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INTRODUCTION 

Geologic processes on h i  gh 1 a t  i tude she1 f s  a re  poo r l y  understood because 
o f  t h e  harsh environment, sea ice ,  and t h e  l i m i t e d  number of prev ious 
studies. Studies o f  t h e  h igh  l a t i t u d e  s h e l f  environment o f  t h e  Chukchi Sea 
were i n i t i a t e d  t o  p rov ide  t h e  Government and t h e  p u b l i c  w i t h  adequate 
knowledge t o  s a f e l y  lease o f f sho re  lands. This repo r t  presents p r e l  i m i  nary 
f i n d i n g s  f rom a study o f  t h e  geologic  env i  ronment of t h e  Chukchi Sea f rom 
Po in t  Hope n o r t h  t o  71° 38' and t o  t h e  convent ion l i n e  on t h e  western p a r t  o f  
t h e  she l f  and t o  t h e  v i c i n i t y  of Po in t  Frank1 i n  on t h e  eastern s h e l f  ( f i g u r e  
1) . 

Data were gathered f rom t h e  NOAA sh ip  SURVEYOR f rom August 26 t o  - 
September 17, 1984. H i  gh- reso lu t i  on seismic p r o f i  les ,  bathymet r y  and s i  de- 
scan sonar surveys were c o l l e c t e d  a long approximately 2440 km o f  t r a c k l i n e  
( f i g u r e s  2 and 3). Fo r t y  box cores, 4 dredge samples and 2 g r a v i t y  cores were 
a l s o  obta ined ( f i g u r e s  4 and 5). Bottom d r i f t e r s  were deployed a t  8 s i t es .  
Dur ing  p a r t  o f  t h e  study bad weather and i c e  hampered our  research. Short 
p e r i o d  h igh  nor theast  storm waves se r ious l y  i n t e r f e r r e d  w i t h  t h e  seismic and 
side-scanning sonar records and caused t h e  te rm ina t i on  of some l i n e s  on t h e  
ou te r  and i n n e r  she l f .  However, du r ing  per iods o f  h igh  wind and waves t h e  
nearshore areas pro tec ted  by t h e  capes al lowed us t o  cont inue our 
i nves t i ga t i ons .  Pack i c e  cond i t i ons  a l s o  l i m i t e d  i n v e s t i g a t i o n s  n o r t h  of 71 
degrees i n  t h e  eastern p a r t  o f  t h e  study area. The pack i c e  f r o n t  was 
approximately 5 t o  7 m i l es  northwest of Po in t  F r a n k l i n  when s tud ies  were 
s t a r t e d  ( f i g u r e  6). 

The ob jec t i ves  o f  t h e  s c i e n t i f i c  program inc lude  t h e  fo l l ow ing :  ( A )  
determine t h e  loca t ion ,  dens i ty  and depth o f  modern sea f l o o r  i c e  gouging, (B)  
observe recent  changes i n  bathymetry and sea bed morphology and determine 
t h e i r  o r i g i n s ,  ( C )  o b t a i n  seismic p r o f i l e s  o f  t h e  modern sediment cover and of 
bedrock t o  determine t h e  h i s t o r y  o f  i c e  gouging, and (D) i d e n t i f y  p o t e n t i a l  
sand and gravel  resources. 

METHODS 

On t h e  c r u i s e  we obta ined analog recordings of side-scan sonar, 3.5 khz 
sub-bottom p r o f i l e r ,  h igh - reso lu t i on  seismic, and 12 khz and 3.5 khz 
bathymetry. A 100 khz and 500 khz side-scan f i s h  towed approximately f i f t e e n  
meters above t h e  sea-bed was used as t h e  source f o r  t h e  sonar data. The s ide-  
scanning f i s h  a l so  conta ins a 500 khz m i c r o p r o f i l e r  and a a 3.5 khz sub-bottom 
p r o f i  l e r  f o r  v iewing expanded sea - f l oo r  re1  i e f  and shal low sub-bottom 
s t ra t ig raphy.  Under optimum cond i t i ons  subsurf  ace r e f l e c t i o n s  were ob ta i  ned 
t o  depths o f  15 meters below t h e  sea-f loor .  An ORE geopulse sub-bottom 
p r o f i l e r  was used a t  100, 105, and 175 j ou les  o f  power w i t h  a s i n g l e  channel, 
25 element hydrophone. Under optimum cond i t ions  sub-bottom pene t ra t i on  was 
obta ined t o  150 meters. Bathymetry was obta ined w i t h  12 Khz h u l l  -mounted 
t ransducer  source. 

The sea f l o o r  was sampled w i t h  a 60x31~22 cm box core, a 3 meter g r a v i t y  
core  (8 cm d i  ameter), and a p ipe  dredge. 

Nav iga t ion  f o r  t rack1 i nes and sample s i t e s  cons is ted  of Sate1 li t e  
Navigation, us ing  a Magnavox Omega system, a Del Norte UHF transponder system 



Figure 1. Location o f  study area i n  the northeastern Chukchi Sea. 
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F i  gure 2, Track 1 i ne locations i n  outer par t  o f  study area. See f igure  3 for t rack 1 i ne 
numbers i n  the  nearshore region. 
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Figure 4. Sediment samples locat ions i n  the  outer par t  o f  t h e  study area. See f igure  5 f o r  
sample numbers i n  the  nearshore region.  







and deduced reckoning. 

BATHYMETRY 

Much of t h e  Chukchi Sea f l o o r  i s  r e l a t i v e l y  f l a t  and shal low w i t h  depths 
averaging between 40 and 50 m. Local ly, enclosed depressions and sca t te red  
h ighs have as much as 5 m o f  re1 i e f  ( f i g u r e  7). Two areas con ta in  bathymetr ic  
h ighs;  Blossom Shoals o f f  Icy Cape, where m i g r a t i n g  sand banks r i s e  t o  w i t h i n  
10 m o f  t h e  sea surface, and Hanna Shoals on t h e  nor thern  p a r t  o f  t h e  she l f ,  
which i s  as shal low as 25 m (Hi 11 and others,  1984). The Barrow Sea Val l e y  
forms a major e ros iona l  i n c i s i o n  i n t o  t h e  she l f  a long t h e  nor theas t  p a r t  o f  
t h e  Chukchi Sea s t a r t i n g  west o f  Po in t  F r a n k l i n  and t r e n d i n g  nor theast  
p a r a l l e l  t o  shore. The sea f l o o r  r a p i d l y  drops t o  over  100 m depth w i t h i n  t h e  
sea v a l l e y  ( H i  11 and others,  1984). On t h e  ou te r  she l f ,  n o r t h  o f  Hanna Shoal, 
t h e  sea f l o o r  slopes n o r t h  toward t h e  s h e l f  break where a t  approximately 60 m 
depth t h e  she l f  s lope r a p i d l y  increases. Local gu l l eys  and l a r g e r  e ros iona l  
f ea tu res  d i s e c t  t h e  ou te r  she l f  edge ( f i g u r e  7). 

CURRENTS 

Surf ace w i  nd-generated currents,  t h e  shore-para1 1 e l  A1 aska Coastal 
Current  and she l f  cu r ren ts  erode and t ranspor t  sediment modifying t h e  sea 
f l o o r  of t h e  Chukchi Sea. The nearshore cur ren ts  a re  generated most ly  by 
winds, whereas, t h e  o f f  shore reg ion  i s  domi nated by nor theast-  and southwest- 
d i r e c t e d  storm cur ren ts  and by t h e  northeastward f l o w i n g  Alaska Coastal 
Current  ( f i g u r e  8). 

Du r ing  t h e  summer months, storms from t h e  southwest commonly move across 
t h e  Chukchi Sea. The i r  maximum fe tch  then develops across t h e  open water 
(Wi seman and Rouse, 1980). The r e s u l t i n g  storm waves and storm-generated 
cu r ren ts  erode and scour t h e  sea f l o o r  and t r a n s p o r t  sediment on t h e  she l f  and 
shoal regions. The storm-generated cu r ren ts  probably r e i n f o r c e  t h e  normal 
s h e l f  cur ren ts  r e s u l t i n g  i n  per iods of bedform m ig ra t i on  and sediment 
t ransport.  

The A1 aska Coastal Current represents a northeastward f low ing "warm" 
water  mass der ived f rom t h e  Ber ing Sea (Paquette and Bourke, 1972). The 
northward f lowing Ber ing  Sea water  b i f u r c a t e s  near Po in t  Hope, one p a r t  
f l o w i n g  t o  t h e  northwest around t h e  south s i d e  o f  Herald Shoal and t h e  o ther  
fo rming t h e  Alaska Coastal Current which f lows t o  t h e  nor theast  p a r a l l e l  t o  
t h e  Alaska Coast ( f i g u r e  8). The Alaska Coastal Current, which can be as 
narrow as 37 km, approaches t h e  coast near Wainwright and Barrow. Surface 
v e l o c i t i e s  o f  up t o  200 cmlsec. a re  repor ted f o r  t h e  Alaska Coastal Current 
southwest o f  Po in t  Frankl  i n  (Hufford, 1977). Southward f l o w i n g  c lockwise 
gyres develope east o f  t h e  Alaska Coastal Current n o r t h  of t h e  major 
promatories o f f  Cape Lisburne, I c y  Cape and Po in t  Frankl  i n  (Flemming and 
Heggerty, 1966; Sharma, 1979; Lewbel and Gallaway, 1984). West of t h e  Alaska 
Coastal  Current o f f  Po in t  Frankl  i n  on t h e  west s i d e  of t h e  Barrow Sea Va l ley  a 
southwest-di rec ted  cu r ren t  i s  repor ted  w i t h  sur face v e l o c i t i e s  o f  up, t o  80 
cm/sec (Hufford, 1977). The southwest f l o w i n g  cur ren ts  a re  poo r l y  def ined i n  
space and time. Southeast-di rec ted  bottom cur ren ts  a re  a l s o  i d e n t i f i e d  on t h e  
western p a r t  o f  t h e  ou ter  she l f  (Coachman and others,  1975). Large c lockwise 
r o t a t i n g  s p i r a l  cur ren ts  a re  a l s o  repor ted  northwest o f  Barrow and may 
represent  i n t e r a c t i o n  between t h e  Alaska Coastal Current and t h e  westward 
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F i g u r e  7. Chukchi Sea bathymetry. Data modif ied from H i  11 and others,  1984. 





f l a w i n g  cu r ren t  o f  t h e  Beaufort Gyre (Solomon and Ahlmas, 1980). 

ICE REGIME 

The i c e  covers t h e  Chukchi Sea f o r  8 t o  10 months every yea r  w i t h  2 t o  4 
months of open-water du r ing  t h e  summer-f a1 1 season. During September t o  e a r l y  
October t h e  A r c t i c  pack i c e  u s u a l l y  reaches i t s  maximum nor thern  r e t r e a t ,  near 
72 t o  73 degrees. The pack i c e  then advances t o  t h e  south, and by January t h e  
e n t i r e  Chukchi Sea i s  i c e  covered (Grantr  and others,  1982). Nearshore, f as t  
5ce forms and reaches i t s  maximum development i n  March and A p r i l  ( f i g u r e  9). 
Storms and winds f rom t h e  nor theas t  w i l l  move t h e  pack i c e  t o  t h e  west 
r e s u l t i n g  i n  t h e  fo rmat ion  of t h e  p e r s i s t e n t  Chukchi Polynya u s u a l l y  by 
January (S t r inger ,  1982). The o v e r a l l  pack i c e  movement west of t h e  Chukchi 
Polynya i s  t o  t h e  west and northwest (S t r inger ,  1978, 1982, Lewbel, 1984) 
except f o r  sho r t  per iods du r ing  i c e  breakout when i c e  movement i s  t o  t h e  south 
through t h e  Ber ing S t ra i t s .  

