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INTRODUCTION 

Between August 1 and August 21, 1982, marine geologic  i nves t i ga t i ons  were 
conducted on the  i nne r  shel f o f  t h e  nor theast  Chukchi Sea from onboard the  R / V  
Karluk. This  r e p o r t  sumnari zes t h e  r e s u l t s  o f  t h e  reconnaissance 
i n v e s t i g a t i o n  o f  t h e  Chukchi Sea s h e l f  from 14 km no r th  o f  Pt. Barrow (71" 
2 9 ' )  south t o  Sku l l  C l i f f  (71' 08'), ( f i g u r e  1). The purpose o f  t h i s  study i s  
t o  i d e n t i f y  marine geologic  hazards and l oca te  p o t e n t i a l  sand and gravel 
depos i ts  on t h e  i nne r  shel f of t h e  Chukchi Sea. 

The study area i s  bordered t o  the  nor theast  by t h e  Beaufor t  Sea shelf .  A 
narrow b a r r i e r  i s l a n d  extends from P t .  Barrow southwest 7 km t o  where t h e  
b a r r i e r  cha in  attaches t o  t h e  coasta l  p l a i n  n o r t h  o f  t h e  town o f  Barrow. The 
coasta l  reg ion  south o f  t h e  b a r r i e r  i s l a n d  conta ins  low re1 i e f  south t o  
Barrow. Steep c l i f f s  f r o n t  t h e  sea south o f  t h e  town o f  Barrow. The c l i f f s  
extend t o  t h e  south t o  t h e  eas t  end o f  Peard Bay and r i s e  t o  a maximum he igh t  
o f  18 m (Harper, 1978). 

Cretaceous bedrock i s  exposed a t  t h e  base o f  t h e  sea c l i f f  from about 71' 
10'  south t o  Sku l l  C l i f f  (Hanna, 1954). The o ldes t  bedrock cons i s t s  of 
Cretaceous sandstones, s i l t s t o n e s  and mudstones o f  t h e  Torok Formation 
over1 a i n  by sandstones, s i l  t s tones  and mudstones of t h e  Nanushuk Group (Grantz 
and others,  1982). Unconfonably ove r l y i ng  the  Cretaceous s t r a t a  i s  t h e  
Quaternary Gubic Formation o f  Black (1964). The Barrow u n i t  o f  t h e  Gubic 
F o n a t i o n  i s  exposed w i t h i n  t h e  sea c l i f f s .  The u n i t  cons i s t s  o f  c lay ,  s i l t ,  
sand and gravel  ; i c e  l o c a l l y  c o n s t i t u t e s  more than h a l f  t h e  volume o f  t h e  
Barrow u n i t  (Bl  ack , 1964). The Cretaceous bedrock and the  o v e r l y i n g  Gubic 
Formation extends of fshore.  The west t o  northwest t rend ing  Barrow Arch forms 
t h e  major bedrock s t r u c t u r e  i n  t h e  nor thern  p a r t  o f  t h e  study area. 

One hundred f o u r  km o f  subbottom p r o f i l e s  and 146 km of side-scan sonar 
records were c o l  l e c t e d  du r ing  t h i s  i n v e s t i g a t i o n  ( f i g u r e  2). 

The pack i c e  was loca ted over  30 km n o r t h  o f  Pt, Barrow du r ing  t h i s  study 
moving south t o  t h e  v i c i n i t y  of  Barrow on t h e  21 o f  Augusto Pe rs i s ten t  west 
t o  nor thwest-d i rected storms and accompanying s t rong winds dominated i n  t h e  
Chukchi Sea du r ing  t h e  study period. 

