e  exis tence,  - - 
of which 

I 
dimensions ar.d present  posi t ion/can only be in fe r red ,  requi res  a s e p r a t e  

: . . 
F '? Mme for which Tai l leur  's term Barrovia is appropriate.  N e d  Prudhoa 

t 
! 

Bay t h e  Ellesmerian rocks contain g i an t  o i l  and gas' accumula t i~~ns  w i t t i n  ' 

I 1  : ' : 
*k=tu ra s  on the Nemzoic Barrow arcs. I n  and south of t h e  scutharc  

i 

I Bmaks Pange, t h e  El les?~er ian  p l a t fo rn  and shelf  rocks grade i n t o  

! The Ellennzrian beds a r e  read i ly  sounded by 

I 

. . 
' . 

i - ., . . '?. 



- - -- -- 

I .  1 , .  
' ;  - I 

I 
. - . , . 8 

t 

s i g n d ~  from large seismic sources. Iiowzver, we penetrated them only . . 
. . 

n9ar the Barrow arch, where they are relat ively shallow. 

@ i n  l a t e s t  Jurassic and ea r l i e s t  Cretaceous time major tectonisa 

reshaped northzrn Alaska and Canada basin, arid on the North Slose 
. : 

southern sources of d e t r i t a l  sediment rq l aced  northern onas. The Brooks 
. , 

f rorn - .  
1 mnge oro5erry, resultinglintense Nevadan and Laramide compression i n  the  

. . 

1 southern par t  of t he  Arctic Platform, caused large nappes of Paleozoic 

to Cretaceous eu- and miogeosynelinal rocks and p l a t f o h  and foredee? 
to  be thrust , . 

rocks/relatively northwa~d onto the central part of the platform. .. 
7 

)iggrc&ate shortening i n  the western Brooks Range exceeded 100 :un - < 

-, 

(Martin, 1970) aad m a y  have exceeded - (Snelson and Tailleur, 1968). . . - .  

Concurrent depression of the  overridden southern half  of the Arctic 

Platform created a foredeep, the Colville geosyncline, which received 

- .  .. . 

: I 
1 .  ::. 1 

lower Lower Cretaceous (Neocomi i  f lysch and olistosf  romes from the . . . 

develop in^ . - 1  
/ , . Brooks Range orogen, I n  t h e  southern part  of the  North Slope . . . ,  

- .  . 
* *. . -.; these .rocks, the Okpikruak Fornation (Fig. 4 ) ,  unconformably overl ie . 5. - ' .. - 

'the ~ l l e s n e r i a n  sequence. Porthward, the f lysch grades la te ra l ly  intr. 
Gkat\4.J- &k2 ? . . 

condensed (Eoauinoid shale) a& then organic shale of part ly northern 
. . 

provenance beneath the Arctic foothi l ls  and coastal plain. The organic 
. -:. 

shle, infernally called the  *pebble shalew or "Okpikrwk shale", i s  . .. 
_ C  

/ . . 
tbught  t o  be an important source .rock for petroleun a t  Prudhoe Bay. , . 

*. i . . 
@ . Continued up l i f t  i n  the Brooks Range drogen fed voluminous de t r i tus  ' 

, .. resulting in 
northward / a se r ies  of thick, northw3rd-shingling u p p r  Lower Cretececus 

I (Albian) t o  Tertiary molassew@ges - - i n  the Colville geosyficline (Fig. 4 ) .  

. . 
r n ~ s e  wedges grade northward i n t o  deltaic,  paral ic and shallow marine . . - t - 

_CI-- 

i 
f 8 

I . :  

f - .  . - 

) --Z- -- - - -. - - - -- - -. - . -- ,-,, --.,.>Y.k- a 1 % " , .' .. , . .I . 
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I I . I 
the 

i n  p a r t  onlappcd end i n  p a r t  ovemlepped/Brrrow arch.- 
I 

, n t!-- 
the  wedges migrated progressively corthward, f i l l i n g  - - , y* 

/ 
- 

4 the gecsyncline and o'verspi l l ing. i ts  northern margin. Barrow arch,  t o  
' -  . -.- _ - .--- 1 

form t h e  proyradational Beaufort cont inenta l  t e r r a c e  and f i l l  t he  Xorth . 

Chukchi basin .  Encouraging q u a n t i t i e s  of o i l  and gas  have been found i n  
, 

'. t h e  Cretaceous rocks of  t h e  Colville geosyncline ( ~ r o s &  and Ta i l l eu r  , 1971) . 
western . t 

. @  . compress ogen continued i n t o  t h e  Late 
* .  - _h- 

, . 
, . . . :,'Cretaceous and perhaps t h e  e a r l y  Tertiary,  . . .. . . I  

.P* - - -  . 
a .  

' . :land apparently into t h e  Neogene i n  t h e  northeastern Brooks iiar.ge and its 
. - . . 

.. forel>nd (Fig- 3).  The Albian nolasse  wedges north of t h e  Brooks mnge . - 
" .. 

r ' - 
I 1  - 
I T i  

, .. are dominated s t r u c t u r a l l y  -- by f l a t  t h r u s t s  and r e l a t ed  
L . .  

detachment fo lds  
1 . .  . 

' .' .:rooted i n  t h e  north n p a r t  of t h e  orogen. I n  t he  southern Chukchi Sea, t C I - - -. - . > .  . . . .' . 
. ' post-orogenic c r u s t a l  extension c rea ted  t h e  Hope basin ,  which l ies  , .  . 
/ Z b "' , :. :. ' 

e western Brooks Range. The extension 
. .  , - - - 

Ter t i a ry  (?atton and Hoare, 1968) . .. 
4 . . 

. . 
northern Alaska along t h e  Kaltag f a u l t .  . . ;  

. . , . 
. . .  . . . . .  - . c  

. I  - ...' > . 
. . 

ukchi-Bcaufort continental  terrace . . 
. .. . , 
' . '  . - . .. .. '. 

a r e  bes t  i n  t h e  Cretaceous and Te r t i a ry  . . 
1 _ 1- 

, Beaufort shelf .  and Hope and North 

. . 
l a t i v e l y  s o f t  rocks, however, our 

. . 
& . .  

en 1 1/2 ahd 3 1/2 seconds of  two-way . ,  
% 

time, or  about 2 t o  4 h.  he framework e l&ents  of t h e  Chukchi-Bsaufort 
. ,  

below from south t o  north i n  the 
Sea. 

t he  ~ e a u f o r t l  The discussion i s  b = : d  

~ i n l y  upon our seismic d a t a  and extrapolat ion< froin onshore geology; r 
C- -- - 

supplemented by study of four dredge h i u l s  by t h e  un ivers i ty  af Washington, -. 
9 

I . . 

9 .. , .. .)'. 
- ---..&- .ad!&ud&,h~a - 
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.a . :.,!;{/ -* . I .  . 6 

. A .  
I ,  

f . 
.)( iong refraction l ines  report& by Hunkins 11966) and l i l n o  (1966), 

$6 Am 
I .  

. - 9 , - :  

1 .  
and soma magnetic and gravity measurements. 

I .I . 
. . I .  

. . . . 

basin 
7 

. . 
The.southern Chukchi Sea is underlain by a sedimentary pr im,  -. . .- . 

{.!., '* . . 
I . .  I .  

depbsited i n  IIopa basin, that res t s  unconformably upon usper Lowr . . .  . . . . 
' .-... 

cretackus (Albian) and older deformed rocks of the Brooks Range orogen . . . % 

. , .  ': ' 

# - '. . .. . . .L 

[Fig. 3 ) .  The gentle structure and low seisnic velocities that . . 
I .  . . 

' .  
. . 

characterize th i s  p r i n ,  together with the age of the underlying rocks, . 
. . " .  . , 

suggest t h a t  it is probably ~ e r t i a r i ,  and possibly i n  part Upper 
f 

Cretaceous i n  age. The bas in  has been extrapolated onshore t o  the Kobuk River delta 
and the Selawik Lowland (Figure 3 )  on the  b a s i s  of  gravi ty  data reported by Barnes (1971). 

Acoustic basexbent, which consists of aefonned rqcks of the BrooKs 
- . :., 3. . - k. . . . Range orogen, can be follow& from coastal outcrops i n  Alaska and . - . . 1 . . 

. a  . . .::.. I 
v .  i 

chukb;ka t o  beneath the deepest parts of &pa basin. In most of the 1 

. . - - :  - .  1 
, .. . .. 

basin reflection time to acoustic basment exceeds 1.0 second. I n  an . . I . . ' A - . -  

. , 
. . .. . 

. . / a .  
i 

area' some 8,000 sq km i n  extent south of Point Hope it exceeds 2.0 . . . . 
I * . .- 4 '  

. . , . 
seconds and in small areas 2.5 seconds. On the basis of the velocity ". 

. . - .  
L .. . . 

structure derived from sonobuoy refraction profiles i n  Hope basin , . ,  . - i 
Pigs. 5 and 61, 1.0 second of two-way reflection time represents a : I  - 4 .  

j ! 

. . : :  T i  

. . . . > ! 

Figures 5 and 6 near here, . - f .  . . ; 
. . u. . 

. - ... : 
- .  - .  4 

. . .. j 

depth of about 3,000 feet (915 m);  2.0 seconds about 7,500 feet (2,300 m ) ;  

and 2.5' seconds about 10,000 feet  (3,050 m) , and it i s  these values that . . . 
mu contoured i n  figs. 3 and 17. The deepest refraction we obtainsd 

Z m  acoustic baseme~t .(Vp = 4.5) is a t  2,600 m, qood agrement with 
s ,  

,. 1 

. * ;  

5 . -  . .  10 
- .. , . 