QUATERNARY SEDIMENT 

Over much o f  t h e  Chukchi Sea she l f  a  t h i n  b lanket  o f  Quaternary sediment 
over1 i e s  i n c l i n e d  and fo lded bedrock. The s u r f  i c i  a1 sediment cover ranges i n 
th ickness  f rom less  than  1 m t o  over  12 m (Creager and McManus, 1967; Moore, 
1964; Grant t  and others,  1982). Thicker  accumulations of Quaternary sediment 
a r e  repor ted i n  c h a n n e l - f i l l  depos i ts  o f  pa leova l leys  t h a t  were c u t  i n t o  t h e  
s h e l f  du r ing  P le is tocene sea l e v e l  lowstands (Grantz and others,  1982). 

Hi gh- reso lu t ion  s e i  srnic p r o f i l e s  obta ined du r ing  t h i s  s tudy show t h a t :  
( I )  a t h i n  sediment cover, genera l l y  l e s s  than 4 m t h i c k ,  o v e r l i e s  fo lded 
bedrock over  much o f  t h e  Chukchi Sea; (2) l o c a l  accumulations o f  sediment, 
g rea te r  than 6 m t h i c k  a re  l i m i t e d  and a re  only  i d e n t i f i e d  on t h e  s h e l f  
southwest of Cape Lisburne (14 m sediment th ickness) ,  and a t  t h e  head of 
Barraw Sea Va l l ey  northwest of Po in t  Frank1 f n (over  1 4  m o f  sediment); and 
(3 )  i n  t h e  northwest p a r t  o f  t h e  Chukchi Sea a se r ies  o f  paleochannels c u t  
i n t o  bedrock con ta in  up t o  64 m of c h a n n e l - f i l l  sediment. The age of t h e  
channel- f i  11 deposi ts  i s  unce r ta i  n. 

I n  t h e  southern p a r t  o f  t h e  study area, south of 70 degrees N, bedrock i s  
o v e r l a i n  by a t h i n  sediment cover. Local accumulations o f  up t o  14 m of 
sediment a re  found d i r e c t l y  west of Cape L isburne a t  depths of 32 m ( f i g u r e  
10). Hor izonta l  r e f l e c t o r s  t h a t  a re  almost t ransparent  o v e r l i e  g e n t l y  
i n c l  ined s t a t a  ( f i g u r e  l l a ) .  The seismical  l y  t ransparent  sedimentary deposi t  
t h i n s  toward shore near Cape Lisburne. To t h e  n o r t h  of Cape Lisburne a wide 
( >  20 k i l ome te r )  band of  surface sediment, approximately 4 m t o  5 m t h i c k ,  
t r ends  t o  t h e  nor theas t  ( f i g u r e  10). Landward, toward Cape Beaufort, t h e  
sediment cover r a p i d l y  t h i n s  t o  1 t o  2 m as t h e  water depth shal lows t o  20 m 
( f i g u r e s  l l b ,  12c). To t h e  northwest of t h e  wide sediment band t h e  Quaternary 
depos i ts  a l s o  t h i n ,  vary ing  f rom 1 t o  3 m i n  th ickness ( f i g u r e  10). 

The nor theast  t r e n d i n g  sediment band, which cont inues toward Icy Cape, 
cont inues t o  con ta in  h o r i z o n t a l  r e f  l e c t o r s  o v e r l y i n g  i n c l i n e d  s t r a t a  ( f igures  
12d, 13a, 13b). This sediment band may have been formed by t h e  northward 
f l ow ing  Alaska Coastal Current i n  combination w i t h  i c e  groundings and i c e  
push. This sediment band a l s o  under l i es  an area of severe i c e  r i d g i n g  
( S t r i n g e r  1978). To t h e  east i n  shal low water, storm waves apparent ly  have 
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F i  gure 9. I c e  zonatl on i n the  northeastern Chukchf Sea March-Apri 1 ,  1983. The i ce f i e l d  

boundaries obtained from 1983 sate1 l i t e  photos. the maximum extent and development 
o f  shore-fast i c e  occurs dur ing t h i s  t ime period. Northeast-directed storms form the 
Chukchi Polynya separating the  f a s t  i c e  from the offshore pack ice .  The large pack 
i c e  blocks i n  t h e  Chukchi Polynya were moving t o  the  south during t h i s  period of 
observat i on. 
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Figure 10. Isopachs o f  Quaternary sediment near Cape L i  sburne. The le t te rs  i n d i c a t e  
seismic p r o f i  l e  locat ions  ( f igures 11,12,13). Isopachs are i n  meters. 





Figure 12. Sei snf c p r o f i  les  north o f  Cape Lisburne. C )  A t h i n  sediment cover over1 i es bedrock 
west o f  Cape Beaufort. The arrow indicates north. D) ,  The upper sei smic u n i t  
containing horizontal  s t r a t a  i s  approximately 4 m th ick  and may represent sediment 
deposited by the northward f lowing currents, The arrow indicates east,  See f igure  
10 for p r o f i l e  locations. 





l anket  var ies  from 2 t o  5 m i n  th ickness.  O f f  I c y  Cape t h e  ou te r  sand bank 
onta ins over  10 m o f  sediment o v e r l y i n g  bedrock ( f i g u r e  14). Nearshore, 
etween I c y  Cape and Po in t  Frank1 i n  as w e l l  as n o r t h  o f  Blossom Shoals, t h e  

~olocene-Quaternary sediment cover i s  a l so  t h i n  vary ing  from less  than  2 m t o  
3 m i n  thickness. 

The t h i c k e s t  Quaternary deposi ts  a r e  found a t  t h e  head of t h e  Barrow Sea 
Va l ley  west o f  Point  F rank l i n  where t h e  sediment i s  over  14 m t h i c k .  The 
sediment increases i n  th ickness  w i t h  i nc reas ing  depth w i t h  most deposi ts  
g rea ter  t han  6 m t h i c k  below 55 m. The t h i c k e s t  deposi ts  t r e n d  t o  t h e  
nor theas t  i n  l i n e a r  bands p a r a l l e l  t o  t h e  s lope o f  t h e  Barrow Sea Va l ley  
( f i g u r e  14). Wi th in  t h e  sea v a l l e y  modern channels a re  erod ing  t h e  Quaternary 
depos i ts  ( f i g u r e  15). 

On t h e  west f l a n k  o f  t h e  Barrow Sea Va l ley  a se r ies  o f  paleochannels 
con ta in  up t o  13 m o f  sediment f i l l .  The channeled sequence forms most o f  t h e  
Quaternary sediment cover ( f i g u r e s  15, 16). However, t o  t h e  east  most o f  t h e  
Quaternary depos i ts  w i t h i n  t h e  head of t h e  sea v a l l e y  r a r e l y  con ta in  coherent 
i n t e r n a l  r e f l e c t o r s .  The t h i c k e s t  deposi ts  a re  found w i t h i n  t h e  deeper p a r t s  
o f  t h e  sea v a l l e y  adjacent t o  modern eros iona l  channels. The Quaternary 
sediments are  apparent ly  be ing  eroded by an i n t e r n a l  drainage systems w i t h i n  
t h e  head o f  t h e  sea v a l l e y  ( f igures  17b, 17c) .  Channels c u t  through t h e  
Quaternary deposi ts  down t o  bedrock ( f i g u r e s  18d, 18e). 

;s t han  

.FTLI. n 

To t h e  we :he sea v a l l e y  on t h e  ou te r  s h e l f ,  t h e  Quaternary sediment 
h lanket ,  which ,,,, , i e s  fo lded t o  gen t l y  i n c l i n e d  bedrock, i s  t h i n  vary ing  

rom les 1 m up t o  5 m i n  th ickness ( f i gu res  19a, 19b). 

,HANNEL-. --- -EPOSITS (age unknown) 

A se r i es  o f  f i l l e d  paleochannels i n c i s e d  i n t o  bedrock a re  i d e n t i f i e d  i n  
t h e  northwest p a r t  o f  t h e  study area s t a r t i n g  a t  approximately 70' 30'N and 
67" 00' west ( f i g u r e  20). Based on 1 i m i t e d  t rack1  i n e  coverage, t h e  l a r g e s t  
hannel system t rends t o  t h e  northwest. The channels range up t o  13 
i lometers  i n  w id th  and a re  c u t  t o  depths o f  10 t o  over  64 m below t h e  sea bed 

i n  water depths ranging f rom 45 t o  50 m. The channels represent m u l t i p l  e  
e ros iona l  and depos i t iona l  events du r i  ng d i f f e r e n t  sea 1 eve1 1 owerings. 
Evidence f o r  d i f f e r e n t  t ime  events producing t h e  channels i s  preserved i n  t h e  
d i s t i n c t  c h a n n e l - f i l l  s t ra t i g raphy ,  t h e  superpos i t ion  o f  s t r a t i g r a p h i c  u n i t s ,  
and eros iona l  contacts o f  some seismic u n i t s .  

Four major seismic u n i t s  con ta in ing  d i s t i n c t i v e  depos i t iona l  fea tures  a re  
i d e n t i f i e d  w i t h i n  t h e  l a r g e r  channel systems ( f i g u r e  21); 2 t o  3 seismic u n i t s  
occur  i n  t h e  shal low channels. 

The uppermost depos i t i ona l  sequence, s e i  smi c u n i t  A ( f i g u r e s  22-25), 
represents a t h i n  b lanket  depos i t  ranging up t o  6 m i n  thickness. This u n i t  
over1 i e s  a1 1 o f  t h e  channeled and non-channeled deposits.  Hor izonta l  o r  
9 lf 1 ec to rs  charac ter ize  t h i s  sequence. The 1 ower e n t l y  i i n c l i n e  d para' 
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Figure 18. Modern channels a t  the  head of Barrow Sea Valley. D). Seismic p r o f i l e  showing 
channel i nci sed i nto Quaternary deposdts which overly i n c l  i ned bedrock. 
E) .  B o t t m  p r o f f l e  o f  channel. The arrows ind ica te  east. See f igure 15 for  p r o f i l e  
1 ocat i ons . 
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Figure  21. Major seismic u n i t s  and i n t e r p r e t a t f  ve depos i t iona l  environments f o r  
c h a n n e l - f i l l  deposi ts  northwest Chukchi Sea. U n i t  D r e s t s  on an 
eros iona l  sur face c u t  t o  63 m i n t o  bedrock (116 in below present sea 
l e v e l  ); Uni t  C drapes an i r r e g u l a r  e ros iona l  surface developed on 
U n i t  D and represents a probable marine depos i t iona l  sequence; U n i t  
B conta ins abundant channels but may a l s o  i nc lude  es tuar ine  t o  d e l t a i c  
t o  t e r r e s t r i a l  depos i t iona l  environments; and U n i t  A contains f l u v i a l  
t o  probable mari ne envi ronments and would conta i  n Holocene t ransgress ive  
deposits. 
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r e f  l e c t o r s  over1 i e t h e  under ly ing  s t r a t a  along an undul a to ry  contact. 

The under ly ing  sequence, seismic u n i t  B, i s  a l so  a b lanket  deposi t  
vary ing from 14 t o  32 m i n  th ickness (averages about 18 m). The t h i c k e r  p a r t s  
o f  u n i t  B represent l o c a l  deep channels cu t  i n t o  under ly ing  s t r a t a  ( f i gu re  
24). I n t e r n a l l y  t h i s  u n i t  e x h i b i t s  r e f l e c t o r s  t h a t  i n d i c a t e  complex 
sedimentation pat terns.  The r e f l e c t o r s  can be d i scon t i  nous, conta in  abundant 
def r a c t i o n  hyperbolas, o r  con ta in  we1 1 -def ined para1 l e l  i n c l i n e d  r e f  1 ectors. 
Truncat ion of t h e  r e f l e c t o r s  (due t o  channel ing) can be common l o c a l l y .  The 
1 ower contact  i s  usual l y  undul a to ry  and erosional.  