BATH YMETR Y 

The nor theast  t rend ing  Barrow Sea Va l l ey  ~ a r a l  l e l s  t h e  shore and i s  
i n c i s e d  i n t o  t h e  Chukchi Sea shel f .  A p la t fo rm extends from t h e  beach t o  
water depths o f  12 t o  14 m from Pt. Barrow south t o  t h e  end o f  l i n e  11 ( f i g u r e  
2 ) .  The shal low p la t fo rm i s  3 km wide o f f  of P t .  Barrow r a p i d l y  narrowing t o  
l e s s  than one km a t  Barrow ( f i g u r e  3). Seaward o f  t h e  break i n  slope o f f  P t .  
Barrow, a t  depths o f  30 t o  32 m, t h e  sea f l o o r  s lope r a p i d l y  increases. 
Seismic p r o f i l e s  i n d i c a t e  t h a t  bedrock outcrops on the  steep slopes o f  t h e  sea 
f l oo r .  Two d iscont inous nor theas t - t rend ing  l i n e a r  r i dges  r i s e  above t h e  sea ,. f l o o r  a t  approximate depths o f  44 m and 56 m. The deeper r i d g e  zone i s  we1 1 
developed conta in ing  up t o  6 m o f  re1  i e f  ( f i g u r e  3). Northeast o f  Pt. Barrow 
t h e  sea f l o o r  g radua l ly  s lopes toward t h e  nor theast  on t h e  Beaufor t  Sea shel f. 



F i g u r e  1. L o c a t i o n  o f  n e a r s h o r e  s h e l f  i n v e s t i g a t e d  d u r i n g  1982 
i n  t h e  n o r t h e a s t  C h u k c h i  Sea b e t w e e n  P t .  B a r r o w  and S k u l l  C l i f f .  
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CURRENTS 

The nor theast  f l ow ing  water o f  t h e  Alaskan Coastal Current i s  compressed 
aga ins t  t h e  east s i d e  o f  the Barrow Sea Val l e y  (Aagaard and Coachman, 1964). 
The cu r ren t  can range up t o  37 km i n  width, narrowing d i r e c t l y  n o r t h  of Pt. 
Barrow. Surface v e l o c i t i e s  o f  up t o  100 cm/sec are  repor ted w i t h i n  the  Alaska 
Coastal Current (Paquette and Bourke, 1974, Hufford, 1977). Bottom vel  oc i  t i e s  
o f  80 cmlsec were repor ted  d i r e c t l y  o f f  Barrow a t  38 m depth (Shmway and 
Beagles, 1959). Huf ford (1977) repo r t s  a r e t u r n i n g  southwest-directed c u r r e n t  
w i t h  sur face v e l o c i t i e s  up t o  130 cm/sec west o f  t h e  Alaska Coastal Current 
o f f  Sku l l  C l i f f .  Nor th o f  P t .  Barrow clockwise r o t a t i n g  cu r ren ts  have been 
i d e n t i f i e d  which may r e f l e c t  t h e  i n t e r a c t i o n  o f  t h e  n o r t h  f l ow ing  A1 aska 
Coastal Current and t h e  west f l ow ing  cu r ren ts  o f  the Beaufort  gyre (Solomon 
and Ah1 nas, 1980). 

Asymmetrical sandwaves a l so  d e f i n e  the  d i r e c t i o n  o f  bottom currents.  
Sandwaves have been i d e n t i  f i e d  d i r e c t l y  n o r t h  o f  P t .  Barrow where nor theast-  
m i g r a t i n g  bedfoms a r e  found near t h e  slope break i n t o  t h e  Barrow Sea 
Valley. The bedforms change o r i e n t a t i o n  becoming eastward-directed sandwaves 
t o  t h e  east  on t h e  Beaufor t  shel f .  Eastward coasta l  f l ow  i n  t h e  Beaufort Sea 
i n  t h e  summer has a1 so been i d e n t i f i e d  by Hufford (1973) and Paquette and 
Bourke (1974). The eastward-directed sandwaves may r e f l e c t  t h e  eastward 
sediment t ranspor t  by t h e  coasta l  cu r ren t  ( f i g u r e  4). 

Evidence f o r  nearshore northward moving cu r ren ts  and sediment t ranspor t  
i s  a lso  i nd i ca ted  by t h e  b u i l d i n g  t o  t h e  n o r t h  o f  t h e  sand-gravel b a r r i e r  
i s 1  and forming P t .  Barrow (Hume and others, 1972, Rex, 1964). 