. , 

' 1 
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. _  
ref lec t ion  d a u  there. , . 

Eastern 1. % 
/Hope basin contains th ree  main acollstic ref ldction uni ts  a s  show 

f i n  Figure 6 and i n  Figure 7, a northaast-southwest section somewhat cast 
t 

1 

Figure 7 nzar here 

- 
of the  deepest pact of  the basin. The lowest uni t ,  Vp = 3.1-3.3 km/sec., 

is as much as  0.5-0.6 seconds, or about 800-900 m thick. It occurs i n  

the southern half of the  basin and abuts against acoustic basement . . 

on the  south, near  Seward Peninsula a d  on the  north, i n  the  major 

synclinal downwarp of Hope basin. Th top of t h e  un i t  is the strong;+ 

supra-basement r e f l e c t o r  i n  the  basin. The middle uni t ,  Vp = 1,G. 9 Ian/ - . . . . 

i sec;, is as n5ch *as 1.2 seconds o r  about 1,500 n thick. It ov&steps the  . 
L 

basal unfonforntity of the  lover u n i t  and extends across the e n t i r e  basin, 
with in  of \ 1 which it is tha principal  uni t :  - Densities/ t h i s  unit are . . 

C 

evidently very sens i t ive  to thickness of overburden, f o r  there is a 

good corre la t ion  between seismic velocity and depth of bur ia l  within 

! it. The assignment of rocks ranging in veloci ty f r o m  1.9 to 2.9 km/sec. 
i 

1 to the middle unit is supprted by our .seismic ref lec t ion  records. I % x t  1 
faulting and folding i n  Hope basin is i n  the  lower and middle &?its 

f 
t' (Pig. 7 ) .  The upper uni t ,  Vp = 1.7-1.9 h/sec., is as nuch as 0.8-0.9 

f 
Seconds o r  about 750 w thick, S t  forms a s l igh t ly  defomed lens of i 

5, Sediment i n  t h e  cent ra l  and northern parts of mpe basin. I n  t h e  north 

f 
? this  uni t  oversteps fau l t& and folded beds or' t h e  middle uni t  to r e s t  
5 

underlying 
S on acoustic ba-nt / fierald arch, which forms the north n a r ~ i n  of 



' ,  -- - 

. . -. . . - 1 
t . . ,I". . . !I & 

. *  $ 1  
. * a .  . 

. . .. : - 
p r o ~ r e s s f v e l y  northdard with t h e .  The depocenter of t h e  nidGle u n i t  ! ? 

* I  . . '  . . 
, . 

overlies t h e  nor thehi  wedge edge of t h e  low2r unit .  The u?per u n i t ,  i n  
. . - .  

<b . 1 1  
t u rn ,  overs tcgs  t h e  north,,limit of t h e  middle u n i t  and occurs mainly in  - 

A 

of the basin. 
I 

t h e  northern h a l f /  Par t  of t h e  s t r u c t u r a l  r e l i e f  of Kotzebue a n t i c l i n e  

(~' igs .  3 and 7 ) ,  t h e  la rge ,  broad east-west-str iking a n t i c l i n s  i n  
I 

I s eparate  
southeastern Hope basin,  is due t b  its loca t ion  between thelaxes  of  

(subsidence) 
grea tes t  th ieknesslof  t h e  lower and middle un i t s .  Downbowing of t h e  

and upper 
- base of t h e  n idd le /un ib  south of t h e  an t ic l ine ,  and l o c a l  northdard onlap 

of the base of the middle u n i t  toward the  an t ic l ine , ind ica tes  t h a t  t he re  
I 
I growth on t h i s  s t r u c t u r e  o r  subsidence sau th-of  it, . was 

later time. 
- . . . . .  

. . The a a e  bas . ' C 

the  seismic v e l o  
same inferences  can be drawn fromlthe charac te r  of t h e  few outcrops of 

I ' I .  . 
young sedimentary racks i n  t h e  surrounding onshore. 

I basin f i l l  are s l i g h t l y  to  - rr .I 

I 

rocks are too high i n  seismic ve loc i ty  o r  are too  . 

. .- 
Strongly deformed t o  c o r r e l a t e  with  tho  l o w  ve loc i ty  (Vp = 1.7-3.3 h/sec.) 

and genera l ly  gent ly  defamed Hope basin  fill. The s l i g h t l y  t o  noderately 

Consolidated rocks a r e  m a  

I 

occur in small .basins  or basin remnants on Seward Peninsula, Chukotka 

and around Kotzebue Sound 

S-rd Peninsula (Sainsb 

I 

12 _ ' .  . . . 
. . 1 ,. .. * .  , . . .  . .. .. , , . , 

:,.: a 
. < 
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. . 

on Eschscholtz Bay,  KOtzebuz Sound (Quackenbush, 1909; D. M. Hopkins, . .  . . .  , . . t - 
. . < I  

exotic blocks i n  maar/d -- . . 
Peninsula UL.M+Ho?kins, d i n  outcrop i n  
c, - / 

a .  

~ e l a w i k  mw-+,ton and 21il 
.. . 

. . 
rocks near Vankareq River, northern Chukotka (Petrov, 1967) and near . - - 's, - - . . . . - d .  

Noxpaga (Sainsbury, 1974) and Deering on the  Seward Peninsula. ~ e c ~ s h o r e  
J .- 
marine depos i t s  of Neogene age a r e  reported from Cape Enmakai, northern 

. - 

Chukotka (Belevich, 1969) and near Kivalina i n  northwest Alaska ( ~ o p k i n s  

;,t;."- 
a& M a c N e i l ,  1960). I n  addi t ion ,  marine sediments were probably . . - 

3 .  

:-deposited i n  Hope bas in  during the  interchanges of Pac i f i c  and Arct ic  . . . . 
I .  

3 ,  . . . - 
matine faunas through Bering S t r a i t  which occurred f r o m  10 t o  6 and .. . . 

. . <  

... 3 i /3 ' tb  1 mi l l ion  years  ago, a s  w e l l  a s  i n t e rmi t t en t ly  during t h e  l a s t  
% - 

. . .  : .I . 
>- . 

.! mi l l ion  years  (Hopkins, 1967, and perqpftai cornyo-, 1974) . _... 
. - 8 . .  - < .  - .  

. -1: '. 
. -. 

' . f i l l e d  mainly by nonmarine rocks. However, t h e  presence of some margina ~- 
. Meogene marine outcrops a ~ d  the  per iodic  exchanges of iJeogene marine 

faunas across Bering S t r a i t  ind ica te  t h a t  a t  l e a s t  p a r t  of the  Neogene 
. . . .  

.section i n  t h e  bas in  is marine, Indeed, given a marine connection and 

suitable i n t e rp l ay  between subsidence and sedimentation, Hope basin  
. ..- . Neogene 
Could conta in  a s ign i f i can t  sec t ion  of/shallow water marine sediments. 
. . 

* '-.' &. .. Cbmprs t s s i~~a l  v e l o c i t i e s  i n  t he  up2er p a r t  of acous t ic  basement 
I 

. . . eastern _ . .  
bmerth/:*pe bas in  incrsase  progressively from 3.5 t o  3.9 h/sec. a t  . .. 

Eerald a rch  to 5.2 )a/sec. near Seward Peninsula. These ve loc i t i e s ,  

E together w i t h  the charac te r  of the surrounding bedrock, suggest that 



. . 
I .  t L 

I ,  
i 

.. . s 5 

dcformrd ?l i rs iss ippinn t o  Early Cretaceous shale .  sandstone. carbonate and 
t 

cher t  under l ie  northern lbpe  Basin. and t h a t  Paleozoic carbonate and . . .  
3 * .  . 
. . 5 

? 
elastic rocks and probably Paleozoic and Precambrian netanorphic rocks 

, . . r  . . 
u n d e r l i e  t h e  southern  pa r t .  This  progress ion m t c h e s  t h s  nor th  t o  

. .. south i n c r e a s e  i n  age ,  indura t ion .  and nrtamorphisn o f  pre-Up;?er 
' t  

- . 3, ' .  , . : 
u s  rocks a c r o s s  t h e  western  Brooks Range. . . . . 

e a s t e r n  
b a s i n  has  seismic v e l o c i t i e s  

3.1-3.3 lun/oec. t h a t  arc common i n  Cretaceous rocks on the Iiorth < 
Upper or Lower T e r t i a r y  

Thus, the u n i t  may correspond t o  the/~retaceous/nonmarine rocks  

along Xugruk River. I n  a d d i t i o n ,  t h e  lowest  u n i t  may con ta in  n o m a r i n e  
1 

. . 
Paleogene rocks such as t h o s e  which c r o p  o u t  on EschsQkoltz Bay. The .1 .. . .. . 

. .  . / . . ., 
e f l e c t i o n  u n i t ,  w i t h  seismic v e l o c i t i e s  of  1.9-2.9 kn/sec., may 

, .- - 
&r;espond t o  t h e  lower and riddle T e r t i a r y  nonmarine beds near  Kotzebue , - 

on nor the rn  Sward Peninsula.  The upper r e f l e c t i o n  u n i t ,  w i t h  

. ,. % 

e l o c i t i e s  of 1.7-1.9 h/sec. may r e p r e s e n t  t h e  n o m r i n e  and .. . -. j , .  
- ., - . -  ._ 

s b l l o w  marine Neogene o u t c r o p s  o f  Caps Enqakai, Kival ina  and o t h e r  
. I  _ . 