The next  1 ower sequence, seismic u n i t  C, var jes  i n  th ickness from 2 t o  
over  28 m. Hor izonta l  and p a r a l l e l  o r  s l i g h t l y  undulatory and p a r a l l e l  
r e f l e c t o r s  comprise t h e  seismic sec t ion  ( f i gu re  23). The basal r e f l e c t o r s  of 
t h i s  sequence t h i n  and are  usua l l y  draped over an i r r e g u l a r  e ros iona l  surface; 
which i n  many instances are channel f l anks  o r  o ther  topographic 
i rregu la tor ies .  

The basal seismic sequence, u n i t  D, i s  usua l l y  d iscont inous and poor ly  
preserved ( f i g u r e  22, 25). The s t r a t a  vary i n  th ickness from erosional  
pinchouts t o  over 16  m. Abundant hyperbolas, l o c a l l y  i n c l i n e d  and p a r a l l e l  
r e f  1 ectors, o r  small -scale channel i ng character izes t h e  basal u n i t  where 
preserved ( f  i gu r e  21). 

The character  o f  t h e  r e f l e c t o r s  w i t h i n  t h e  seismic sequences i d e n t i f i e s  
poss ib le  depos i t iona l  environments. The channels record s imi  l a r  f i  11 - 
s t ra t i g raphy  even w i t h i n  mu1 t i  -cycl  i c erosional  -deposi t ional  events. U n i t  A 
represents f 1 uv i  a1 t o  marine sedimentation and would i nc lude  Holocene 
t ransgress ive  deposits. U n i t  B represents f l u v i a l  "dominated sedimentat ion as 
i nd i ca ted  by t h e  abundant i n t e r n a l  channel deposits but  t h i s  sequence may a l s o  
i nc lude  some marine, estuar ine,  lagoonal and t e r r e s t r i a l  fac les.  U n i t  C 
represents depos i t ion  o f  f i  ne-grai ned sediment w i t h i n  a q u i e t  1 ow energy 
environment. Marine cond i t ions  most 1 i kely  prevai  l e d  dur ing  depos i t ion  o f  
t h i s  spquencp, however, bay o r  es tuar ine  f a c i e s  may a l so  produce a s i m i l a r  
depos i t iona l  sequence. The basal sequence, u n i t  0, represents mainly f l u v i a l  
depos i t i  an probably r e l a t e d  t o  t h e  pe r iod  of bedrock eros ion  when t h e  deep 
channels were i n i t i a l l y  cut. 

The c h a n n e l - f i l l  sequences can vary; most channels record an i n i t i a l  
channel down-cutting ( t o  116 rn below present sea l e v e l )  and depos i t ion  of 
f l u v i a l  sediments ( u n i t  D). A f t e r  depos i t ion  o f  t h e  f l u v i a l  sediments a 
pe r iod  of erosion followed. The draped s t r a t a  ( u n i t  C )  ove r l y ing  t h e  f l u v i a l  
sediments ( u n i t  D) represent mari ne sediment depos i t ion  d u r i  ng a t ransgression 
( f i gu res  22, 23, 24, 25). The next depos i t iona l  sequence, u n i t  B, probably 
contains a v a r i e t y  o f  envi  ronments i n c l u d i n g  f 1 u v i  a1 , 1 agoonal , b a r r i e r  i s l a n d  
t o  poss ib le  marine (f i gure 24). Wi th in  u n i t  B a l a r g e  channel over 28 m deep 
(103 rn below sea l e v e l  ) has removed both  under ly ing  u n i t s  C and D m  The u n i t  B 
channel i s  i n  t u r n  f i l l e d  w i t h  p a r a l l e l  draped r e f l e c t o r s .  I n  much o f  t h i s  
u n i t  nmerous shal low channels charac ter ize  t h e  depos i t iona l  sequences. The 
upper deposi t ional  u n i t  contains on ly  shallow, t o  6 m t h i c k ,  i s o l a t e d  channels 
suggesting f l u v i a l  deposit ion. Lagoonal , b a r r i e r  i s l a n d  and marine 
environments may be found w i t h i n  t h i s  sequence. 

Dur ing sea l e v e l  lowerings m u l t i p l e  channel c u t t i n g  events a re  



proposed. A t  l e a s t  3 per iods o f  sea l e v e l  lower ing and c u t t i n g  o f  channels 
a re  recognized: 1) channels were i n i t i  a1 l y  i n c i s e d  t o  a t  l e a s t  116 m below 
present  sea leve l ,  then f i  1 l e d  du r ing  a t ransgress ive  event (depos i t ion  o f  
seismic u n i t s  D and C ) ;  2) sea l e v e l  lower ing again resu l ted  i n  channels c u t  
t o  a t  l e a s t  103 m below present sea l e v e l  (depos i t ion  of seismic u n i t  B ) ;  . 
and 3) a t h i r d  sea l e v e l  lower ing  event t o  a t  l e a s t  92 m below present sea 
l e v e l  i s  recorded i n  channels l a c k i n g  depos i t ion  o f  seismic u n i t  B. The t ime  
r e l a t i o n s h i p  o f  t h e  channels l ack ing  u n i t  B t o  t h e  channels containing u n i t  B 
i s  unknown. 

The age o f  t h e  channel ing events i s  unce r ta in  bu t  may range from 
Quaternary t o  Ter t ia ry .  A "young" age i s  suggested f o r  t h e  channel - f i  11 
depos i ts  based on t h e  fo l l ow ing :  (1 )  t h e  channels are  i n c i s e d  i n t o  a t  l e a s t  
two s t r a t i  graphic bedrock u n i t s  which are  separated by an angular 
unconformity; t h e  two u n i t s  a re  t h e  gent ly  i n c l i n e d  s t r a t a  o f  t h e  North 
Chukchi Basin and t h e  under ly ing  fo lded  bedrock ( f i g u r e  19b); (2)  t h e  channel 
depos i ts  a re  not  fo lded  suggesting t h e  c h a n n e l - f i l l  i s  younger then t h e  
f o l d i n g  event; (3) some channels appear t o  be bedrock c o n t r o l l e d  fo l l ow ing  t h e  
s t r i k e  o f  under ly ing  s t r a t a  which a l s o  suggests t h e  channels are  younger than 
t h e  bedrock they are  i n c i s e d  i n t o ;  (4 )  t h e  channels must be younger than Late 
Cretaceous age because paleocurrent  data and nonmarine channel t rends i n  t h e  
l a t e  Cretaceous age Nanushuk Group sandstones on t h e  North Slope are  toward 
t h e  east t o  nor theast  ( B i r d  and Andrews, 1979; Molenaar, 1985), over 90 
degrees from t h e  Chukchi Sea northwest t rendi ng paleochannel s ; (5) t h e  
channels are  cu t  t o  a t  l e a s t  116 m below present sea l e v e l  suggest ing poss ib le  
Quaternary sea l e v e l  lowerings (however t h e  channels may be i n c i s e d  t o  deeper 
depths t o  t h e  no r th  beyond t h e  area o f  our  t r a c k  l i n e s ) ;  and (6)  some wide 
channels under ly  areas now conta in ing  sea f l o o r  depressions suggest ing e i t h e r  
compaction o f  unconsol idated sediment o r  t h e  m e l t i n g  o f  permafrost t o  produce 
t h e  sea f l o o r  depressions ( f i g u r e  7). 

The above evidence suggests a Quaternary t o  T e r t i a r y  age range f o r  t h e  
channel deposits, However, t h e  major problem o f  t h i s  "young" age i s  t h e  
i d e n t i f i c a t i o n  of t h e  channel 's sediment source, because t h e  major southern 
Holocene drainage p a t t e r n  i n  t h e  Chukchi Sea was t o  t h e  west through t h e  
present  Hope Sea Va l l ey  located east of Wrangel and Herald Is lands (McManus 
and others, 1983), and no t  where t h e  ancient  channels are located. Likewise, 
t h e  Barrow Sea Val ley was probably t h e  major Holocene drainage f o r  streams and 
r i v e r s  from t h e  east t o  a t  l e a s t  south t o  Wainwright and t h e  Kuk River  because 
paleochannels t rend  n o r t h  i n t o  t h e  sea va l ley .  The present l ack  o f  adequent 
drainage sources suggest t h a t  t h e  outer  s h e l f  channels are pre-Holocene i n  
age. 

The Chukchi Sea channel deposi ts  may be sources o f  sand and gravel.  
However, they may a l so  represent geologic hazards if they conta in  permafrost 
o r  as i n  some cases where t h e y  conta in  gas. D r i l l i n g  w i  11 be requ i red  t o  
evaluate t h e  channel deposits f o r  a source o f  sand and gravel as we l l  as 
e s t a b l i s h  t h e  age of formation. 

SURFICIAL SEDIMENTS 

Sonographs along w i t h  bottom sampling can de l i nea te  t h e  Chukchi Sea's 
major s u r f i c i a l  sediment types. The sea f l o o r  t e x t u r e  ranges from sandy mud 
t o  muddy sandy gravel. Bedforms and o the r  morphologic features formed by 



cu r ren t  r e l a t e d  sea f l o o r  processes and mammal feeding areas can a l s o  be 
i d e n t i f i e d  from sonographs. 

The s u r f i c i a l  sedtment d i s t r i b u t i o n  of t h e  southern Chukchi Sea i s  f a i r l y  
we11 def ined from previous work (Creager and McManus, 1966; Barnes, 1970) and 
i s  summarized i n  Grantz and o thers  (1982) and Lewbel (1984). Th is  sec t i on  
summarizes new data obtained from box cores, dredges, and sea f l o o r  sonographs 
s p e c i f i c a l l y  of t ex tu res  and sedirnentalogic processes a c t i n g  on t h e  sea f l o o r  
i n  t h e  Chukchi Sea. The study i s  discussed i n  two sect ions, t h e  outer  s h e l f  
which inc ludes t h e  area f rom Cape Lisburne north, and t h e  i n n e r  she l f  loca ted 
a t  t h e  head o f  Barrow Sea Valley. 

OUTER SHELF 

The sediment t e x t u r e  i n  t h e  ou te r  she l f  ranges from mud t o  g r a v e l l y  muddy 
sand. F i f teen box cores ( the  cores are homogenous throughout due t o  extensive 
b i o t u r b a t i o n )  a re  t e x t u r a l l y  c l a s s i f i e d  as: (1) s l i g h t l y  g r a v e l l y  sandy mud, 7 
cores; ( 2 )  sandy mud, 4 cores; (3) s l i g h t l y  g r a v e l l y  muddy sand, 2 cores ; and 
( 4 )  g r a v e l l y  muddy sand, 2 cores ( c l a s s i f i c a t i o n  o f  Folk, 1974). The sur face 
d i s t r i b u t i o n  of gravel,  sand and mud components o f  t h e  outer  s h e l f  cores show 
t h e  areal  v a r i a t i o n  i n  t h e  sediment f r a c t i o n s  on t h e  she l f .  The mud content 
increases t o  t h e  n o r t h  ( f i g u r e  26, Appendix A). 

Sonographs i n  con junc t ion  w i t h  sampling defines t h e  sea f l o o r  sur face 
tex tures .  Gravel - and sand-f 1 oored reg i  ons are read i  ly i dent i  fi ed by t h e  
presence o f  bedforms. However, mud appears t o  be t h e  dominant s u r f i c i a l  
t e x t u r e  fo l lowed by s l i g h t l y  g r a v e l l y  sandy mud on t h e  outer  she l f ,  

Gravel 

Gravel i s  abundant i n  t h e  southern p a r t  o f  t h e  Chukchi Sea near Cape 
Lisburne and near Cape Beaufort  ( f i g u r e  27). On t h e  nor thern she l f  gravel  
patches a re  sca t te red  and abundant on ly  south of 7 1  degrees nor th  ( f i gu res  28 
and 29). 