GEOLOGY 

The A1 aska Coastal Current  has eroded t h e  Quaternary sediment exposing 
bedrock on t h e  sea f l o o r .  Cretaceous s t r a t a  outcrop on t h e  sea f l o o r  a t  
depths genera l l y  g rea ter  than 24  m, Moore (1964) repo r t s  t h a t  g e n t l e  d ipp ing  
bedrock i s  a l so  exposed on t h e  sea f l o o r  a t  deeper depths w i t h i n  t h e  Barrow 
Sea Val l e y  o f f  Barrow. A t h i n  Quaternary sediment cover, l e s s  than one meter 
i n  thickness, may surround t h e  bedrock outcrops ( f i g u r e  5). A t  depths between 
42 and 56 m (1 i n e  7, 1981, f i g u r e  2) t h e  Quaternary sediment l o c a l l y  th ickens 
t o  8 t o  10 m on two apparent l i n e a r  (nor theast  t rend ing)  r i dges  ( f i g u r e  3). 
Apparent northward d ipp ing  Cretaceous s t r a t a  a r e  i d e n t i  f i e d  throughout t h e  
study area i n  t h e  subbottom p r o f i l e s .  

High angle reverse f a u l t s  w i t h  displacements of a few meters a re  
i d e n t i f i e d  w i t h i n  t h e  Cretaceous s t r a t a  ( f i g u r e  6). Faul ts  w i t h i n  t h e  
Quaternary sec t i on  have n o t  been i d e n t i f i e d  suggesting t h e  f a u l t i n g  i s  o l d e r  
than t h e  Quaternary sediments and i s  probably r e l a t e d  t o  f o l d i n g  o f  t h e  
Cretaceous s t ra ta .  

An apparent s l i g h t l y  northward d ipp ing  f l a t  e ros iona l  sur face t runcates  
t h e  under ly ing  Cretaceous s t ra ta .  Quaternary sediment, probably t h e  Gubic 
Formation, o v e r l i e s  t h e  eros iona l  surface. The Quaternary s t r a t a  th icken 
toward land ob ta in ing  a maximum th ickness  of 15 m a t  7 m water depth ( l i n e  
l l ) ,  ( f i g u r e s  7 and 8) .  An isopach map o f  t h e  southern p a r t  o f  t h e  study area 
shows t h e  landward th i cken ing  o f  t h e  Quaternary sediment ( f i g u r e  9). A 
paleochannel, con ta in ing  up t o  11 rn o f  f i l l ,  c u t s  i n t o  t h e  Cretaceous s t ra ta ,  
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F i g u r e  7 .  H i g h - r e s o l u t i o n  s e i s m i c  p r o f i l e  southwest  o f  Bar row ( s e e  f l g u r e  9 f o r  l o c a t i o n  
o f  p r o f i l e ) .  G e n t l e  n o r t h w a r d  d i p p i n g  C r e t a c e o u s  s t r a t a  o u t c r o p  on t h e  sea f l o o r .  The 
Q u a t e r n a r y  s e d i m e n t  forms a t h i n  v e n e e r ,  l e s s  t h a n  1 m t h i c k ,  o v e r  t h e  C r e t a c e o u s  s t r a t a  
t h i c k e n f n g  as  t h e  d e p t h  d e c r e a s e s  t o w a r d  l a n d  ( t o  t h e  r i g h t ) .  

1 
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F i g u r e  9.  I s o p a c h  map o f  Q u a t e r n a r y  s e d i m e n t  i n  t h e  s o u t h e r n  
p a r t  o f  t h e  s t u d y  a r e a .  The Q u a t e r n a r y  s e d i m e n t  i n c r e a s e s  i n  
t h i c k n e s s  t o w a r d  l a n d  o b t a i n i n g  a t  l e a s t  1 5  m o f  s e d i m e n t  
t h i c k n e s s  1 k i l o m e t e r  f rom s h o r e .  I n  t h e  o f f s h o r e  r e g i o n s ,  

/ C' g e n e r a l l y  b e l o w  d e p t h s  o f  28 t o  3 2  m b e d r o c k  o u t c r o p s  o n  t h e  s e a  
f l o o r .  A p a l e o c h a n n e l ,  w i t h  fill t o  11 m, i s  l o c a t e d  d i r e c t l y  
s e a w a r d  o f  W a l a k p a  Bay. 



west o f  Walakpa Bay ( f i g u r e  9) .  