. . _ . a  

" k. JZn , - .  

e a s t e r n  . Ho?e b a s i n  ccmsrises 

c e s s i v s l y  northward migrated overlapping c l a s t i c  sub b a s i n s  or . . 

d e p o c e n t e - s  of  p o s s i b l e  (and approxinate)  Late  Cretaceous, Paleog%ne, 
. - .  

. . - 
, . 

4 .  -. * . . . . -.c. . 
I . : , . -  . . 

, . .. . . '; . 
Hzrald Arch 

- _. : . . - ,  . . .  . . ' '  .. r . -..: 
__C_ 

. :. , . . , . . 
F = -  

- . .._ . ~ .. . 
Herald shoa l  and ~ s r a l d  I s l a n d  cap a broad, low bathymetric s w d l  . . .  

. .  , . . -  
. . .  . . . , ., .. . 

0f ChukQtka (Bigs. 1 and 3) .  S c a t t e r e d  outcrops  o f  hard rock,  g e n e r a l l y  , \ 

" .  
' I .  

.:. ._ . . . - 
. . . . 

. . (  . .. . . 
. .  * . ' .  

1 I 

: . . ' A  

.. . . . 
' ..I . . . " . . . .  . . . 

, . , . . 
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r e f l ec t ions ,  and s t rongly r e f l e c t i v e  shallow bedrock jfmhercnt 

character ize  the  s w e l l  and c o n s t i t u t e  a b e l t  of shallow acoust ic  basement, termed 
i 

~erald arch,  t h a t  s e i a r a t e s  the - sedimentary t e r r a  
/ - 

c o l v i l l e  geosyncline. The arch connects Paleozoic and ea r ly  f!esozoic 
r- - 
sedimentary rocks i n  nappes i n  Lisburne H i l l s  on Lisburne Peninsula 

(Fig. 1 )  t o  rocks of similar age and charac te r  on Wrangel Island (see 

Bogdanov and Tilman, 1964, for a comparison of these  rocks). I n  addi t ion,  

plutonic  rocks occur on Herald I s land  (N. A. Bogdanov, personal cornmun., 
-c--C--- -------- ----- -. --- --̂_I- 

1970). Four dredge hauls  t aken  from t h e  arch by t h e  University of 

Washington (see Fig. 3 f o r  Zocations) contain  s t rongly indurated graywacke 

and argillite,lithologically similar t o  Lower Cretaceous beds in the  core 

. o f  t h e  Chukchi syntax is  near  Cape Thompson ( P l a t t ,  1975). The acous t ic  
from onshore areas, contents .of the 

charac te r  of Herald arch,  extrapolated geology/ and the/ dredge hauls 

suggest t h a t  pre-!4issi+sippirn (Franklinian?) a r g i l l i t e  and graywacke and 

~ s s i s s i ~ ; ? i a n  t o  T r i a s s i c  elastics, carbonate and che r t  of t h e  
beneath 

Ellesmerian sequence are close to t h e  sea floor/ t h e  southwest ha l f  of . 
the' a r c h  (Fig. 3). These data also suggest t h a t  deformed' and s t rongly 

indurated Lower C:retaceous sandstone and sha le  a r e  c lose  t o  t h e  sea floor 

in t h e  northeast  half  of the arch. The Lower Cretaceous beds are 
. .  . 

. . 
Pa* o f  t h e  Solvi l l e  Geosyncliae sequence. which is normally acoust i c a l l v  coherent, 

5 tha t  have been so severely defonued by th rus t ing  and refolding i n  t he  

Herald f a u l t  zone and chukchi syntax is  t h a t  t he  coherence of th* 
C 

or5 
seismic  reflect^ has l a rge ly  been destroyed. 

' , Herald arch is  developed on t h e  upper p l a t e  of ~ e r a l d  f a u l t  zone 

(Figs. 1 and 3) .  which thrustf  mainly Paleozoic and ~ r i a s s i c  rocks of i 
. -  . , - 

E 
35 '1 

t . . ' .. . < .  ;i 
1 a , i 

P .I 't I : -  . - .  . . 
+ .  . 

..&.I . mm-"m-!*m*- . 
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b *. # 

-, . , t  

v- ' - . the  Lisburne H i l l s  and c e n t r a l  Chukchi Sea r e l a t i v e l y  ea s t  and northeast  

/ 
over Lower Cretaceous molasse and f lysch  of t h e  Colv i l le  geosyncline. 

# .  

 arti id (1970) dis;ussed these  s t r u c t u r a l  re la t ionsh ips  i n  the  Lisburne 

Hlls. Herald a r ch  owes its topographic r e l i e f  t o  i ts  r e l a t i v e l y  
rCCZ . * - 5 . . 

r e s i s t a n t  rocks, and i ts s t r u c t u r a l  r e l i e f  t o  a combination of movement- 
'the - - e-  began 

- . - o n f ~ e r a l d  f a u l t  zone and subsidence o:;Hope basin. which1 i n  Late . - . j .  

- Cretaceous o r  Paleogene t i m e .  I n  p a r t ,  t h e  subsidence was accomplished - . 8 . .  ' - 
... . . -  

. b y . n o m a l  f a u l t i n g  of  t h e  middle (Paleogene?) u n i t  of Hope basin aga ins t  . . :I 

. - ,' . . 
. older rocks in t h e  a rch  p r i o r  to  deposi t ion of t h e  upper (Neogene?) uni t .  

, .. 

Onlapping of t h e  upper u n i t  aga ins t  t h e  a r ch  ind ica t e s  t h a t  the arch . , 
- 4  . . 

- . . obtained . . . . e s s e n t i a l l y  /its presen t  geometry by Neogene (?) time. Because of  t h e  . , . . .  . , .. 
. . 

s.hl1ow depth of  r e l a t i v e l y  r e s i s t a n t  mcks  i n  t h e  arch, it was probably . . 
- - . . . . 

.'. - . . 
., . '.marked by a trend of h i l l s ,  and l a t e r  i s lands ,  t h a t  were leveled by 4. 

-3 < : 
. ,. 

marine planat ion long a f t e r  the  surrounding t e r r a i n s  of s o f t e r  Cretaceous 
. . 

, . . . a. 
a n d ' , ~ e r t i a r y  rocks were reduced t o  low p la ins .  . , I . . .  - .' : 

- .  . . . .  . .I - ':,. 
f l  ., . . . 

, ., ' , ' a *  

. . . ..' ,Herald Fault Zone and Chukchi Syntaxis a;.*. - - . - .' . . * .  ,- .r . 

. . 
. . : . Herald f a u l t  zone (Figs. 1 and 3) t rends  northwest from Cape 

. . 

Lisburne t o  about 172O W. long., where it is in te rsec ted  by l a rge  

north-south-trending f au l t ed  an t i c l i nes .  Its continuation,  o r  perhaps 
. - 

. only an analogous s t ruc tu re ,  t rends  east-west nor th  of Wrangel a r ch  
3, : -, 

'- ' 
: &fgs. / l l  and 17). a block of acous t i c  basement that l ies between t h e  

' LlDpe and North Chukchi bas ins  w e s t  of  172O W. long. Wrangel arch i s  
C Y , - 

Arch Lisburne H i l l s  and the Brooks Range. - . .  

16 
. , 

. .. .. 

' - - , 

.. 
. . 
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within which folded Cretaceous beds northeast  of  t h e  f a u l t  

e increasingly tilted and broken southwestward, u n t i l  acoust ical ly  

rn ib l e  s t r u c t u r a l  coherence is lost and t h e  broken beds merge with 
.fl 

retaceous acous t ic  basement i n  Herald arch. The con t r a s t  in Vp across  " 

. . 
i ;":the f a u l t  zone shown i n  Figura 8, 3.5 and 3.9 km/sec. south of the  f a u l t  . . a  

./ * ..:a ' , . (, - 
I .  . . . . . . . .  . ' ?  

- ,Figure 8 near here. . . - .  , . 
, ..I; . .. . . ' . .  , *  ' I . . . , c . ... . : . . , I . . - - 

. zone vs. 2.8 and 3.4 h / s c c .  north of it, is in te rpre ted  to represent a - * 

. . . . *  I 

. " .change from o l d e r  and more s t rongly  deformed Cretaceous sedimentary rocks 
. ( .  . . .  rocks 

. .  ..':- .: south of  the f a u l t  zone to younger and less deformed Cretaceouslnorth o f  
?. . . .:. r .  . " . . i 

._ .  - ' . . :::it. A more extended d iscuss ion  and i l l u s t r a t i o n s  of Herald f a u l t  zone . .  - .. . I ' .  - : ' . :. .. .-  L. 
- :and Chukchi syntax is  a r e  given i n  Grantz and o the r s  (1970b). . !*>. 

. . . . . -  . . . .. , .- .. 
- .  : 1 Off &a Lisburne, the zone of inbr ica t ion  and r e l a t e d  detachment 

. ,  . 
.. ' . folds along Herald f a u l t  zone is more than 30 krn wide and t h e  fo lds  have 

.f* .. 
. . . . C . .  t o  the . _ 
. amplitudes of 1,000 t o  1,500 rn. Further/northvest  t h e  faul t - fold  zone . . . . I  ... .. ' . . . . 