S i  ze analyses of t h e  gravel f r a c t i o n  of 5 box cores and one dredge sample 
show t h a t  t h e  gravel ranges up t o  32 mm and f a l l s  i n  t h e  pebble s i r e  range. A 
unimodal s i z e  d i s t r i b u t i o n  i s  present I n  4 samples and a bimodal d i s t r i b u t i o n  
i n  2 samples ( f i g u r e  30). The dominant pebble s i z e  mode o f  5 o f  t h e  samples 
i s  between 4 and 8 mn. The pebbles a r e  e i t h e r  well-rounded (samples 15 and 
17) o r  conta in  a popu la t ion  o f  rounded t o  angular c l a s t s  (sample 42). The 
composit ion o f  t h e  pebble f r a c t i o n  var ies  depending on adjacent bedrock 
sources and t ranspor t  distance. Marble and sandstone c l a s t s  are  abundant near 
Cape L i  sburne, whereas, we1 1-rounded black s i  1 iceous c l a s t s  dominate i n  t h e  
northwest samples (samples 14,15,16). Sand-size mica i s  abundant i n  t h e  
nor thern  most gravels. 

S u r f i c i a l  concentrat ions o f  gravel  i n  t h e  Chukchi Sea, r e f l e c t s  regions 
of a c t i v e  cur rents  and subsequent sea f l o o r  erosion. I n  some examples t h e  
grave l  i s  r e s t r i c t e d  t o  bathymetr ic highs. The pebbles occur e i t h e r  as 
extensive sheets ranging up t o  45 km i n  length  o r  as scat te red patches 
separated by sandy mud. I n  a l l  g rave l - r i ch  areas a t h i n ,  usua l l y  l e s s  than 2 
t o  4 m t h i c k ,  Quaternary sediment cover o v e r l i e s  bedrock which suggests t h a t  
t h e  gravels represent a l a g  deposits. 
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Figure 27. S u r f i c f a l  gravel deposits on t h e  southeast Chukchi Sea determined 
from samples and side-scan sonar records. 
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Figure 28. Sur f ic ia l  gravel deposits on t h e  central  Chukchi Sea f loor .  The d i s t r i b u t i o n  o f  
gravel determined from sonographs and box coring. See f i g u r e  2 f o r  track l i n e  
1 o c a t i  ons . 







The s u r f i c i a l  g rave l  deposi ts  e x h i b i t  a  v a r i e t y  o f  bedforms. Widespread 
gravel  sheets. some covered w i t h  symmetrical gravel waves, a re  t h e  most common 
sea f l o o r  feature. Gravel waves a l s o  occur i n  areas where gravel  sheets do 
no t  e x i s t .  L inea r  gravel  r ibbons(?)  associated w i t h  mud o r  sand are  a l so  a 
common fea ture  on t h e  f l a n k s  of  gravel  sheet deposi ts  espec ia l l y  near Cape- 
Lisburne. The l i n e a r  gravel  r ibbons a re  p o s i t i v e  fea tures  w i t h  r e l i e f  l e s s  
than  30 cm, a w id th  ranging f rom 2 t o  4 m, and a spacing o f  between 5.5 and 6 
rn ( f i g u r e  31A). The gravel  r ibbons u s u a l l y  1 i e  a t  a s l i g h t  angle t o  t h e  i c e  
gouge t rend.  With decreasing depth, abundant i c e  gouging can be associated 
w i t h  t h e  gravel  r ibbons ( f i g u r e  31%) and a t  t h e  shal lowest depths t h e  gravel  
r ibbons change t o  grave l  sheet deposits.  I c e  gouging i s  s t i l l  common w i t h i n  
t h e  gravel  sheet depos i ts  ( f i g u r e  31C). 

Near Cape Lisburne, i n  a d d i t i o n  t o  t h e  l i n e a r  gravel  bedforms nea r l y  
p a r a l l e l  t o  t h e  i c e  gouge t rend,  t ransverse  gravel  waves o r i en ted  
perpend icu la r  t o  t h e  i c e  gouge t r e n d  a r e  common ( f i g u r e  320). Shore-para1 l e l  
bedforms a re  found on t h e  f l a n k s  o f  t h e  gravel  sheets ( f i g u r e  32E). To t h e  
west o f  Cape Lisburne, a t  depths of 45 t o  49 m, an ex tens ive  gravel  sheet 
e x i s t s  w i t h  sca t te red  sand bedforms o v e r l y i n g  t h e  gravel  ( f i g u r e  32F). These 
sand bedforms i n d i c a t e  t h a t  a c t i v e  cur ren ts  e x i s t  and a re  capable of moving 
sand-size p a r t i c l e s  a t  depths g rea te r  t han  40 m. 

I n  t h e  northwest p a r t  of  t h e  ou te r  she l f ,  gravel  sheets a re  r e s t r i c t e d  t o  
areas o f  t h i n  sediment cover and t o  l o c a l  broad bathymetr ic  highs ( l ess  than 
4m high).  These gravel depos i ts  a l s o  e x h i b i t  a range of bedform types s i m i l a r  
t o  those observed near Cape Lisburne. 

Gravel r ibbons a l s o  occur associated w i t h  and p a r a l l e l  t o  i c e  gouges. 
Gravel waves, up t o  20 t o  30 cm high, can be o r i en ted  t ransverse  t o  t h e  
r ibbons o r  occur as d i s t i n t  f i e l d s  ( f i g u r e  3 3 ) .  Scat tered sand o r  gravel  
bedforms w i thou t  a d i s t i n c t  o r i e n t a t i o n  may be formed on t h e  f l anks  of t h e  
bathymetr ic  h ighs ( f i g u r e  338) .  The grave l  sheet deposi ts  can a l s o  e x h i b i t  a  
v a r i e t y  o f  bedform types ( f i g u r e  3 X ) .  Most o f  t h e  gravel sheets i n  t h e  ou te r  
s h e l f  con ta in  symmetrical bedforms o r i en ted  essent i  a1 l y  t ransverse  t o  t h e  
adjacent i c e  gouge trend. 

The grave l  depos i ts  i n  t h e  Chukchi Sea e x h i b i t  a v a r i e t y  o f  bedforms 
suggest ing t h a t  a c t i v e  cu r ren ts  e x i s t  poss ib l y  du r ing  storm per iods which 
r e i n f o r c e  t h e  s h e l f  currents.  The cu r ren ts  then a r e  capable o f  moving pebble- 
s i z e  c l a s t s  on t h e  sea f loor .  

Box cores show gravel  sca t te red  throughout t h e  cores. A s l i g h t  increase 
i n  gravel content  a t  t h e  t o p  o f  some cores suggests an eros iona l  l a g  depos i t  
( f i g u r e  34). Bedding i s  poo r l y  de f ined w i t h i n  t h e  g r a v e l - r i c h  cores. 
V e r t i c a l  and h o r i z o n t a l  burrows a re  a l s o  abundant suggest ing b i o l o g i c a l  
d i s r u p t i o n  of t h e  substrate. 

The grave l  deposi ts  i d e n t i f i e d  i n  t h e  ou te r  s h e l f  represent e ros iona l  
storm-lag deposits.  The gravels a re  found e i t h e r  where a t h i n  Quatenary 
sediment cover  e x i s t s ,  or, especia l  ly , on 1 ocal bathymetr ic  highs. The 
grave ls  may represent exposed p a r t s  o f  t h e  Holocene t ransgress ive  l a g  depos i t  
which n w  i s  being eroded. 

The source o f  t h e  gravel  i s  uncer ta in,  but,  pr ime candidates a r e  bedrock 



i g u r e  31. Gravel deposits northwest of Cape Lisburne, Chukchi Sea. 
A), Northward-trending gravel ribbons a t  42 m depth cut by 
i c e  gouges. The gravel rlbbons are (30 m apart.  6) .  gravel 
sheet and ribbons a t  38 m depth cut  by i c e  gouges. C) .  Gravel 
sheet deposit  a t  34 m depth cut by i c e  gouges. The t rans i t ion  
from A t o  B t o  C i s  typical  o f  gravel deposits i n  t h e  outer  
shel f ,  The arrows 1 ndicate east.  See f i g u r e  35 for sonograph 
1  ocat i ons, 
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Figure 32. Gravel bedforms west o f  Cape Lisburne, 0) .  Shore-normal gravel 
bedforms a t  37.5 m depth (center of sonograph) and i c e  gouges 
oriented perpendicular t o  shore. E )  Gravel waves a t  39 m depth 
oriented normal t o  shore. The wave length i s  aproximately 7 t o  8 m. 
F )  Scattered sandwaves on a gravel sheet deposit west o f  Cape Lisburne. 
See f igure  35 f o r  locat ion of f igures D and E (arrows indicate north) 
and f igure  27 f o r  locat ion of f igure F (arrow indicates east).  
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and i c e  r a f t 1  ng. However, t h e  well-rounded s i l i c e o u s  pebbles a re  s i m i l a r  t o  
t h e  s u i t e  present on t h e  beaches no r th  o f  I c y  Cape, This may suggest t h a t  
f l u v i a l  t ranspor t  t o  t h e  west occurred across t h e  exposed coasta l  p l a i n  dur ing  
sea l e v e l  1 owstands. 

Discussion 

The v a r i e t y  of gravel  bedforms found t o  depths o f  49 m, a re  t h e  r e s u l t  of 
a combination o f  f a c t o r s  i nc lud i  ng: (1 ) cur rent  erosion and sediment t ranspor t  
by t h e  northward f l o w i n g  Alaska Coastal Current (along t h e  east  s i d e  of t h e  
Chukchi Sea) and east o r  west f lowing s h e l f  cur rents  ( t h e  northwest p a r t  of 
t h e  she1 f ) ,  and (2)  westward f lowing storm-generated cur rents  on both t h e  
i n n e r  and outer  s h e l f  regions. Evidence f o r  cur rents  i s  best  demonstrated i n  
t h e  area of greatest  gravel accumulation o f f  Cape Lisburne where t h e  gravel 
r ibbons and t h e  c r e s t s  of symmetrical gravel  bedforms are o r ien ted  nor th-  
south, e s s e n t i a l l y  p a r a l l e l  t o  shore ( f i g u r e  35) and t o  t h e  northward f l o w i n g  
coasta l  current .  The dominant i c e  gouge t r e n d  i n  t h i s  same region i s  
northeast-southwest , w i t h  a secondary component o r ien ted  east-west , normal t o  
t h e  gravel r ibbons and gravel  waves. I c e  can on ly  move t o  t h e  east, upslope, 
when storms come f rom t h e  west. During per iods o f  open water t h e  symmetrical 
shore-para l le l  gravel  waves may be i n i t i a l l y  produced by storm waves moving 
f rom t h e  west t o  t h e  east (a1 lows maximum fe tch ) .  The shore-para1 l e l  bedforms 
a r e  then f u r t h e r  mainfained by t h e  northward f l o w i n g  coasta l  current .  The 
c r e s t s  o f  t h e  gravel  waves i n  t h e  northwest p a r t  of t h e  study area, l i kewise ,  
a r e  o r ien ted  north-south and t ransverse t o  t h e  gravel  ribbons, suggesting 
cur rents  f rom t h e  east o r  west produced t h e  bedforms. Storms from t h e  west 
may a l s o  have re in forced t h e  she l f  cur rents  moving gravel  on t h e  sea bed. 

The recurrence i n t e r v a l  o f  t h e  storm events capable of moving pebbles a t  
49 m depth i s  unknown, but  t h e  presence of gravel  bedforms on t h e  s h e l f  
i nd i ca tes  bottom cur rents  o f  up t o  150 cm/sec (8 mm quartz c l a s t s  a t  20' C, 
M i l l e r  and others,  1977) do occur p e r i o d i c a l l y .  