Nor th  o f  Pt. Barrow a t  10  m water depth a t  1 east 20 m o f  Quaternary 
sediment over1 i e s  bedrock, however, a t h i c k e r  Quaternary sec t i on  may ex i  s t .  
The Cretaceous s t r a t a  a r e  i d e n t i f i e d  below depths o f  approximately 42 t o  45 m 
d i r e c t l y  n o r t h  o f  Pt. Barrow where t h e  sea f l o o r  slope increases i n t o  t h e  
Barrow Sea Val ley. This  suggests a th ickness o f  20 t o  32 m f o r  t h e  ove r l y i ng  
Quaternary sediments on t h e  nearshore s h e l f  d i r e c t l y  n o r t h  o f  P t  Barrow. 

The youngest sediment, o f  Holocene age, comprise t h e  sands and grave ls  o f  
t h e  b a r r i e r  i s l a n d  t h a t  forms P t .  Barrow. 

SURFIC IAL SEDIMENT 

The o f f sho re  s u r f i c i a l  sediment i s  composed o f  ma te r i a l  reworked from t h e  
Gubic Formation and range from gravel and sand nearshore t o  dominately s i l t  
o f fshore.  A seaward f i n i n g  t e x t u r e  i s  repor ted o f f  Barrow from d i v i n g  
observations. Nearshore coarse sand and gravel  i s  found from the  beach ou t  t o  
5 m depth changing t o  s i l t y  sand w i t h  scat tered pebbles a t  9 m depth on t h e  
shal low s h e l f  platform, S i l t  occurs a t  21 rn depth and s i l t  w i t h  cobbles a t  38 
m depth (Shumway and Beagles, 1959). Two cores obtained n o r t h  of Barrow, one 
on the  shal low p l a t f o r m  a t  a depth l e s s  than 10 m and one a t  an approximate 
depth o f  30 m, bo th  conta ined 2 t o  5 f e e t  o f  s o f t  grey s i l t  ove r l y i ng  
compacted s i l t  (Rex, 1964). The presence o f  b e d f o m  f i e l d s  n o r t h  o f  P t .  
Barrow and smal l-scale r i p p l e s  near t h e  edge o f  t h e  shal low p la t fo rm a l so  
conf irms t h e  presence of sand s i z e  sediment on t h e  shelf .  The st rong 
nor thward- f l  owing coasta l  cu r ren ts  would be expected t o  t ranspor t  t h e  sand- 
s i z e  f r a c t i o n  t o  t h e  n o r t h  i n t o  t h e  Barrow Sea Va l ley  as w e l l  as erode 
sediment. 

Extensive b i o l o g i c a l  communities a r e  a1 so i d e n t i f i e d  w i t h i n  t h e  nearshore 
reg ion  n o r t h  o f  Barrow and c o n s i s t  o f  abundant pelcypods and brown algae 
( ke lp )  . As many as 400 p e l  cypods per  square meter were counted on t h e  s h a l l  ow 
shel f n o r t h  o f  Barrow (Shumway and Beagles, 1959). Kelp was associated w i t h  
t h e  pelcypods and was at tached t o  t h e  gravel. The composit ion and ex ten t  o f  
t h e  b i o l o g i c a l  communities i s  no t  known f o r  t h i s  region. 

ICE GOUGING 

Movement of i c e  by wind, cu r ren ts  and pack i c e  pressures r e s u l t s  i n  i c e  
groundings on t h e  sea f l o o r  which d i s r u p t s  t h e  s u r f i c a l  sediments fonning i c e  
gouges. I c e  gouging along t h i s  p a r t  o f  t h e  Chukchi Sea coast i s  l o c a l l y  
in tense w i t h  an apparent gouge zonat ion based on water depth, cu r ren ts  and 
pressure r i d g e  groundings. 