'is equal ly  w i d e ,  but amplitudes of t h e  related fo lds  do n3t  much exceed ,, . 

. 300 m. These f o l d s  are also narrower and a t tenua te  rap id ly  t o  low 
. . 

aapl i tudes  away from Herald arch. This change i n  t he  character  of t h e  ..- . * 

. . 
. - . . - f a u l t  zone may be due to a wester ly  increase i n  t h e  age of t he  Cretaceous 

. -. 
2 :. ' .  - .... . . . - 

. . . .. ' . : . rocks on t h e  north  side of t h e  fault. This is discussed i n  t he  next 
. , . . . . . . '  sec t ion .  

inferred belt .. 
- - It is / that Herald f a u l t  zone is an  extension of t h e  t h rus t /  t h a t  . . 

C - - - - - 
forms the  eas te rn  boundary of expos& Ellesmerian rocks i n  the  Lisburne 

-. - - -- rC '.- 

17 . . 
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1 
Onshore the Cretaceous rocks exceed 20,000 fee t  i n  thickness i n  - 

. I 
the foo th i l l s  north of the  western Brooks Range (J3rosg; and Tailleur, 1971). 

. . I 

The ColvilLian roclcs r e s t  on the Ellesmerian sequence except locally on 
1 

I 

the  Bar- arch, where they overlie mildly metamor?hosed Franklinian(3) 
sediments . , A 

rocks. They are ov.rla5.n by Tertiary / of the North Chukchi basin and, .. 
a. .. . .  , 1 .  . . . - '. . ! 

. - . . 'C . Beauf o r t  continental terrace. . . .  . ! . .  . . . i .. r :  . . 
. %  , . ..... . ., The detachent, o r  thrust  folds of the western North Slope occur 

* .. -. 
' - :  1 . . . . 

. . mainly i n  thick, well-bedded marine and nomarine Albian deltaic beds i t . . . , ,  . seismic reflectors. Good , . . .  . 
I '  . . .  . (Nanushuk Group) which include many good / acoustic penetration was achieved 

" . . ' . . . ; , . ,  /-A :I 
, - 

' . .. i n  these rocks. Both the  folds, which a re  mainly of the Brooks -. . <.. " 
. '.. . 

I. & , ~ i  G..4i,*o-'v ?? i: 
8 * 

/ . . 
Range orogen, and the  well-bedded rocks were traced about 130 h offshore i 

. ' 1  . .  . C . , ,.. . ' 
' . . -  between Cape Lisburne and Point Lay. The folds have flank dips of ... . _ ,  , 

.. . 
L. . . , 

" 2: : of - .  0 
' : --.. . ..I-15 , anplitudes/up t o  1,200 a, wavelengths of 20-25 km, and s t r ike  

. .  
., 

. lengths of 50-100 lan and are comparable i n  these characteristics t o  
. .  . I 

- I 

. . *. .' .. * , t h e i r  onshore counterparts. The fac t  that  these folds d i e  out about 130 Ian 
t - . . 

. . ' 
' ' off shore is of both strat igraphic and structural  in teres t .  The we_ll-bedded . : ( - - . .  . - * - % .  

. .. 
a .  

'::: Nanushuk rocks of the folded bel t  are replaced t o  the west by pc?rly 
. < . - , .  

, . . . bedded rocks with only =a l l ,  irregular folds. L i t t l e  
i '  .. . . . was obtained suggested 

' acoustic penetration/in the poorly bedded rocks. It i s  / that they 

. .- represent the Torok ~ormation (lower Albian) or  perhaps older Cretaceous 
- ,  

-:and Jurassic shales h e a t h  both the  well-bedded Nanushuk Group and 
. . .  

. the  detachment f au l t s  i n  which the thrust  folds are believed t o  be rooted. 

. Additional support :or t h i s  suggestion is  provided by the  gravity f ie ld ,  
by - which increases/about 20 Ingals i n  passing from t1.e folded Nanushuk terrane 

.. the plstulst2d older terrane west of the folds (B. R. I(uppe1, personal 
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comun., 1975). , . . 
,; 

I l o r t h e r l y  dipping c l inofora ,  o r  fo rese t  beds occur extensively nor th  . 
/ 

of the folded zone. They may represent  d e l t a i c  depos i t s  i n  t he  upper 
Formation Group 

.Torok/and ~anushckl  (Albian) and a r e  probably s imi l a r  t o  east-dipping . . 

<,' - 
' f o r e s e t  beds found se i smica l ly  i n  the upper pa r t  of the  Torok Fornation 

. . 

e c e n t r a l  North Slope (8rosg: and Ta i l l eu r ,  1971, p. 83-87). The 
overstep 

. cl inofonn beds can be seen t o  / t h e  Barrow arch a t  the  north end of 
. C  . - 

c t ion  p r o f i l e  V-W' (Figs. 5 and 10) and t o  ove r l i e  gen t ly  south 
. - 

ng Ellesmerian and perhaps e a r l i e s t  Cretaceous beds on the  south 
. , - .  

of Barrov arch. . . 
.; 

. The general  charac te r  of the  Co lv i l l e  geosyncline along 168' W. long., 

e s t  of the  folded b e l t ,  is shown i n  sonobuoy refraction-based c ross  
- .. . - 

. . 
on B-Bt (Fig. 8). Unit C (Vp = 3.0-3.4 kmlsec.) appears t o  t h i n  and 

. . 
r s t e p  Barrow arch on t h e  nor th  m d  t o  come t o  t he  sur face  a t  Herald I .  

It zone on the  south. It i s  about 1 k m  th ick  on the  south f lank of . . 
. . 

ow arch and probably thickens considerably toward Herald f a u l t  zone. 
the  - 8  

u n i t  i s  t e n t a t i v e l y  i d e n t i f i e d  as/Torok Formation. - The overlying . , 
.cs - - - - 
B 

2-unlt/ (Vp = 2.3-2.8 km/sec. ) , which a l s o  t h i n s  over Barrow arch, n igh t  
,. 

represent  beds of t h e  overlying Nanushu'x and possibly  C o h i l l e  Groups. 

t h a t  both u n i t s  A and B appear t o  overstep Barrow arch. It is no t  

c e r t a i n ,  however, t h a t  ve loc i ty  co r r e l a t i ons  across  the  a r ch  i nd i ca t e  
. . 

1:! 

t ig raphic  cor re la t ions .  Thus, comparison of sec t ion  B-B' with c-C' , .  

(Fig. 9) and D-D' (Fip. 16) suggests t h a t  nor th  of the arch i n  sec t ion  
8 ,  

B-B' , u n i t  B ('p = 2. 7-2.8 kmlsec. ) is l i k e l y  t o  be e a r l y  Ter t ia ry ,  r a the r  
i n  age. . . 

Creraceous / The group of r e f r a c t o r s  with Vp = 1.7-2.2 h?sec. a r e  
, . 

. . 
. . . , 

. I .  .. . .  * .  
:>, . 

.. . 
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i n t o  c:<istencc i n  l a t e s t  J u r a s s i c  o r  e a r l i e s t  Cretaceous time (Figs. 3 and 
Balr 

6 ) .  The ~rudhoe fa~ ld  r e l a t e d  o i l  bnd gas f i e l d s  and the South Barrow gas i 
1 

f i e l d  a r e  structural-stratigrapi~ic t r aps  a t  s t r u c t u r a l l y  high posi t ions  
3 

1 
1 

' on the  arch. 

. The ax i s  of the ea s t e rn  segment of Bar ra t  arch Pollows the Beaufort . -- 1 
. . . . - . . .  .. . 
. . coas t  from the  f o o t h i l l s  of t h e  Brooks Range near Camden Bay t o  Point 

I .. - 

. Barrow, where i t  i s  about 300 km north of the  range. From Point Barrow 
I 

I ! . '  

,the arch follows the  same west-northwest trend offshore  some 200 kn t o  
. . . . %  - .  . . .. . . 

- 7 2  114' N. lat., 161' W. long. i n  the  northern Chukchi Sea, The eastern 
. . . *-  . . 

s e g m e n t  is a broad gen t l e  a r c h  with second-order Folds and f au l t s .  It is 
. .- 

bounded on t h e  north  by a Cretaceous and Ter t ia ry  progradational sedi- 
. * . . .  

.. .I hentary prism beneath the  Beaufort she l f .  \Jest of 161' W e  long. the  arch . . . . . ,. . 
. .  . . . - _ . I  

I .  

' 

t r e n d s  west-southwest t o  71. N. l a t . ,  171. W. long., where i t  approaches - - 
. . . . 

, . 

ures  (Fig. 3). The axial region of t h i s ,  the  ves te rn  segaent of the  
\ . . . . 

. -arch,is s t r u c t u r a l l y  more complex than the eastern segment and is corrugated . . 
. - 

by severa l  fo lds  and f a u l t  blocks. It is bounded on t h e  north by the  :.. 
-* -- .. . ' .  . . . .. 

,extensive*Cretaceous and Te r t i a ry  North Chukchi basin, and is i n  consequence 
:----- -- .- .-.- - --- . -_ _,-. -- ___ _______ _- - *- - -  - - + " - I . - . .- _ . % 

-'*.much fu r the r  from the cont inenta l  s lope than the  eas te rn  segment. . .. . . . 

% .' 
Franklinian(?) rocks beneath the pe t ro l i fe rous  Ellesmerian and . . . . 