Mud 

Sandy mud t o  s l i g h t l y  g r a v e l l y  sandy mud a r e  t h e  common tex tu res  on t h e  
ou te r  she l f .  The sand f r a c t i o n  conta ins abundant mica. I n t e r n a l l y  t h e  box 
cores record crude bedding, d is rupted s t r a t a ,  abundant b io turbat ion ,  sca t te red  
pebbles, f f l l e d  c lay - l i ned  and ox id ized burrows, as we l l  as b iva lves  and 
gastropod remains ( f igures  36 and 37). Gravel i s  r a r e  i n  t h e  3 cores no r th  o f  
71 degrees and t h e  mud f r a c t i o n  increases t o  83 percent (Appendix A) .  

The b i o l o g i c a l  composit ion o f  t h e  o u t e r  s h e l f  box cores, when compared t o  
t h e  i n n e r  shel f  cores, show 1 ow species d i v e r s i t y  and abundance. The 1 i v i  ng 
organisms found on t h e  sur face and w i t h i n  t h e  cores i nc lude  b r i t t l e  s tars ,  
anemonies,crustaceans (shrimp), a v a r i e t y  o f  polychaete worms, and a few 
pelecypods and gastropods. The s h e l l  f r a c t i o n  o f  a l l  cores only conta ins 
pelecyod and gastropod remains. I n  t h e  upper p a r t  o f  cores 33 and 34 t h e  
s h e l l s  a re  t h i n  and f r a g i l e  suggest ing d i s s o l u t i o n  o f  calcium carbonate, 
whereas i n  t h e  bottom 30 cm pelcypods are  leached and are i d e n t i f i e d  by molds. 

I n  a l l  cores b i o t u r b a t i o n  i s  abundant. Based on t h e  apparent l o w  
abundance of in fauna bu t  t h e  presence o f  in tense b i o t u r b a t i o n  suggest t h a t  t h e  
ou te r  s h e l f  i s  an area of low sediment input .  B i o l o g i c a l  processes dominate 
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F i g u r e  40. Outer Sand f a c i e s  box cores. A) Radiograph o f  core 22 (42.1 m depth) 
containing abundant gravel  w i t h  crude bedding; B)  photo o f  core 10 
(42.9 m depth)  which contains bioturbated sand w i t h  a few scat tered  
pebbles; C )  photo o f  core 2 1  (47.7 m depth) containing a she1 1 l a g ,  
scat tered  pebbles and abundant bioturbat ion.  See f i g u r e  38 f o r  core 
locat ions .  The cores a r e  19 crn wide. 
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Figure  41. Faunal composition o f  inner shel f  box cores. Includes only material  from wi th in  t h e  
core and not t h e  l i v i n g  fauna on the box core surface. The faunal analyses 
conducted on the >2.0 mm s i z e  f rac t ion  of washed samples o f  most of the  core 
fo l lowing  the method of  Wilson (1979). 



Based on box cores over-consol idated mud under l ies  t h e  nor thern gravel  
deposi ts  south t o  near Wainwright. 

I n  t h e  outer  gravel  f a c i e s  sonographs record e i t h e r  a scat te red mot t led  
p a t t e r n  o r  d i s t i n c t i v e  dark patches ( f i g u r e  42) and box cores conf i rm t h e  
presence o f  gravel. No gravel bedforms have been i d e n t i f i e d  w i t h i n  t h i s  

. 
facies. 

The gravel  content o f  t h e  box cores ranges from 9.4 t o  31.7 percent 
(Appendix A, f i g u r e  38). O f  t h e  10 box cores taken i n  t h e  outer  gravel  
f aci  es; 7 a re  c l a s s i f i e d  t e x t u r a l l y  as gravel l y  sand, 3 as g rave l l y  muddy sand 
and 1 as muddy sandy gravel. Gravel i s  present i n  a1 1 cores. The gravel  
c l a s t s  range i n  s i z e  up t o  24 cm, however, most c l a s t s  are l ess  than 10 cm, 
The c l a s t  composition a l so  var ies  and cons is ts  of igneous, sandstone, 
s i l t s t a n e ,  and dolomite. Red g r a n i t e  c l a s t s  are  found i n  most cores. The 
gravel  c l a s t s  vary f rom we1 1-rounded t o  angular. 

Box cores show t h e  sea f l o o r  sur face and t h e  d i s t r i b u t i o n  o f  t h e  c las ts ,  
fauna. and i n t e r n a l  bedding, The sediment sur face can vary i n  concentrat ions 
o f  s h e l l s ,  c l a s t s ,  and animals ( f i g u r e s  43a, 44a, 45a). I n t e r n a l l y ,  however, 
t h e  cores and radiographs show a gravel-she1 1 lag,  up t o  10 cm t h i c k ,  i n  t h e  
upper p a r t  o f  t h e  cores ( f i gu res  43, 44, 45, 46). Gravel can a l s o  be 
sca t te red  throughout t h e  core sediment. Coarse-grai ned 1 ag deposi ts  may a1 so 
be present a t  t h e  base o f  some samples. Bedding i s  usua l l y  i n d i s t i n c t ,  but, 
b i  o t u r b a t i  on i s  abundant w i t h  preserved burrow structures.  

The benth ic  fauna can be exceedingly r i c h  espec ia l l y  towards t h e  north. 
The fauna cons is ts  o f  ; sponges, barnacles, bryozoans, b r i  tt l e s tars ,  urchins,  
brachiopods , sea cucumbers, hermi t  crabs, shrimp, isopods, and tube worms. 
Large polychaete worms are  a l s o  present i n  some cores ( f i g u r e  45a). The death 
assemblage contains i n  order  of decreasing abundance; barnacles, b iva lves  . 
gastropods, bryozoans, brachi  opods, echinoids, and c h i t o n  p la tes  ( f i  gure 41, 
Appendix C). Barnacles, many i ron-s ta i  ned, are t h e  most abundant component 
w i t h i n  t h e  cores. L i v i n g  barnacles, however, a re  not  common w i t h i n  t h e  
samples. The widespread gravel  subst ra te  provides a h a b i t a t  f o r  t h e  extensive 
epifauna t h a t  e x i s t s  w i t h i n  t h i s  fac ies .  

Coastal cur rent  sand fac ies 

The coasta l  cu r ren t  sand fac ies  l i e s  t o  t h e  east of t h e  outer  gravel  
fac ies .  I t  forms a nor theast  t r e n d i n g  t e x t u r a l  band from I c y  Cape t o  no r th  of 
Po in t  Frank l in .  Inshore, nor theast  o f  Icy Cape, t h e  fac ies  i s  bounded by t h e  
i n n e r  gravel  fac ies .  North of Wainwright t h e  coasta l  cur rent  sand fac ies 
merges w i t h  t h e  nearshore sand. The coasta l  cur rent  sand fac ies ranges i n  
w id th  f rom 20 km t o  l ess  than 4 km ( f i g u r e  39). The depths vary from 40 m t o  
l e s s  than  20 m. This fac ies i s  d i s t i n t  i n  t h a t  i t  contains abundant 
ech i  noi  ds, records a c t i v e  northward sediment t ranspor t  represented by sand 
wave f i e l d s ,  and i s  a major feeding ground f o r  gray whales. 

The contact  w i t h  t h e  ou te r  grave1 f a c i e s  can be abrupt where large-scale 
sand waves e x i s t  ( f i g u r e  42a) o r  i s  gradat ional .  Sandwave f i e l d s  occur w i t h i n  
t h i s  fac ies  o f f  I c y  Cape, Wainwright, and Po in t  F r a n k l i n  ( f igures  47, 48). 
Where la rge  b e d f o r m  are not  ev ident  on t h e  sonographs, small-scale bedforms 
(he ight  l ess  than 5 cm) are expected as r i p p l e s  were observed on t h e  surface 



Figure 42. A )  Transit ion between the Outer Gravel facies ( r igh t  s i d e  of sonograph) 
and sanhaves i n  the Coasta l  Current Sand facies d i r e c t l y  west o f  
Wainwright. The depth i s  28.5 m. The arrow indicates east. B )  Outer 
Gravel facies west of Point Franklin. The gravel sheet ( l e f t  side o f  
sonograph) changes t o  scattered gravel deposits loca l ly  covered by sand. 



Figure 43. Outer Gravel fac ies  box core 30 (40.2 n depth). A )  photograph o f  
box core top  containing scattered pebbles and cobbles as wel l  as 
branching bryozoans. Tunicates cover some o f  the cobbles here. 
The box core f s  31  cm i n  widest dimension. B)  Peel of core showing 
t h e  upper erosional gravel -she1 1 1 ag deposit and scattered gravel 
i n  the lower p a r t  of  the core. The peel i s  19 cm wide. See 
f i g u r e  38 f o r  core location. 



Figure  44. h t e r  Gravel fac ies  box core 25 (40.2 m depth). A )  Photograph o f  
p o f  core showing t h e  s u r f i c i a l  gravel  l a g  and biology. Sponges, 
yozaans, urchins, and barnacles are comnon. The box core i s  31 

i n  widest dimension. B )  Core pee l  showing t h e  upper gravel-  
she l l  l a g  and bioturbated sediment. Most biogenic fragments i n  
core a r e  barnacles. The peel  i s  19 cm wide. See f- igure 38 for  
1 ocat i on. 



Figure 45. Outer Gravel fac ies  box core 31 (42.0 m depth). A )  Photograph of 
top of  core showing the surface gravel -shel l  l a g  with a l a r g e  
sipuncola worm on r i g h t  side o f  core. The core i s  31 cm wide. 
B )  Core peel showing the gravel -shel l  l a g  and bioturbated 
sediments. C )  X-ray of core peel showing t h e  gravel 
d is t r ibu t ion  and crude bedding. The core peel i s  19 cm wide. 
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Fi  gure 46. Outer Gravel facf es, A )  Core 2 pee l  (45.3 m depth).  showing 
bioturbated sediment and upper gravel -shel l  lag .  B )  X-ray o f  
core peel showing t h e  s u r f i c i a l  gravel concentration. C )  Core 
24 peel (36.6 rn depth) contains scat tered  s h e l l s  and cobbles. 
D )  Core 1 peel (43.5 m depth) wi th  a s u r f l c i a l  gravel -shel l  lag. 
The cores are 19 cm wide. 
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Fl gure 47. A )  Coasta l  Current Sand facies containing sandwaves a t  28 m depth on northwest part 
of  Blossom Shoats off Icy Cape. The sandwaves range up t o  0.9 m i n  height. 81, 
Straight-crested sandwaves at 23 m depth west o f  Wainwrtght. The sandwaves range i n  
height from 1.0 t o  1.3 m and have a wave length of approximately 38 m, he arrows 
Indicate north. 





o f  some box cores. The la rge-sca le  bedforrns are  found t o  depths o f  39 m o f f  
I c y  Cape, between depths o f  23 and 38 m west o f  Wainwright, and 18 t o  30 m o f f  
Po in t  Frank1 i n. Most hedforms con ta in  northward fac ing  s l i p  faces i n d i c a t i n g  
northward bedforrn m ig ra t i on  and sediment t ranspor t .  The sand waves represent  
s t r a i g h t -  t o  sinuous-crested bedforms ranging i n  he igh t  f rom 0.5 t o  1.3 m .  
( f i gu res  47, 48). 

The sand content  o f  t h e  box cores var ies  f rom 82 t o  98 percent. The 
t e x t u r a l  c l a s s i f i c a t i o n  f o r  samples i n  t h i s  fac ies  ranges f rom s l i g h t l y  
g r a v e l l y  muddy sand, t o  g r a v e l l y  muddy sand, t o  g r a v e l l y  sand, t o  sand ( f i g u r e  
38, Appendix A).  The h igh  gravel  content i n  core  29, which i s  loca ted  near 
t h e  western boundary o f  t h e  coasta l  cu r ren t  sand facies, may r e f l e c t  a 
t r a n s i t i o n  zone between t h e  f a c i e s  o r  may represent l a t e r a l  s h i f t i n g  of t h e  
f a c i e s  because of cur ren ts  o r  sediment supply. 