I c e  gouges a r e  i d e n t i f i e d  t o  a t  l e a s t  a depth o f  52 m on t h e  deepest 
nor theast  t rend ing  r i d g e  l oca ted  northwest o f  Barrow ( f i g u r e  3). A bottom 
p r o f i l e  northwest o f  Pt. Barrow, i n t o  the  Barrow Sea Val ley, docunents t h e  
zone o f  maximum i c e  gouge i n t e n s i t y  as we l l  as  t h e  zone o f  maximum i c e  gouge 
i n c i s i o n  ( f i g u r e  10). In tense i c e  gouging i s  found t o  depths o f  28 t o  30 m 

C '  

conf i rming t h e  prev ious observat ions o f  Rex (1964) who r e p o r t s  a s i m i l a r  depth 
/ f o r  t h e  h igh  dens i t y  o f  i c e  gouging i n  t he  nearshore shel f near Barrow. The 

r a p i d  reduc t ion  i n  i c e  gouge abundance and reduct ion  i n  i n c i s i o n  depth below 
water depths o f  30 m i s  probably r e l a t e d  t o  t h e  subs t ra te  on which t h e  i c e  
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grounded. Be1 w depths o f  30 m t h e  Quaternary sediment cover i s  t h i n  o r  
l a c k i n g  and Cretaceous bedrock i s  exposed; above depths o f  30 m Quaternary 
sediments a r e  r e a d i l y  gouged. 

The i c e  gouged t e r r a i n  a l so  records a depth c o n t r o l  on t h e  i c e  gouge 
i n c i s i o n  depth i n t o  t h e  sea f l o o r .  Above depths o f  10 m on the -p la t fo rm west 
o f  Barrow t o  Pt. Barrow t h e  maximum i c e  gouge i n c i s i o n  depth i s  20 cm; 
nor theast  o f  Pt .  Barrow t h e  20 cm i n c i s i o n  depth contour extends t o  depths of  
approximately 11 m ( f i g u r e  11). Seaward o f  t h e  10 m contour t h e  i c e  gouge 
i n c i  s i on  depth increases t o  a maximum o f  1.7 m. Rex (1964) , 1 S kewi se, repo r t s  
t h e  maximum i c e  gouge r e l i e f  o f  12 f e e t  (3.6 m) between 6.1 m and 30 m depth 
i n  t h i s  region. Below approximately 30 m depth t h e  i c e  gouge i n c i s i o n  depth 
decreases. 

A1 ong t h e  nor theas t  slope o f  t h e  Barrow Sea Va l ley  o f f  Barrow t h e  i c e  
gouges a l so  e x h i b i t  a depth r e l a t e d  zonat lon based on t h e  gouge o r i en ta t i on .  
Below depths of approximately 12 m mu1 t i p 1  e i c e  gouges p a r a l l e l  t he  isobaths 
( f i g u r e  12). This suggests t h a t  t h e  northward f l ow ing  A1 aska Coastal Current 
t ranspor t s  t h e  deep d r a f t  i c e  p a r a l l e l  t o  t h e  s lope r e s u l t i n g  i n  i c e  gougings 
w i t h  a northeast-southwest o r i en ta t i on .  Near t h e  c r e s t  o f  t h e  break i n  s lope 
from the  shallow nearshore p la t fo rm t o  t h e  Barrow Sea Va l ley  between depths o f  
9 t o  12 m t h e  i c e  gouges con ta in  va r ied  o r i e n t a t i o n  w i t h  gouge t rends  ranging 
from northwest-southeast t o  northeast-sout hwest ( f i g u r e  13). The two major 
t rends i n  i c e  gouging s t i l l  r e f l e c t  i c e  moving p a r a l l e l  t o  t h e  i soba th  
(northeast-southwest t rend)  and a l so  i c e  moving d i r e c t l y  onshore (northwest- 
southeast t rend) .  A t  shal lower depths on t h e  nearshore p l a t f o r m  t h e  i c e  gouge 
i n c i s i o n s  a r e  shal low (1 ess than 30 cm) , narrow and show some v a r a b i l i t y  i n  
o r i e n t a t i o n  ( f i g u r e  14). Most o f  t h e  shal low gouges a l so  appear t o  be formed 
from i c e  moving onshore o r  para1 l e l  t o  shore. North o f  Pt. Barrow on the  
shal low s h e l f  p la t fo rm t h e  i c e  gouges a re  o r i en ted  main ly  p a r a l l e l  t o  shore. 