.Colv i l l i an  sequences along t h e  ax i s  of the  Barrow arch a r e  0 - a b  deep . . -  
Point . . 

near/Barrow, and about 0-5 km deep a t  the  northernmost extension of the 
. . - .  . 

. arch i n  the northern Chutehi Sea. From these a reas  acoust ic  basement . 
. . 

. .. . . 
. deepens eastward t o  about 3.5 km a t  Prudhos Bay and perhaps 5 km where 

i t  l o se s  i d e h t i t y  amid foreland fo lds  of the  Brooks Range near Canden Bay. 

. Westward. ~ c o u s t i r  basemnt is projected t o  a depth of about 2 km 
. . .- . 

. . . . . . 167* W. long. , ,- *. . . 
.. .. >. I . . . . . I  

. . . , .  . . - -. . . k '. 22 e .  . .  . . . . <.. s .  

. . . .I. l 
, !. . 3 

. . I -  . . 8 -  - . .. ,..: , 
I '  . . . . . t;. . .. 
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. . . . Thewestern segmentofthearchliesbetweenthe t i l t e d  A r c t i c p l a t -  

form and the North Chukchi basin. The data upon which t h i s  report is based do not 
\ indicate North Chukchi 

/whether the/ basin was b u i l t  across a l a t e s t  Jurassic  and e a r l i e s t  Creta- 
. (\aad,$.:f* *ether i t  Vlr' 

ceous continental margin, o r f i s  epicontinental. In e i the r  case, the 
Bar rw 

?), 

west-southwest trend of / arch west of 161" W. long. - i s  thought t o  be a 

The Barrow arch is thus regarded a s  the s t ruc tu ra l  culmination of a 
. 
' .. t i l t e d  platform, ra ther  than a t rue  arch. Its c r e s t  was or ig ina l ly  pobi- 
. '-- - - 

. . 
. - tioned near the faul t s .a long which the platform north of the arch was 

.. . . - =-do S S  . . 
. I 

' . . .  sh i f t ed  southward t o  its present posi t ion by Early Cretaceous erosion and 
secondary mo . . \  

:: probably by some/structural collapse of the  t e r ra in  adjacent t o  the f a u l t  . - 
. . . . ... % - + . .'... 

.::...,tone whichdetached Barrovia from the Arctic Platform. . . : . r.. - _  . '.. . . .  . : .. . . I .  . . 
' '4  "'.. . ' 

. . -' - % ,. - . _ .  .(. . . .. , . : h. 
/ . - ; . :  ... 

. . . . .  ' -  "". . . ' .- . k t h  Chukchi Basin * .  ' C  ;. . . . . .  * .  
& . - .  . . J  . .. . = ; The Chukchi continental  t e i r ace  north of the Barrow and Wrangel arches 

. .  - . . 
(Pigs. 3 and 17) is underlain by an extensive basin f i l l e d  with s t r a t a  

. .  I . 
-. - :  inferred t o  be c l a s t i c  and of Cretaceous and Tertiary age. This, the 

' 
. .. 

/ 7 I L,JJJ* r 

e .  
.-' . 

North Chukchi basin, contafns more than 4 seconds (5 or  more b) of section. 
. . . . 

' .. A notable feature is the occurrence of shale(?) d iapi rs  i n  the basin. 
< . ,.. ..,Z , 

>.  - 
.) . . 

i .  

St ra ta  i n  the  North Chukchi basin i n  par t  onlap Barrow arch, and i n  . 
overstep 

,. . p a r t  th in  toward, but / . . it. They meet Uraagel arch a t  the apparently - 
: . .  

.. , high-angle Wrangel f a u l t  zone, which is inferred t o  be a thrus t  f a u l t  
* .. 

system (Figs. 3, 11, 12 and 17). Near the Wrangel arch and f a u l t  zone the 
. . 

. . 
. . 

Figure 11 near here. -- . . 
- .  . . I . ,  . .-. - . * b . .? 

g 24 . A' 

. .  . 
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bas in  t l l l  arps as I:IULL~ L# 

/ L-- , 
,f 

are 0-1" northerly. 
I 

. -... ,, ' -  -- ,. ee l q *  norther ly ,  but away from the margins d ips  9 UKW i n  the North Chukchi basin 
There / some f o l d s  and f a u l t s  /near  the Wrangel 

, . -..- o v e r a l l  
'C 

s t r u c t u r e  
- 

i s  P gently northward-dipping and 
C \ - - 

with few s t r u c t u r a l  complications. rcc- Away from the 

*' shale(?) d i ap i r s  t h a t  i n  p laces  reach t h e  sea f loor .  I n  t he  eas te rn  p a r t  
.- 

" .  . . 'of the basin p r o f i l e s  t h a t  reach t h e  shelf  break r evea l  a very low ampli- 
from ., . rude a n t i c l i n e  l y ing  from 0 t o  10 km landward / t he  cont inenta l  shelf  

e 
. . . .  .-.. - ... -.-break, _ and a s imi l a r ly  shallow compl . en t a ry  syncline about 10  Ian south of 

. *  . . , . - 
. : . 1 ' .  : - .  . 

. ,'.. . - -. t h e  an t i c l i ne .  . I . . . .. 
. . . . 

. . ,- . L - .  TWO lujor s t r a t i g r a p h i c  sequences, separated by a s t rong angular uncon- 
, . . - .  , . . _ .  - 

. - : . f o m i t y ,  can be  recognized in t h e  southern pa r t  of the  North Chukchi bas in  . . ... _ 
. . , -  . , 

. '. - .(see Figs. 11 and 12). The unconformity increases  i n  discordance and hga ta l  
. . .... . . 

. . 
-, _ . 
, *. . '.. . 

j .  . . , . ., .*'. :.. . , ... :: - 
. +. , Figure 1 2  near here. . : ,?... q. . 

> 7 -  
. .. . - 

* '  . . .. .. ,' 
; '. y ,  - .  

._  . , . , -. ' *.. 

.. * - . .. 
L / ... ,. _ 

( . _ , . +  ... . . . .  . . . 
. . . .  , : '  ...: :...value toward the south, as i t  approaches the  Wrangel and Barrow arches, 

. . ' I .  . : ,.: : . , 

+ -  -..' . : . :' supporting t h e  inference t h a t  these s t ruc tu re s  form the  south boundary of 
. .  . - .: ' . 

<. . . -., the basin. . .  .. . ..( . .? 

. . -  . '.. .s.. . . . -  < 

. . .. .,. '. 
:.. 

Near Wrangel a r ch  (Fig. 11) the  unconfannity is folded above a pea- .:... 1 .  . ,.. . . ". . . . .. 
of a n t i c l i n e  _. _ . .. pa r t ly  

' 
."~ . s ib ly /d i ap i r i c  anticline/prcunconEormity age, and the/  thus  appears t o  have 

. : . undergone renewed growth i n  pos t-unconformity t i m e .  
- . . . Neatby 

. 
. . 

I ' 

a : (Fig. 12). the same unconformity t runca tes  a f a u l t  block and a diapir<c 
3 %  . ,  : (uni t  1) . - .  

. f a u l t ,  zone. The beas above the unconfomits/ a r e  l i t t l e  d e _ f ~ d ~  
. . l n  age. (unit 2) 

. , 
Lo be Ter t ia ry ,  perhaps - Neogene / The beds balaw/are perhaps Cre- 

in age. 
taCeOUS or e a r l y  T e r t i a r y  / The post-unconfom~.ty u n i t  is a t .  l e a s t  3 
* 

. 
seconds (about 3 t o  4 km) thick.  The pre -unconfod ty  u n i t  is a t l e a s t  

... 
I I 8  

. \ , - .  . . - .. ,... . - 
1 
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. . . 
' .  . . .. 

!, ,' 
I . .  

. , 
1.7 seconds (about 2 km) th ick,  Beneath the  pre-unconfornity un i t  l i e s  

i n t e r £  ace - 
s t rongly  r e f l ec t ive  rock / t ha t  produces an except iona l ly  long t r a i n  of 

a r e  I j 
multiples. It is uncertain whether the rockbeneath the in te r face1  

ment, o r  whether t he  t r a i n  of mult iples  masks a possibly 

t h i c k  sequence of bedded rocks beneath t h e  pre-unconf &n i ty  uni t .  
I .  

'. ' Refraction da ta  (Figs. 8 and 9) i nd i ca t e  t h a t  the  North Chukchi basin  -. . . 
t .  

,: contains  more than 1.2 km of presumed Te r t i a ry  (perhaps Neogene) beds 
-. . 

. (unit  A, Vp a 1.8-2.1 kmlsec.) and more than 0.8 km of presumed Paleogene 
h l s e c  

: beds (uni t s  B and B2, Vp - 2.4-2.9 overlying assumed Cretaceous s t r a t a  

3.0-3.5 km/sec.). . The 2.3-2.8 km/sec. r e f r ac t ion  u n t t  . . . _ . . .  - .  
,. . .,. . - 

e mainly Paleogene i n  the  North Chukchi basin,  and k i n l y  
. - 

3 . 7  . . .. . 
south of t h e  Barrow arch. . . -  . . .. , ' _.  .. . . . r, - . ,". 

d i r e c t  evidence of Ellesmerian rock= i n  the  North Chukchi t .  ' .  
... . .,. 

us (1966) shows some 6 h of mater ia l  with a Vp of 3.0 hlsec., 
. . . .  1 

.' i n t e rp re t ed  t o  be Cretaceous and Te r t i a ry  sedimentary rocks, overlying 
T 

I 

i a l  with a Vp of 4.9 km/sec,, in te rpre ted  t o  be Fra?klinian(?) . _  . . .  
165' W. long. i n  the northeastern pa r t  of the  , .  