A1 1  box cores con ta in  abundant b io tu rba t i on ,  sca t te red  inver tebra tes ,  and 
e x h i b i t  some crude bedding ( f i g u r e  49). Echinoids are  abundant both on t h e  
sea f l o o r  surface, as observed on t h e  t o p  o f  cores 7 and 8  ( f i g u r e  49b and 
49c),  and a re  a l s o  abundant w i t h i n  t h e  cores ( f i g u r e  49d, Appendix C). 

L i v i n g  echinoids i n  t h i s  fac ies  range i n  s i z e  f rom 2 mrn up t o  4 cm. The 
sea f l o o r  surface where box core  7  and 8 were taken contain, respecively ,  103 
and 110 echinoids per  square meter. The ech ino id  i s  i d e n t i f i e d  as 
Echinarachnius arma and has been repor ted  from southwest o f  I c y  Cape a t  
depths o f  3~ % f ~ a i d u  and Sharma, 1970). Bivalves,  barnacles, echinoi  dz, 
gastropods, and polychaete tubes ( k c t i n a r a )  form t h e  major i n v e r t e b r a t e  
members of t h i s  commnnity, 

The sea bed conta ins abundant p i t s  t h a t  i n  places cover most of t h e  sea 
f l o o r .  The p i t s  a re  a t t r i b u t e d  t o  benth ic  feeding by gray whales 
(Eschr ich t ius  --- robustus) and w i l l  he discussed i n  a  f o l l o w i n g  sect ion. 

Inner  gravel f a c i e ~  

The i n n e r  gravel  f a c i e s  occupies t h e  area east o f  t h e  coas ta l  cu r ren t  
sand fac ies from nor theast  o f  I c y  Cape t o  near Wainwright. The contact  w i t h  
t h e  coasta l  cu r ren t  sand f a c i e s  i s  gradat ional .  The gravel band i s  over 70 km 
long  and i s  up t o  28 km wide. The depths range from approximately 30 m t o  
l e s s  than 5 m nearshore. Most of t h e  grave1 i s  found a t  depths l e s s  than 25 
m. 

I n  con t ras t  w i t h  t h e  ou te r  gravel  fac ies ,  gravel  bedforms a re  observed on 
sonographs w i t h i n  t h e  i n n e r  gravel  fac ies.  Gravel sheets, gravel -sand 
patches, and shore-normal symmetrical gravel  bedforms cha rac te r i ze  t h e  sea 
f l o o r  surface i n  t h i s  fac ies.  I r r e g u l a r  shore-para1 1  e l  gravel -sand patches 
occur o f f sho re  changing t o  shore-normal gravel bedforms nearshore ( P h i l l i p s  
and Reiss, 1984). 

L i m i t e d  box core  data record h io tu rba ted  gravel,  sand and mud ( f i g u r e  
50). The gravel  cons i s t s  o f  rounded t o  angular c l a s t s  o f  sandstone, 
s i l t s t o n e ,  coal,  as w e l l  as black s i l i c e o u s  pebbles, 

The core  fauna i s  somewhat r e s t r i c t e d  (based on l i m i t e d  samples) and 
cons i s t s  of barnacles, b i  va l  ves and gastropods (Appendix C). 





Inner Figure 50. Gravel fac ies  box core 5 (18.3 rn depth). X-ray of core 
Dee1 showing bioturbated gravel. The core i s  19 cm wide. 



D i  scussion 

The i n n e r  s h e l f  a t  t h e  head o f  t h e  Barrow Sea Val ley i s  g r e a t l y  
inf luenced by two processes; (1) t h e  northeastward f l o w i n g  Alaska Coastal 
Current ( f i gu re  8), and (2) storm-generated currents. The d i s t r i b u t i o n  o f -  t h e  
s u r f i c i a l  sediments i n  t h i s  reg ion i s  t h e  r e s u l t  of sediment t ranspor t  and on- 
going erosion o f  t h e  sea bed by these cur rents  ( f i g u r e  39). 

The ou te r  sand f a c i e s  represents an area o f  t h i n  sediment cover ( l ess  
than 3 m t h i c k )  conta in ing  eros iona l  gravel  patches, and has b i o t u r b a t i o n  as a 
dominant process. Local storm-generated cur rents  and s h e l f  cur rents  f lowing 
i n t o  as w e l l  as up t h e  Barrow Sea Val ley (Garr ison and Becker, 1976; Mountain 
and others, 1976) erode t h e  sediment. 

Wi th in t h e  outer  gravel and coasta l  cur rent  sand f a c i e s  t h e  Alaska 
Coastal Current and s h e l f  cur rents  f l o w i n g  i n t o  t h e  Barrow Sea Val l e y  erode 
and t ranspor t  sedlment t o  t h e  north. The outer  gravel fac ies  represents an 
erosional s u r f i c i a l  g rave l -she l l  l a g  deposi t  produced by t h e  northward f lowing 
currents, The outer  gravel f ac ies  a l so  o v e r l i e s  areas o f  t h i n  sediment cover 
which i n  t u r n  o v e r l i e s  bedrock. The gravel grades l a t e r a l l y  t o  t h e  nor theast  
i n t o  apparent ly erosional  deposi ts  w i t h i n  over-consol i da ted  mud. Evidence f o r  
erosion by cur rents  i s  found i n  t h e  over-consol idated mud where f i e l d s  o f  
l inear ,  nor theast- t rending sediment furrows are  abundant t o  depths o f  a t  l e a s t  
80 m ( f i g u r e  51a). Sediment furrows form i n  mud subjected t o  cur rent  
v e l o c i t i e s  o f  20 cm/sec f o r  deep sea sediments t o  >40 cmlsec f o r  s h e l f  
environments (Flood, 1984). Near-bottom v e l o c i t i e s  i n  t h i s  range most 1 i k e l y  
produced t h e  sediment furrows i n  t h e  head of t h e  Barrow Sea Valley. This 
fac ies  a l so  records low sediment depos i t ion  w i t h  erosion apparent ly t h e  major 
process. 

The coasta l  cu r ren t  sand fac ies i s  an area of northward sediment 
t ransport .  The sand fac ies  forms t h e  seaward p a r t  of a sediment c i r c u l a t i o n  
c e l l  between I c y  Cape and Wainwright. Sand bedforms cover a ser ies  of arcuate 
shoals o f f  Icy Cape (Phi 11 i p s  and Reiss, 1984). These shoals migra te  seaward 
where i c e  groundings and t h e  Alaska Coastal Current erode t h e  banks. F i e l d s  
o f  northward m ig ra t i ng  large-scale bedforms form as a r e s u l t  of t h e  coasta l  
currents eroding t h e  shoals. As t h e  water deepens t o  t h e  no r th  t h e  l a rge -  
scale sandwaves change t o  r i p p l e d  sand. Where t h e  sea f l o o r  shallows and t h e  
coasta l  cur rent  impinges against  t h e  coast off  Wainwright and Po in t  Frankl in ,  
large-sca1 e sandwave f i e l d s  agai n occur, Evidence o f  northward f 1 owi ng 
currents i s  s t i l l  ev ident  where large-scale bedforms a re  not  observed on 
sonographs. Ice gouge f 1 anks may a1 so conta in northward streaming sediment, 
s i m i l a r  t o  comet marks observed on o the r  non-gouged shel fs  ( f i g u r e  51b). 
Northward f lowing cur rents  apparent ly  form these 1 i near features. 

The i n n e r  gravel  fac ies represents an area o f  e ros ion  by storm-generated 
waves and cur rents  as w e l l  as evidence o f  longshore sediment t ranspor t  i n  t h e  
nearshore zone. The shore-normal symmetrical gravel waves, s t a r t i n g  a t  depths 
o f  10 t o  15  m, r e f l e c t  t h e  d i r e c t  e f fec ts  o f  shoa l ing  waves a c t i n g  o.n t h e  sea 
bed. A t  deeper depths both wave-generated cur rents  and t h e  northward f l o w i n g  
Alaska Coastal Current erode the sea bed producing t h e  s u r f i c i a l  gravel  
lags. Erosion r e s u l t s  i n  a t h i n  sediment cover of 2 m o r  less. Nearshore, 
shore-para1 l e l  cur rents  t ranspor t  t h e  f i n e r  sediment f r a c t i o n s  towards I c y  
Cape. 



Figure 51. Inner shel f  bottom current  features. A )  L inear furrows a t  
depths o f  69 m are erosional bedforms cut i n t o  mud. The dark 
streaks on t h e  sonograph represent t he  base of the  furrow and 
probably cons is t  of gravel o r  she l l  debris. These furrows 
occupy most o f  t he  region of over-consolidated mud a t  the  nor th  
end o f  the Outer Gravel f a c ~ e s  ( f igure 38). 0) Northeast- 
d i rec ted  sediment "streaming" from i c e  gouges Ind ica te  bottom 
current  d i r ec t i on  i n  regions where sandwaves are not observed on 
sonographs. The arrows i nd i ca te  north. 



MAMMAL FEEDING AREAS 

Cai fo rn ia  gray whales have been observed by us f o r  t h e  l a s t  3 summers on 
t h e  i nne r  s h e l f  i n  t h e  reg ion west of I c y  Cape t o  no r th  o f  Po in t  Frankl in .  
Gray whales are very abundant throughout t h i s  area as i n d i v i d u a l s  and i n  pods, 
espec ia l l y  w i t h i n  t h e  region o f  t h e  Alaska Coastal Current. The gray whales 
apparent ly feed on benth ic  amphi pods and isopods i n  t h e  t h e  Coastal Current 
Sand facies. Gray whales have been observed su r fac ing  surrounded by sediment 
plumes i n d i c a t i n g  a c t i v e  benth ic  feeding. Loca l l y  scattered, rounded sea 
f l o o r  p i t s ,  a t t r i b u t e d  t o  gray whale benth ic  feeding, charac ter ize  pa r t s  of 
t h e  sea f l o o r  i n  t h e  Coastal Current Sand fac ies.  The greates t  sea f l o o r  
d is turbance i s  i n  t h e  i nne r  s h e l f  west o f  Wainwright and no r th  t o  Po in t  
Frankl i n ( f  i gure 52). Here, a v a r i  e t y  o f  apparent ly f reshly-produced and 
cu r ren t  modi f ied  feeding p i t s  a r e  observed ( f i g u r e  53). E l  1 i p t i c a l  mu1 t i p l e  
feeding p i t s  t o  wide e l  1 i p t i c a l  oval p i t s  charac ter ize  t h e  sea bed (Type I and 
Type I 1  feeding p i t s  o f  Nelson and Johnson, 1984). The p i t s  range i n  length  
f rom 1.0 t o  3.8 m and i n  w id th  from 1.0 t o  2.5 m. Near Wainwright t h e  depths 
where t h e  sea f l o o r  p i t s  have been observed vary from 23 t o  34 m. A sandwave 
f i e l d  bounds t h e  landward f l a n k  o f  t h e  feeding area. 

Three box cores (cores 23a, b, c, see f i g u r e  4 1  f o r  l o c a t i o n )  taken i n  
succession where sediment p l  umes were observed surrounding su r fac ing  gray 
whales, conta in  coarse pebbly sand i n  a1 1 cores. Abundant amphi pods and some 
isopods were found i n  t h e  cores. 

The feeding t races  a l s o  record vary ing  sea f l o o r  mod i f i ca t i on  o f  i c e  
gouges ( f i g u r e  54a). Fresh gouges d i d  not  conta in  feeding p i t s ,  whereas some 
gouges contained scat te red feeding t races  both i n  t h e  gouge troughs and on 
i n t e r n a l  r idges w i t h i n  t h e  gouges and o ther  gouges were completely p i t t e d .  
Th is  observat ion may suggest t h a t  some o f  t h e  i n tense ly  p i t t e d  i c e  gouges a re  
over one season 01 d. 