The i c e  gouges a r e  a1 so mod i f ied  i n  shape and a re  f i l l e d  w i t h  sediment 
t ranspor ted  by t h e  northward f l ow ing  A1 aska Coastal Current. The mu1 ti p l  e i c e  
gouge i n c i s i o n s  1 ocated d i r e c t l y  o f f  Barrow con ta in  abundant smal l-scal e 
bedforms w i t h i n  t h e  gouges and on t h e  surrounding sea f l o o r  ( f i g u r e  15).  
Likewise, nor theast  o f  P t .  Barrow, b e d f o n  f i e l d s  a r e  i d e n t i f i e d  w i t h i n  t h e  
i c e  gouge t e r r a i n  ( f i g u r e  16). The m ig ra t i ng  bedfoms would be capable o f  
f i l l  i n g  i n  t h e  gouge t races  bu t  t h e  r a t e  o f  f i l l  i n g  and t h e  y e a r l y  r a t e  o f  i c e  
gouging i s  unknown f o r  t h i s  region. 

CONCLUSIONS 

1. The of fshore coasta l  reg ion  between t h e  nor thern  p a r t  of Sku l l  C l i f f  
and Pt. Barrow conta ins  a t h i n  Quaternary sediment cover i n  t h e  o f f sho re  
regions th i cken ing  toward l and  and o v e r l i e s  northward d ipp ing  Cretaceous 
s t ra ta .  The Cretaceous s t r a t a  ou tc rop  on t h e  sea f l o o r  genera l l y  below depths 
o f  24 t o  32 m. 

2. A narrow she1 f platform, vary ing  i n  w id th  f o r  one k i l  m e t e r  t o  3 
ki lometers,  extends from t h e  beach seaward t o  depths o f  approximately 12 m. 

, . Seaward o f  t h e  12 m contour t h e  sea f l o o r  slope r a p i d l y  increases i n t o  t h e  
Barrow Sea Valley. 

3. I c e  gouges a r e  i d e n t i f i e d  t o  52 rn depth on l i n e a r ,  nor theast  t rend ing  



F i g u r e  11. Map o f  i c e  g o u g e  i n c i s i o n  d e p t h  f o r  t h e  s h a l l o w  
n e a r s h o r e  s h e l f  r e g i o n s  o f  t h e  n o r t h e a s t  C h u k c h i  Sea n e a r  B a r r o w ,  
A1 a s k a .  The maximum i c e  gouge  i n c i s i o n  d e p t h  and z o n e  o f  i n t e n s e  
i c e  g o u g i n g  o c c u r s  b e t w e e n  t h e  1 0  m  and t h e  30 m  c o n t o u r s  on  t h e  
s l o p e  i n t o  t h e  B a r r o w  Sea V a l l e y .  B e l o w  30  m d e p t h  t h e  i c e  gouge  
i n c i s i o n  d e p t h  g e n e r a l l y  d e c r e a s e s  p r o b a b l y  d u e  t o  t h i n  
Q u a t e r n a r y  s e d i m e n t  c o v e r  and t h e  p r e s e n c e  o f  e x p o s e d  b e d r o c k .  
The l e t t e r e d  s e c t i o n s  a r e  p r o f i l e  l o c a t i o n s  f o r  o t h e r  f i g u r e s .  
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r i dges  w i t h i n  the  Barrow Sea Valley. M u l t i p l e  i c e  gouge inc i s ions ,  as deep as 
1.7 m, occur between depths o f  approximately 12 t o  30 m; above 12 m depth t h e  
maximum i c e  gouge i n c i s i o n  depth i s  l e s s  than 30 cm. 

4. The i c e  gouges para1 1 e l  t h e  isobaths be1 ow depths o f  12 m suggest ing 
t h a t  t h e  A1 aska Coastal Current i s  moving t h e  deep d r a f t  ice, Above depths o f  
12 m t h e  i c e  gouge o r i e n t a t i o n  f s v a r i a b l e  probably caused by bo th  pack i c e  
movement as we l l  as eastward-directed storms moving i n d i v i d u a l  i c e  fragments. 
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