. . . .  

e r ,  Hunkins' p r o f i l e  w a s  along the  ou te r  shelf  and upper 
along a trend of 

slope, and a t  l e a s t  p a r t l y  i n  the  zonz of the  ou te r  shelf  a n t i c l i n e  and / 
. - 

p o s i t i v e  grav i ty  anomalies. It i s  possible  t h a t  these f ea tu re s  r e f l e c t  a 

ch Ellesmerian rocks have been s t r ipped  by erosion, 
. . . ,  precluded the  presence of 

. I n  t h a t  case,/ Ellesmerian rocks would not  be/ f a r t h e r  south, beneath the  . . . 

i n  the  c e n t r a l  p a r t  of the North Chukchi basin. It is 
. * . . 

p o s s i b l e  t h a t  the 4.0 kmjsec. r e f r a c t o r  i n  un i t  F (acoustic basement) on 
t h e  . . 

represents  the north flank of/barrow arch  i n  p r o f i l e  B-B' (Fig. 8) . . , 

Ellesmerian rocks. A 1  t e rna t ive ly ,  Hunkins' 4.9 km/sec. l ayer  may include 

- - 
., 26 - .  

. 1  

:. . .. . . . . . . I .  
' ,\ --.-- -*  , - , - , . . . ' A  

"-*- - - - -  - ----- - "  
- '  



- - 

i .  . 
- 

. , . , I 8  .' 'A* 
8 - . &  

.% . . c ! - .  , . . 
, --: 

k Ellesmerian rocks. I f  the r i f t i n g  o r  f a u l t i n g  t h a t  removed Barrovia and 
! 

F created aarrow arch a t  the  c lo se  of the Ju ra s s i c  followed the cont inental  
i 
i 
I s lope r a t h e r  than the  north s i d e  of Barrow arch west of lh1° W. l m g .  the 

I North Chukchi basin may contain Ellesmerian rocks beneath its thick f i l l  
I ' 8  . I 

, of Cretaceous and Ter t ia ry  c l a s t i c s .  I . - .  
. . .. 

. I . . .. , . . . . . 
*? . 

Diapirs  i n  North Chukchi Basin % .  
- :. , , 

: r '  . . 
' , ' . ,  M a p i r s  were found a t  a few widely sca t te red  po in ts  i n  the North . .- 

.:. Chukchi basin  (Fig. 3) but nowhere e l s e  on the  Chukchi-Beaufort cont inental  
. . 

: t e r r a c e .  The main, and pos i t ive ly  i den t i f i ed  group of d i a p i r s  int rudes  . . , . . . . .  and reaches 
; . the presumed ~ e r t i a r ~  f i l l  of t he  bas iq f to  the seafloor.  The other group 

. ,, cons i s t s  of d i a p i r i c  f a u l t  zones and a n t i c l i n e s  t h a t  in t rude  presumed Cre- 
. . 

': t aeeous  o r  Paleogene rocks near the  margin of the  bas in  j u s t  qor th  of the  
l a t t e r  the 

' : ' .Wrangel arch. The / f ea tu re s  are over la in  uncontormably by /presumed_. 
4. ?" 

fib \ 

. , tW;6A@ * 
. *  Ter t i a ry  beds (Figs. 11 and 12) t h a t  host  the  main group diapirs .  . , . .  

. . 
- . .. A star pa t te rn  of r e f l e c t i o n  p r o f i l e s  over one of t h e  two d i a p i r s t h a t  were .., . . ... < 

" 8 .  . . 
. :. . t r ave r sed  of the main group demonstrated t h a t  it ,  a t  l e a s t ,  is . . .:. -, -*. . 

, .*., : t .*, ' .circular o r  subcircular  i n  plan and not  elongate o r  r idgel ike.  These 
- . ,  . . - .  

, . 
:- % .  :diapi+s are about 2 km i n  diameter and extend 3 or  more im beneath the  

t 
/ '. 

- . i  . . 
a ', seafloor.  The parent bed, however, was not identified.  8 .  

- '  The d i a p i r s  are c l ea r ly  i n t ru s ive  f o r  they have dragged the  host  beds . . 

p a r t i a l  
. . . '. upward and broken them by swarms of small f a u l t s  (Fig. 13). A f r i m  syncline 

. . .  - 1 

' t .  . . . -  . 
~ l i u r e  1 3  near here. v .  

1 

- ' can be recognized near one of them. 

. . '  
' . 

. .  . - .  
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The three in te rpre ted  d i a p i r s  of the  main group (those shown by 
I c 

1 .  

hollow t r i ang le s  on Fig. 3) represent  local ized bending and small-scale ' , 
? 

f a u l t i n g  i n  otherwise f l a t  beds. These disturbances a r e  s i n i l a r  t o  those L 

found i n  has t  beds per iphera l  t o  the  traversed d i ap i r s ,  and they a r e  
t 

. .  , .  
' ' t en t a t i ve ly  in te rpre ted  a s  "near misses". 

t 

1 .  

The. l i thology of t he  main group d i a p i r s  can be inferred,  although 

- not  conclusively,  from magnetic p r o f i l e s  and grav i ty  da ta  over one 
., . 

. bf. them (Fig. 13), a sonobuoy r e f r ac t ion  p r o f i l e  (Fig. 14) and regional  
. . &;\ . . . . 

. ' - .  
\ . bt .*/ ' . ... r . . 

. - Figure 14 near here. . ~. . b"; 7 
. . .. 

. f . I -. Over 
a - -  s t ra t igraphy.  -The magnetic f i e l d  is no t  perturbed 1 the d i ap i r s  and the 

, - 
. .. :... . , 

:t grav i ty  f i e l d ,  i f  i t  is af fec ted  a t  a l l ,  shows a 4 mgal pos i t ive  anomaly 
- . over . ' t "  

. . ; - '  . f one margin of t he  shallowest crossing of the  d i a p i r  a t  73' Ny 163' W . h .  d 

; A m g a r t v e  anomaly of 8 ngals  over the  d i a p i r  a t  74' N F  166' W.jf$ady 
thus , .  . z.. . . 

. , . .and others, 1973) was recorded while t he  sh ip  was changing course andfls 
% ,  

1 .  

. , - unrel iable .  
I. . 
: n o t  igneous, and probably not  s a l t .  They might, however, be shale,  although 

0 / - 
-. the grav i ty  da ta  do no t  unequivocally d i s t inguish  betzxeen s a l t  and over- - . .  . . 

pressured shale  f o r  a l l  reasonable dens i ty  cont ras t s  between the d i ap i r s  and 
the host  beds. 

. . The r e f r ac t ion  p r o f i l e  was recorded from a sonobuoy deployed a t  the 

- . .  , .  , 
' p r o f i l e  i s  1 112 km, its top is 25-50 m below the  seaf loor ,  and the  water 

- '  depth is about 90 m. With t h i s  geometry the s lope of the  ea r ly  r e f r a c t o r s  .. . 

should r e f l e c t  the seismic ve loc i ty  of the  d iap i r .  These r e f r ac to r s  have 

tho Gulf Coast (Nusgrove 3ad ~ l c k s ,  1968) and much below t h a t  of s a l t  

- 
t .  

2 8 

* .? 
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a t ~ s t  rocks 'are gent ly  t i l t e d  and folded beds t h a t  a r e  presumed t o  be 

trccjceous or Paleogene. Both the d i a p i r l i k e  s t r u c t u r e s  and the host  beds 

,re overlaln with angular unconformity by gent ly  basinward-dipping s t r a t a  
. ' 

(of presumed T e r t i a r y  age. 
' . 

. . . . - 
These d i a p i a i k e  s t r u c t u r e s  are intruded masses o r  piercements t h a t  

corrmonly 1 to 4 km i n  apparent width. Some have a s  much as 2 o r  more - 
~4 of v e r t i c a l  ex ten t ,  Three (possibly four) of the  l a rge r  d i a p l q i k e  

features are a l i n e d  and show s imi l a r  c ros s  sect ions ,  and therefore  probably 1 - - 
represent a s i n g l e  e longate  -- s t ruc ture .  This elongate s t ruc tu re  is sub- i 

C. 
- 

prrallel t o  t h e  nearby Wrangel f a u l t  zone, suggesting t h a t  i t  is a r e l a t e d  
I j 

4 

.. . 

4 6 ; / 
fau l t  zone vfth a d i a p i r i c  core. The o ther  d i a p i  i k e  s t ruc tu re s  near the 
.- . . I 

. . 
i 

Urangef. f a u l t  zone appear on our refXe2tton p r o f i l e s  as i so l a t ed  pierce- I . - I 
I 

a n t s  or pos i t ive  s t r u c t u r e s  of small  v e r t i c a l  displacement i n  f l a t  o r  
. ! 

t 
. - 

p n t l y  t i l t e d  .or folded hos t  beds. None of. the  d i q i q i k e  s t ruc tu re s  have 
.. I -  . . .  

d l r t c t l y  associated magnetic anomalies. ~ a k e n  together , these character- 
,..* - 

tst ics suggest t h a t  t he  s t r u c t u r e s  i n  question a r e  a f ea tu re  of the f a u l t s  

folds that were generated along the south margin of the North-Chukchi 
. .  . . .-. 

b r i n  by compression a t  t h e  Wrangel f a u l t  zone. . 
. .  , 

. = 1 ... .' . .. 
. .. - . . . ". . 

k'ufott  - Shelf W e s t  of Caiuden Bay . . 
. - - . . .  

me geologic s t r u c t u r e  beneath the Beaufort cont inenta l  shelf  changes 

C)ufacter at  western Camdm Bay (Figs. 1, 2 and 3). To the west, the 
. . 