North of Po in t  Frankl i n  adjacent t o  a sandwave f i e l d  sca t te red  rounded 
p i t s  i n  coarse pebbly sand a re  a l so  observed i n  t h e  sonographs ( f i g u r e  54b). 
These p i t s  may represent e i t h e r  whale feeding t races  i n  a coarser sediment 
t ype  than found i n  t h e  southern feeding area o r  they may represent poss ib le  
walrus feeding t races.  South o f  I c y  Cape w i t h i n  t h e  area dominated by t h e  
Alaska Coastal Current scat te red sea f l o o r  p i t s  a re  a l so  observed ( f i gu re  
55a) .  These p i t s  may represent areas where gray whales are  " t e s t "  feeding o r  
they may represent an area o f  a c t i v e  bottom cur rents  f i l l i n g  i n  t h e  feeding 
p i t s  r e s u l t i n g  i n  a low dens i ty  o f  feeding t races.  

Benthic feeding t races  o f  unknown o r i g i n  are  a l so  observed as scat te red 
patches on t h e  outer  s h e l f  ( f i g u r e  55b). These feeding t races  a re  represented 
by l i n e a r  t o  curved p i t s  and they  occur adjacent t o  gravel patches on t h e  sea 
bed. These feeding t races may be produced by walrus. 

Walrus feeding t races a re  found i n  t h e  nor theast  Chukchi Sea t o  depths of 
a t  l e a s t  53 m. Long narrow l i n e a r  furrows, gent ly  curved furrows, o r  S-shaped 
t o  i r r e g u l a r  sea bed furrows charac ter ize  t h e  feeding traces. The s'ea f l o o r  
furrows are  l ess  than 1 m wide and range Sn leng th  from 10 m t o  40 m. The 
furrows can be s o l i t a r y  fea tures  o r  they  may be found as groups o f  l i n e a r  
pa ra l  l e l  t races.  The feeding t races  general ly  para l  1el  t h e  A1 aska Coastal 
Current suggesting t h e  wal rus use t h e  cur rents  dur ing  feeding. The greates t  





Gray whale feeding traces wist of Wainwright, Chukchi Sea. 
Current-modified whale feeding traces at 24 m depth. A 
sandwave field bounds the feeding area (sandwaves start o f f  
right side of photo). 500 kHz sonograph record. 



Figure 54. A )  Gray whale feeding t r a c e s  wf th in  an i ce  gouges o f f  
Wainwright. B )  Round t o  elongate scattered feeding t races  
i n  coarse sand and pebbles west o f  Point  Franklin. Sonographs 
are 500 Khz ( A )  and 100 Khz ( B )  records. 



Figure 55. A )  Scattered feeding traces wi th in  an area domfnated by 
t h e  Alaska Coastal  Current south o f  I cy  Cape. 0 )  Outer 
shelf feeding traces o f  unknown or ig in  (possf b l y  walrus) 
a t  depth of 48 m. This type o f  feedlng t race conanonly 
occurs adjacent t o  gravel patches. Sonographs are  100 Khz 
records. 



concent r a t i o n  
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se feeding t races  were preserved w i t h i n  t h e  Outer Gravel 

The reconnaissance surveys on t h e  Chukchi Sea show t h a t  gray whale and 
wal rus feeding areas do e x i s t  on and adjacent t o  t h e  region bounded by t h e  
Alaska Coastal Current. Other feeding areas can be expected on t h e  outer  
s h e l f  and on t h e  west s ide  o f  t h e  Barrow Sea Val ley adjacent t o  Hanna Shoal. 
The area l  d i s t r i b u t i o n  o f  t h e  feeding areas as w e l l  as t h e  t o t a l  sea f l o o r  
u t i  1  i z e d  by mammals i n  feeding i n  t h e  nor thern Chukchi Sea i s  unknown. 

I C E  GOUGING 

Sea i c e  p lays an a c t i v e  r o l e  i n  t h e  reworking and t ranspor t  of sediments 
on t h e  Chukchi Sea she l f .  The seasonal i c e  canopy can be d i v ided  i n t o  t h r e e  
d i s t i n c t  zones. Along t h e  coast and extending from promontory t o  promontory 
i s  t h e  quasi-stable, o f t e n  un i fo rm i c e  o f  t h e  f a s t - i c e  zone. Immediatly 
seaward of t h i s  zone, pressure and shear r idges develop i n  response t o  t h e  
i n t e r a c t  i on between the  s t a t i o n a r y  f a s t  i c e  and moving i c e  f u r t h e r  off  shore. 
The i c e  r idges i n  t h i s  zone are  o f ten  grounded. Fur ther  o f fshore  pack i c e  and 
i c e  r idges are e s s e n t i a l l y  f ree  t o  d r i f t  guided by winds and currents. 
Unequal pressures w i t h i n  t h e  y e a r l y  i c e  pack gives r i s e  t o  numerous pressure 
r idges o f  vary ing heights. I c e  kee ls  extend t o  vary ing  depths beneath t h e  
shear and pressure r idges i n  t h e  i c e  canopy. Ice kee ls  t o  50 m have been 
observed from l i m i t e d  data se ts  i n  t h e  A r c t i c  Basin t o  t h e  no r th  and even 
deeper kee ls  have been s t a t i s t i c a l  l y  predicted. When kee ls  o f  s u f f i c i e n t  
d r a f t  t o  ground are  incorporated i n  a moving i c e  canopy t h e  sea f l o o r  sediment 
i s  d is rupted and bul ldozed forming l i n e a r  plow marks o r  gouges. 

TERM1 NOLOGY 

An i c e  gouge i s  def ined as a s i n g l e  sea f l o o r  groove o r  plow mark 
generated by one p ro t rus ion  o f  an i c e  keel. A s i n g l e  i c e  keel  having more 
than  one p ro t rus ion  may c rea te  many p a r a l l e l  gouges. This r e s u l t s  i n  a se t  o f  
c l o s e l y  spaced gouges generated by t h e  same i c e  keel. Gouge depth i s  t h e  
measured depth o f  a gouge below t h e  surrounding sea f l oo r .  This measurement 
does not  necessari l y  i n d i c a t e  t h e  depth o f  i c e  i n c i s i o n  as sediment may have 
i n f i l l e d  t h e  gouge s ince i t s  incept ion.  Ridges usua l l y  f l a n k  one o r  both 
sides o f  a gouge and represent t h e  plowed debr is  f rom t h e  gouge event. Gouge 
r e l i e f  re fers  t o  t h e  v e r t i c a l  d is tance f rom t h e  f l o o r  of t h e  gouge t o  t h e  

r e s t  o f  t h e  r idge. The gouge o r i e n t a t i o n  re fers  t o  t h e  t rend  o f  1 i nea r  
,ouges and, as used here, i s  t h e  dominant t r e n d  w i t h i n  our observat ional  
segment on t h e  sonograph. Or ien ta t i on  t rends o f  gouge l i n e a t i o n s  do not  
necessarly imply t h e  d i r e c t i o n  of motion o f  i c e  which created t h e  gouge. 

RESULTS 

A summary o f  f ce gouge t rends i n  t he  Chukchi Sea ind i ca tes  a dominant 
northeast-southwest o r i e n t a t i o n  ( f i g u r e  56). Toimi 1 (1978) a l s o  notes l o c a l  
domi nant i c e  gouge t rends t h a t  para1 l e l  t h e  bathymetr i  c  contours whi-ch agree 
w i t h  our data. The i c e  gouge t rends i n  t h e  Chukchi Sea apparent ly r e f l e c t  t h e  
- f f e c t s  of s h e l f  currents,  storms and pack i c e  movement. The northwest- 

outheast i c e  gouge t r e n d  (C, f i g u r e  56) may r e f l e c t  i c e  movement by she l f  
u r ren ts  as a southeast-d i rected cu r ren t  i s  reported f o r  area "C"  ( f i g u r e  8) 

,Coachman and others, 1975) . L i  kewi se, the shore-para1 1 el i ce gouge t rends 
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a long t h e  eastern p a r t  of t h e  Chukchi Sea r e f l e c t  i c e  movements by t h e  Alaska 
Coastal Current. I c e  genera l ly  moves 45 degrees t o  t h e  r i g h t  o f  t h e  wind 
(Thorndike and Colony, 1982). The winds i n  t h e  Chukchi Sea region are  from 
t h e  nor theast  w i t h  summer storms genera l ly  from t h e  southwest o r  west which 
should move i c e  t o  t h e  northwest and t o  t h e  east respect ive ly .  The summer 
storms may account f o r  t h e  onshore t rends o f  gouges o f f  Cape Lisburne (G, ' 

f i g u r e  56) and on t h e  east s i d e  of t h e  Barrow Sea Val ley (H, f i g u r e  56). 
However, t h e  dominant northeast-southwest i c e  gouge t r e n d  on t h e  Chukchi Sea 
she l f  most r e f l e c t  t h e  pack i c e  movement t o  t h e  south du r ing  t h e  f a l l  as w e l l  
as t h e  e f f e c t s  o f  shore p a r a l l e l  shel f  currents. The dominant pack i c e  
movement t o  t h e  west and northwest (Springer, 1978, 1982) apparent ly does not  
r e a d i l y  a f f e c t  t h e  sea f l o o r  on t h e  outer  she l f .  

On t h e  ou te r  s h e l f  (northwest p a r t )  o f  t h e  Chukchi Sea t h e  maximum i c e  
gouge i n c i s i o n  depth i s  1.3 m ( tab le  1). Most of t h e  i c e  gouges a re  shallow, 
0.3 m o r  l e s s  i n  depth below t h e  sea f l oo r .  The "shallow" gouges may 
represent "o lder "  gouge events t h a t  a re  now being f i l l e d  w i t h  sediment o r  t h e y  
may a l s o  r e f l e c t  t h e  t h i n  sediment cover over bedrock ( i c e  i s  no t  c u t t i n g  i n t o  
bedrock ) . 

The maximum i c e  gouge dens i ty  f o r  1 i nes  25, 26, 27, and 44 ( f i g u r e  3 )  a re  
5 gouges p e r  km w i t h  these values on ly  found on gravel -covered bathymetr ic  
highs. The adjacent low regions average 1 gouge per  km on l i n e  44, 1 gouge 
p e r  3 km on l i n e  27, 1 gouge p e r  4 km on l i n e  26, whereas, l i n e  45 var ies  f rom 
1 gouge pe r  3 km t o  1 gouge p e r  7 km. The i c e  gouge abundance r a p i d l y  
decreases w i t h  i nc reas ing  depth ( t a b l e  1). 

On t h e  i n n e r  s h e l f  (nor theast  p a r t  o f  t h e  Chukchi Sea) w i t h i n  and 
adjacent t o  t h e  Barrow Sea Val ley i c e  gouging i s  i d e n t i f i e d  t o  58 m depth. 
The maximum i c e  gouge i n c i s i o n  depth, 2.9 m w i t h  3.9 m i c e  gouge r e l i e f ,  
occurs on l i n e  23 ( f i g u r e  4) a t  t h e  head o f  the Barrow Sea Valley. The water 
depth i s  45 m where t h e  maximum i c e  gouge i n c i s i o n  i s  located. Mu l t i p le ,  
p a r a l l e l  i c e  gouges formed by l a r g e  i c e  sheets o r  r idges account f o r  t h e  
abundance o f  shallow, 0.3 m depth o r  less, bottom disturbances i n  shal low 
water areas (24 t o  34 m water depth) ( t a b l e  2). The i c e  gouges a t  deeper 
depths tend  t o  represent s o l i t a r y  grounding events, espec ia l l y  w i t h i n  t h e  
deeper p a r t s  of t h e  sea va l ley .  