"'rta underlying the she l f  a r c  but s l i g h t l y  deformed and i n  general d i p  
dis located I 

Z+"tl~ seaward. To the east, they l~ave been 1 i n t o  long, l a r g e  
f 

1 .. . 1 

.. . ., 
,: . 

a . . -- ;+, . 
. 30 . s 

. . . . .  
I .. 

, . .  . .  6 .. I 

, I -  . . .  . . i . .. . . : .  .- 
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I '  k c  

1. " .  t 

* .  i . .  1 :.'; . .  . . 

amplftude, east-northeast-striking folds. The change occurs where the I , .  
. . 

\ 

. I 
I . : .  

cast-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 

1 flank that part of the range. _ . 
1 , . 'a 

Bedded rocks in the western Beaufort shelf dip about 1' northerly, 
I 
I . . 
I . but north of Barrow a local monocline has dips of 5' or more (Fig. 15). 
I . . z .  - .-. ...- - -  . 

a . . I  ' . . ", -,' . . 
I . . .  ' .  . . . . . . .:. i ' " ' . . ' . .  . - I -- 

.. . . Figure 15 neat here. '. . i . ,  b . .  .. * - *  . s . . 
1 : ' 9 :  : .  ~ .. . . ..-.. .. . I I 

'Between Camden Bay and Cape Halkett the outer part dC tila western Eeaufort 1 

I . .  . 
: - .  shelf is characterized by a structural - - tenace, or flattening, in the 

, . I . . . . 
I 

6 .  

.,. -. :gentle north dip, and west of Cape Halkett by a broad shallow anticline 
I . - 

I . 
! - 1  

2 .  
.: " ' 

a . : (-. amplitude R O O  rn) as in the northern Chukchi Sea (Figs. 3 and 15). I 

i 1 ' 
. .  , \ .  j .. -.' : .The shallow anticline and a parallel synclhe about 10 km (range 5 to 20 , . ,. , .  . ,, . - * . .. 

C .  a .  
,. 

>.: . ' , .  1 - '. . . . .  .. . km) to the south trend west-northwest along the outer shelf at least to . ,. , .  . . 
! ' . " '  ' 

. - ? : .  
. ' . .  160. W. long. For most of their length the axis of the anticline and . 

' I  . 
. . - .  . 1 ._' . ,  . . . .  . - - . ; . ..'; . . 

i-. ' . 
! . % .  : :structural terrace lies 0 to 10 km, but in one areaa 20 in landward of the .';- , - -- , 

I - .. 
- 9 .  . - . . 

'. . -. . ,  . . :., 

,. '.continental shelf break. . . . A I . i ' . " .  ' .  ... ' 
- .  , I . . ,. L 

b .  )... / * 
, .. 1 . . I  .. . The continental slope in the western Beaufort Sea is steep (5-10. . \ 

/-------- -* ..--- A -  . - -I-. . - -. i -. 
1 , . . . &  : %  with local steeper slopes) and broken by many large slumps. In places - ' t  I . . - . I . .  . . *C. --..-- '* --- -* . . I -.- .. .- -. , -. _._, __ .. ---A%*.- *I -- - 1 .* -.- 

i .  \ .  . . 
I . . the slumps have stepped the flat outer continental shelf down as much as . . 
I . . 
I . ., 200 m. The upper part of the sedimentary section beneath the shelf crops 

.. - . 
I I' 

i . . . . ,out  in the upper part of the steep slope wherever it is not jmbled in 
i , .I :,, , , 1  

*#.. . , . . t  .;- 
. : ': slumps. . Landward from the shelf break, bedded rocks in the western , . 

2 - ' \. .' . . .. - ' ". . 

Beaufort continental terrace are, in places, br~ken by faults of small 
, 
r . ' .. 
I t 

displaceaent that are predominantly down to the north on profiles run 
I 

I normal to the coast. There appear to be changes in the thickness of some 
. . 
A .. . . .  

. , : r,. . Y  . . 
I . .  . . - . .  i I 

I , ~- . S 
'- 31 - , :  ~;'- .: , . 

. > - \ i 
, . 

r . ., _ . ,  . . . 
. .!. .- . . I . , 

I 
' -;: :,:, :, ' . . - . -  . - * . * ,., 9 
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, . sedirnentaty u n i t s  across  some of  the f a u l t s  (Fig. Is ) ,  which t h u s  may be 

I growth fau l t s .  
k ,/ 

The pos t -~ i ank l in inn (? )  sec t ion  beneath the wectern Beauf o r t  shelf 
/ . . Village from 

thickens r.o&hward from about 0.8 km near ~arrow/and/about . 3 . 5  km near 
? L e e "  ""- Prudhoe Bay, both near t he  crest of t h e  Barrow arch. A t  Barro / thin 

to,.. J &"4' ?! 

. . Neocomian sha le  and th i ck  Albian marine sha le  and p a r a l i c  sandstone rest 

' . unconformably on Franklinian(?) rocks and thicken northward a t  about 

.3$ m/km. Near Pmdhoe Bay some 50-60 rn of Neocomian sha le  on the north 
, , ,  

' , s i de  of the  Barrow arch loca l ly ,  and perhaps regional ly ,  oversteps the - 2 . .  

Ellesmerian sequence t o  rest unconformably on Franklinian(?) rocks. A t  I 
. . . . Bay 
1 ;  , .  . the  Prudhoe/field the  t h i n  Neoconian beds a r e  over la in  by about 1.2 km 

- . <  I 
1 ,  of Upper Cretaceous marine and nonmarine sandstone, sha le  and conglomerate ' . 1 

i ' .  . .  2 
. - - .  . . 

and 1 t o  1 1/2  km of Te r t i a ry  nonmarine sand, gravel,  and silt. The non- e $" 
* . *J  

. marine u n i t s  a r e  thought t o  become increasingly marine, and many of the b.7 - 
, . direct ion.  - -CL----_ -<* 

, . a sandstones appear t o  pinch out  i n  t h a t /  Disconformities underl ie  t he  
. -  . 
, ., :Upper Cretaceous and possibly the Te r t i a ry  u n i t s  a t  PrudhoeBay. . .' .- . trends I 

. . J  , Sonobuoy r e f r ac t ion  p r o f i l e  D-D' (Fig. 16), 1 p a r a l l e l  t o  the 
I .  

) ' .  

. . 
Figure 16 near  here. 

I 

a m d  I 
western Beaufort coas t  about 30 m i l e s  off  ~ h o r e , ~  reveals  an upper un i t  0.5 I 

1 

i 
to  1.2 km th ick  with a Vp of 1.8-2.2 kmlsec. and a lower u n i t  0.8 t o  

1 ; .  one lan th ick with a vp of 2.4-2.9 km/sec. Both u n i t s  a r e  correla ted with - 
' the Ter t ia ry  sect ion i n  t he  Prudhoe Bay wells. The underlying beds have 

t 

a .'selsnic ve loc i t i e s  of 3.1-3.2 bn/sec. on the w e s t ,  and 3.8 km/sec, on the 

east. The former would be appropria te  fo r  t h e  Albian sha les  and sands t h a t  

trend northward beneath the Beaufort she l f  from the Barrow area. The 

. - 
32 

- , ,  

' , ?  : .  
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I " crcatcd uncer ta in t ies  i n  the de l inea t ion  of the fo lds ,  and in pa r t i cu l a r  in 

I .the i d e n t i f i c a t i o n  of the nffshore extension of llarsh Creek an t i c l i ne .  In  

and north  of Camden Bay these fo lds  have f lank  d ips  of as much acJ 
The fo lds  resemble those i n  the Cretaceous rocks i n  the northern Arct ic  

f o o t h i l l s  of the  Brooks Range and, l i k e  them, may be th rus t  folds.  

Hovever, they a r e .  The fo lds  may 

be r e l a t ed  t o  young u p l i f t  and thrus t ing  which created the Romanzof Moun- 

. t a i n s  s a l i e n t  of the  northeastern Brooks Range (Figs. 1 and 3). It is of 
. .*. 

i n t e r e s t  t h a t  where the f o l d s  of t h e  eas te rn  Beaufort Sea reach the con- 
. . ,  

" t i n e n t a l  slope, the  l a t t e r  s lopes  more gent ly  than t o  the  w e s t  and is 
I .  

- domgnnated by sedimentation, r a t h e r  than by erosion. On t h e  cont inenta l  . . .  , 

.. ': *':.slope the  folded beds a r e  being covered by sediment from the  Mackenzie 
, . ,. . " , 

. . .. . . . . 
. . . . .  . . 

. , ;i" - .:, .- 'delta. . . 
.. . . .  - . .  - 

- . .  

South of Camden basin  and Harsh Creek a n t i c l i n e  (Fig. 3) l i e s  a prism 
' .. . ..*. . 

. . .  .. of Cretaceous marine and nonmarine sandstone and sha le  a t  l e a s t  3,700 m 
. . . .. _-A 

.:, thick (Reiser and others ,  1974). The prism ove r l i e s  Ellesmerian rocks and 
* 

,' appears t o  extend i n t o  the offshore  e a s t  of Humphrey Point (142O30' W. 
. . 

. . 
. long.). 

: Outer Shelf Gravity High 
: . . -r+ 

A series of pos i t i ve  f ree-a i r  g rav i ty  anomalies with peak amplitudes 
. . 

:: '. ' y . :  .exceeding 100 rngals occur along the ou te r  shelf  and upper s lope of the  
s -. . . . 

. Beaufort Sea from north of Banks Island on the e a s t  t o  161' W. long. on 

. the  west (Wold and others ,  1970). According t o  Chiburis and Dehlinger . . 
coincides with 

(1974) the b e l t  of pos i t ive  anomalies / the upper cont inental  s lope 
,. .. . . 

' .  . .  i n  the eastern Beaufort Sea and the ou te r  shelf  i n  the c e n t r a l  and western 



i 
1 .  

.. .. I. ,. . - .  . . .. 
c '-, '.. 1 . , . .  

1 "  '., B,?aufort Sea. our data verify the presence of ths positive outer shelf 
1 
I L-P$ 
1 anomaly as tar as 159. V;,..and possibly as far as 163' W. long. and 
I anomaly 

saggest tlm t pcaklampli tudes become lover to the west . 
Wold and others (1970) ascribe the anomaly to thinning of the crust 

at the edge of the continent plus a ridge in the basement near the 200-01 

Zsobath. Weber (1963). Barnes (1969), and Sobczak (1974) ascribe it to an 
beneath 

uncompensated wedge of young sedimentary rocks / the outer shelf and 

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

. that it corresponds closely in position to the outer shelf structural ' 

terrace and anticline shown by our seismic reflection profiles in the 

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

.Wold and others (ibid,) . ,. L. 

. . 
. . 
;- , . - . - 

Configuration of Prospective (Acoustic) Basement 
-t - ./-. 

Form lines on basement for oil and gas exploration (prospective bas& * 
. -  

- .  mnt) on the North Slope and Chukchi-Beaufort continental -. terrace are 

presented in Figure 17. Pranklinian(?) rocks are thought to constitute 

. . 
. Figure 17 near here. 

~ .. . .. 
beneath . . 

.. . both prospective basement and acoustic basement / the North Slope. Tine 
. . 

form-fine map and a generalized structure section along 168. W. long. in .. . 
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F i r v  1. Ceographic'nnd , tectonic  s e t t i n g  of the Alaskan continental  
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terrace i n  t h e  Chukchl and Beaufort Seas. CB-Camden Bay; 
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. a(-Cape Halkett ;  CL-Cape Lisburne; CR-Canning River; HB- 
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. .. Harrison Bay; LH-Lisburne H i l l s ;  LP-Lisburne Peninsula; 
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WPrudhoe Bay; PH-Point Hope; PL-Polnt Lay; RM-Romanzof . ,.:. . . 
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2. Map sharing locat ion of the single-channel seismic r e f l ec t ion  
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repert is based. Reports containing the basic  da ta  are cited 
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3. Generalized geologic map of the  North slope of Alaska and the 

Alaskan cont inental  t e r race  i n  the  Chukchi and Beaufort Seas. 
. . 5 .  . . 

UfZ-Yrangel f a u l t  zone; HFZ-Herald f a u l t  zone; LU-Kotzebue 
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schematic s t r a t i g raph ic  diagram and cross  sect ion of the  
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4. Scbo~mtic s t r a t i g raph ic  diagram and cross  sect ion of the  North 

SIopc of Alaska showing the pr inc ipa l  st r a t  i graphic sequences . . 
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* Figure  5 .  Map showing lot-ation of seismic refract icm profiles A-A' 

(Fig. 6), R-B' (~ig. a), C-C' (Fig. 91,  D-D' (Fig. 16) and 
- 

. 
I 
i 

seismic reflection profiles V-V' (Fig. 7), W-W' (Fig. lo), ? 

X-X* (Fig. 11). Y-Y' (Fig. 12) and 2-2' (Fig. 15). H desig- I 
I 

nates the long reversed refraction profile reported by . . i ., I 

- .  . . 
Hunkins (1966); M designates the unreversed refraction 

. . - . -  
. . . - . . 

.., . 
profile reported by Milne (1966). 

I 

1 

I I . . 6. North-south sonobuoy refraction profile A-A' across the Bope 

basin near 168" W. long. (see Fig. 5 for .location). Compare 

with the northeast-southwest seismic reflection profile V-V' 

across the Bope basin shown in Figure 7. The dashed line in 

. , unit C shows an alternative position for the wedge-out of 
i 

* 
.' ~ 

.. . that unit between units B and D. Unit A is tentatively ' ~ 4  - 

inferred to consist of Neogene marine and nonmarine clastic 

j . ? :  , rocks; unit B of Paleogene nonmarine clastic rocks, and unit C . . - -  .'. - .  
. . - .  . 

1 -  .- of Upper Cretaceous andfor Paleogene nonmarine clastic rocks. 

Unit D, acoustic basement, consists of Lower Cretaceous and 
D 

' I .::' 
older rocks of the Brooks Range orogen. 

t 7. Northeast-southwest continuous seismic reflection profile V-V' 
? 

1 1  across eastern Hope basin (see Ftg. 5 for location). Units 1, 
i . . 
i 2, 3 and 4 correspond approximately to units A, B, C and D of S 

. . sonobuoy profile A-A' (Fig. 6). . . . . ! , '.':. 

. . 

t 8. North-south sonobuoy refraction profile B-B' from Herald arch 
; 

i t o  North Chukchi basin near 168' W. long. (see Fig. 5 for 

! 
location). Unit A is tentatively inferred to cmaist of 

Tertiary clastic rocks; unit B of mid-Cretaceous claetic 
i .  

t 
iZ 
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1 

th t  resemblance of minor s t r u c t u r a l  fea tures  i n  its 8eiSmic 1 

p r o i i l e  t o  those i n  the  oblique p ro f i l e s  across the  d i ap i r  

a t  73' N. la t . .  163. W. long. Note the  sag i n  the beds t o  4 
4 
4 

t he  south of the  d i a p i r  i n  the  upper l e f t  p ro f i l e ,  which 

may ind ica te  t h a t  a rim syncline may border the  south s ide  

, of the  d i a p i r  a t  73' N. l a t . ,  163' W. long. . .  
Figure 14. Sonobuoy r e f r ac t i on  p r o f i l e  across the  d i a p l r  a t  73' N. l a t .  , 1 

1 
163' W. long. Hypothetical r e f r ac t i on  a r r i v a l s  f o r  salt and 

werpressured sha le  from the shallow d i ap i r  have been added 

t o  t he  ac tua l  field-recorded prof i le .  The ea r ly  r e f r ac to r s  
ve loc i ty  

of the  ac tua l  p r o f i l e  l i e  a t  the  lower end of thelrange of 

i 
werpressured sha le  on the  Gulf Coasq and a r e  much lower than 

i 
I 

. . .  
eeismtc v e l o c i t i e e  i n  s a l t  domes. . -:. . , ' i 

15. North-south continuous seismic r e f l ec t i on  p r o f i l e  2-2' from I 

i 

, . the Barrow arch near Point Barrow to  the cont inental  s lope I 
. . .  

(see Fig. 5 f o r  locat ion) .  
i n  the Beaufort sea/ Unit 1 is infe r red  t o  c&sist of 

- ! 
- :  

Tert iary  c l a s t i c  rocks; uni t  2 of Cretaceous martne c l a a t i c  

rocks t h a t  a r e  a t  l e a s t  largely  of u b i &  age; and u n i t  3 

of Pranklinian(?) rocks i n  acoust ic  basement. Note the  very 

lou amplitude outer  shelf  an t ic l ine-s t ruc tura l  terrace.  

possible  growth f a u l t s  on the  outer  she l f ,  channeling and . . 

slumping within  u n i t  1, and slumping on the  ateep upper con- 

t i n e n t a l  slope. 

16. East-west sonobuoy re f rac t lo*  p r o f i l e  bD' on the  western 

. &aufort  eonti;lental she:f (see Fig. 5 f o r  location).  Units . . 

. . 

. . . .. . . .  - .. " . . . . 
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.. A dnJ R. ;ML+ correlated wit11 tl~r Sagavn~~lrktok Formation (Ter- 
1 

ttary)'of t.he Canden basin and u t ~ i t s  C and D with Cretaceous 

I 
, 

a y apparent 
rocks of the Colville geosyneline. ~ h r / s a ~  in the refractors 

I 
near the west end of the profile is an artifact resulting 

from the position OL the sonobuoy in the sag farther down i 
. . - - i 

dip than its neighbors. I 4 
Figure 17. Majo; tectonic features and sedimentary basins of the North 1 

Slope &nd the Alaskan continental terrace in the Chukchi and Beaufort 
< 

. .. 
< . .. 

Seas* The gross structure is outlined by form lines on 
1 
1 . . 

acoustic basement, which in general is also basement for i 

. " I  -. . . 
_.. petroleum exploration. Line A-A' locates the diagrslrmatic . . I 

..% \. 
. .-.. cross section presented in Figure 18. 

.I '. . >  . l . .. . 
: : I 

. . 
18. Diagrammatic north-south cross section of the continental 

. , 

. , . . 

i terrace in the Chukchi Sea along 168' W. long. (see Fig. 17 

for location). The intrusive feature in Tertiary rock8 north . a : .  
I _ 

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