The maximum i c e  gouge dens i t y  w i t h i n  t h e  Barrow Sea Va l ley  ranges f rom 19 
gouges per  km a t  44 t o  46 m depth ( l i n e  24, ou ter  sand f a c i e s )  on t h e  west 
f 1 ank of t h e  sea va l l ey ,  t o  24 gouges pe r  km a t  28 m depth (1 i ne 17, i n n e r  
sand fac ies)  d i r e c t l y  west of Po in t  Frankl in .  Low i c e  gouge dens i t ies ,  1 
gouge i n  10 km (35 m depth) t o  1 gouge p e r  km (24 t o  29 m depth) a rc  recorded 
on t h e  shoreward p a r t  of t h e  outer  gravel f ac ies  and i n  t h e  coasta l  cu r ren t  
sand f ac i  es respect ive ly .  These 1 ow gouge dens i t i es  are  apparent ly t h e  r e s u l t  
of a c t i v e  cur rents  f i l l i n g  i n  t h e  gouge t races  w i t h i n  these two fac ies  as a t  
deeper depths and a t  shal low depths i c e  gouging ranges f rom 14 per km t o  12 
per  km respect i vely. 

I n  t h e  southern p a r t  o f  t h e  Chukchi Sea, no r th  of Cape Lisburne ( l i n e  4), - 
i c e  gouge i n c i s i o n  depths are  a l so  shal low w i t h  most gouges 0.3 m o r  less. 
The gouge dens i t i es  are greates t  on t h e  shoreward regions ranging up t o  6 
gouges per  km between 24 t o  28 m depth. 
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Table 1. ~ a x i k m  i c e  gouge i n c f  sf on depth verses water depth for  the  northwest Chukchi Sea. 
Numbers i n  boxes represent'number of gouges i n  class. Data  from l i n e  25, 26, 27, 44; 
45,  and 46 (see f igure  2 f o r  t rack l ine  locations).  Most o f  t h e  ice gouge incisions 
are  shallow, 0.3 m or less b e l w  the sea f l o o r ,  however, the shallow gouges may 
represent "older" gouges t h a t  are  f i l l i n g  with sediment. The i c e  gouge abundance also 
decreases w i t h  increasing depth w i t h  most  o f  the gauges found between 38 t o  44 m on 
gravel covered bathymet r i  c h i  ghs. 
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Table 2. Maximum i c e  gouge i n c i s i o n  depth verses water depth fo r  the Barrow 
Sea Val l e y  region. Numbers i n  boxes represent number of gouges i n  
class. Data obtained from t rack l ines  i n  f i g u r e  3. The maximum i c e  
gouge i n c i s i o n  depth i s  2.9 m a t  45 m water depth near t he  center o f  
the Barrow Sea Valley. Most of the i c e  gouges are shallow, 0.3 m o r  
less i n  depth below the  sea f loor. Mu l t i p l e  i c e  gouge i n c i s i o n s  are 
common t o  32-34 rn water depth; a t  deeper depths the i c e  gouges are 
usual ly  s o l i t a r y  events. 



DISCUSSION 

I c e  gouging i s  pervasive on t h e  Chukchi she1 f, espec ia l l y  on topographic 
highs and t h e  nearshore slopes; elsewhere, gouging i s  r a r e  and gouge depths 
a r e  shallow. I n  t h e  deep water areas gouge r e l i e f  i s  commonly subdued, . 
i n d i c a t i n g  t h a t  waves, cur rents  and b i o l o g i c a l  a c t i v i t y  a re  perhaps t h e  
domi nant sur face reworking processes. 

The h ighest  gouge i n t e n s i t i e s  (most numerous and deepest) a re  found on 
t h e  east - fac ing  slopes o f  bathymetr ic  highs and along t h e  steeper slopes of 
t h e  coasta l  margin. The bathymetr ic  h ighs and inshore areas comprise a 
r e l a t i v e l y  small p o r t i o n  o f  t h e  s h e l f  area y e t  a re  subject  t o  h igher  gouge 
i n t e n s i t i e s .  Gouging occurs here because a greater  number o f  I c e  keels e x i s t  
w i t h  shal lower d r a f t  which i n t e r a c t  w i t h  t h e  shal low sea f l o o r .  The broad f l a t  
areas, depths of 40 t o  50 ma prov ide  t h e  r a r e r  deep d r a f t  i c e  a l a r g e  sur face 
t o  gouge. 

Over t h e  broad and genera l ly  f l a t  regions o f  t h e  study area gouging 
increases northward. This i s  because o f  t h e  southward i n c u r s i o n  o f  i c e  r i dges  
and i c e  i s l a n d  fragments f rom t h e  A r c t i c  Basin and t o  t h e  greater  pe r iod  o f  
i c e  cover i n  t h e  nor thern  areas. Conversely, longer per iods o f  open water i n  
t h e  southern p a r t s  o f  t h e  study area a l low greater  sediment reworking by storm 
waves and currents. Add i t i ona l l y ,  t h e  shoals and broad expanse o f  t h e  
nor thern  s h e l f  f i l t e r  ou t  southward moving i c e  o f  s u f f i c i e n t  d r a f t  t o  gouge 
t h e  sea f l o o r .  This imp l i es  t h a t  much o f  t h e  gouging i n  the  study area may be 
t h e  r e s u l t  o f  l o c a l l y  generated i c e  ridges. From s tud ies  i n  t h e  Beaufort  Sea 
we know t h a t  gouges from l o c a l l y  generated i c e  r idges are  s h a l l  ow due t o  t h e  
general incompetence o f  newly created r idges and t h e i r  keels. 

I c e  gouging i s  a process t h a t  i s  constant ly  reworking t h e  sur face 
sediment o f  t h e  Chukchi Sea she l f .  However, currents,  waves, and b i o l o g i c a l  
processes a re  a l so  a c t i v e  i n  reworking t h e  t h i s  s u r f i c i a l  sediment l a y e r  a t  a 
h ighe r  r a t e  i n  t h e  deeper and southern p o r t i o n  o f  the  study area, masking t h e  
e f f e c t s  o f  gouging. Inshore o f  about 30 m water depth and on t h e  f l anks  and 
t h e  c res ts  of bathymetr ic  highs, i c e  gouging dominates t h e  s u r f  i c i a l  sediment 
processes except i n  areas where t h e  Alaska Coastal Current a c t i v e l y  impinges 
on t h e  sea f l o o r .  

CONCLUSIONS 

1) A t h i n  sediment cover, l e s s  than 4 t o  5 m t h i c k ,  o v e r l i e s  fo lded  
bedrock over much o f  t h e  Chukchi Sea she l f .  

2)  Channe l - f i l l  depos i ts  of unknown age occur i n  t h e  northwest p a r t  o f  
t h e  Chukchi she l f ,  These channel deposi ts  may represent poss ib le  hazard i f  
they conta in  gas o r  permafrost. They may a l so  represent a p o t e n t i a l  source o f  
sand and gravel  an t h e  ou te r  shelf. 

3) The outer  s h e l f  sur face sediment i s  composed of micaceous sandy mud 
w i t h  scat te red s u r f  i c i  a1 gravel  on bathymetr i  c  highs. 

4) The sur face sediment i n  t h e  southern p a r t  o f  t h e  Barrow Sea Va l ley  
can be d i v ided  i n t o  4 fac ies,  an outer  sand, an outer  gravel,  a coasta l  
cu r ren t  sand, and an inne r  gravel. D i s t i n c t i v e  benth ic  b i o l o g i c a l  communities 
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8) Ice gouging, t o  58 m water depth, occurs throughout t h e  Chukchi 
she l f ;  however, most o f  t h e  gouges are  shallow, l e s s  than 0.3 rn i n  depth below 
t h e  sea f loor ,  and scattered. High i c e  gouge dens i t i es  a re  i d e n t i f i e d  on t h e  
nor thern  s h e l f  areas inves t iga ted  and on t h e  f l anks  o f  t h e  Barrow Sea Valley, 

r was f unded i n  p a r t  by t he  Minerals Management Serv ice through 
'7 te r  ayrllLy ayr*eernent w i t h  t h e  National Oceanic and Atmospheric Admi n i s t r a t i o n  

, p a r t  o f  t h e  Outer Cont inenta l  Shelf Assessment Program. We thank t h e  
f i c e r s ,  and crew of t h e  RV Surveyor f o r  t h e i r  help. 
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29.3 
31.3 

35.0 

40.3 
40.2 
42 0 
41.2 
42.4 
43.0 
43.0 
43.0 
63.5 
53.9 
46.0 
45.7 
45.0 
40.5 
36.5 

31.1 

7.6 
2.0 
0.8 
21.1 
2.2 
1.8 - - - 
22.9 
0.5 
3.5 
31.7 
ROCK 
15 7 
1.7 
15.1 
3.8 
2.9 
19.3 
28.0 
22.7 
23.4 
0.7 

5.3 

12.8 
14.3 
17.3 
0.3 -- 
1 .O 
1.3 

0.2 

0.6 
6.3 
0.1 
0.5 

82.6 
94.7 
98.4 
74.5 
89.7 
74.3 
36.0 
29.2 
42,4 
40.9 
57.1 
53.2 
60.3 - 
64 -9 
88.9 
74.2 
95.3 
96.8 
79.9 
69.6 
73.2 
74.6 
83.6 

87.1 

82.5 
77.5 
75.6 
27 A 
16.7 
15.9 
15.7 

23.3 

11.8 
48.9 
37.6 
30.2 

9.7 
a.2 
0.8 
4.4 
8.0 _ 
23.9 
M.0 
70.8 
57.6 
36.1 
42.4 
43.3 
7.9 - 
19.3 
9.4 
10.7 
0.9 
0.3 
0.8 
2.4 
4.1 
1.9 
6.7 

7.6 

4.7 
8.2 
7.1 
72.3 
83.3 
83.0 
52.9 

76.5 

57.8 
44.8 
62.3 
69.3 

. 
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Biological Composition of Outer Shelf Samples 

Sample 1 Biological Speclmen I Depth 

sical speci 
10~8: 
- Barnael 

- .  A 

Fa1 

84- 1 
84-2 
84-3 
84-9 
84-18 
84-20 
84-24 
84-25 
84-26 
84-30 
84-31 
81-8 
84-6 ' 
84-7 
84-8 
84-23 
84-28 
84-29 . 

84-4 
84-5 

imens: Pel 

I es 

Biolol rcentage (by weight) of biological fraction 01 sediment sample. Codes used ate as 
I01 l 
Ba 
Bi - Blvalves 
By -Bryozoans 
Br - Brachiopods 
Ec - Echinoids 
Cp - Chitons 
Ga - Gastropods 
Pt - Polychaete ( Pectinaria sp.) tubes 

54.9 
56.4 
61.8 
50.2 
71.3 
52.0 
10.8 
77.7 
19.6 
55.5 
W.0 
43.9 
26.4 
0.5 
3.5 

15.5 
1.9 

36.2 
70.8 

. 24.9 

- 

36.7 
34.6 
25.0 
42.1 
25.6 
36.7 
86.0 
16.0 
78.3 
34.5 
33.8 
50.5 
72.3 
90.7 
85.2 
68.6 
69.9 
45.7. 
26.9 
69.6 

4.4 
0.9 
0.5 

0.1 
9.3 
2.9 
0.2 
0.1 
7.0 
3.7 

1.1 

1.3 
2.6 
0.4 

2.3 
1.2 
9.5 

2.5 
1.3 

3.9 
0.1 
0.9 
0.3 

0.3 

11.4 

0.1 
1.7 
0.6 
0.1 
0.1 

0.6 
1.2 

6.0 
8.3 

11.6 
14.7 
0.3 

0.1 

0.1 

1.7 
6.8 
1.5 
6.7 
0.4 
0.6 
0.3 
1.5 
0.7 
2.1 
2.2 
5.5 

2.7 
3.0 
1.6 

10.9 
3.7 
1.9 
5.5 

. 

0.2 
0.1 

2.5 
1.9 

43,5 
45.3 
43.9 
39.2 
39.2 
49.4 
36.6 
40.2 
29.3 
40.2 
42.0 
28.6 
37.0 
28.7 
24.6 
23.7 
31.3 
35.0 
22.3 
18.3 


