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The USGS v e s s e l  R/V KARLUK ran approximately 1000 lan of geophysical 
t r a c k l i n e s  on t h e  inne r  she l f  of t h e  Beaufort  Sea, Alaska from J u l y  14 t o  
Auqust 20, 1981. In  add i t i on  to  t h e  t r a c k l i n e  surveys, 37 sediment grah 
samples were c o l l e c t e d ,  one area was i n v e s t i g a t e d  by scuba d ive r s ,  and 5 si tes 
were monitored with Ocean B o t t m  Seismographs ( O B S ) ,  t h r e e  per  s i t e .  The R / v  
KARLUK l e f t  t h e  Beaufort  Sea on August 20 t o  support  i n v e s t i g a t i o n s  by Drs. 
Ralph Hunter and Larry P h i l l i p s  i n  t h e  Chukchi Sea. 

In  our  19R1 f i e l d  e f f o r t s ,  t h e  emphasis was on reconnaissance da t a  
c o l l e c t i o n  from t h e  eas t e rn  s e c t o r ,  between t h e  Canning River and t h e  
i n t e r n a t i o n a l  border.  This  vmrk was accomplished i n  t w o  l e g s ,  t h e  f i r s t  one 
under P . W .  Barnes, t h e  second under Erk Reimnitz. I ce  and weather condi t ions  
were about averaqe t o  favorable  f o r  inner  she l f  naviga t ion  during t h e  f i r s t  
ha l f  of t h e  a v a i l a b l e  open-water season. In t h i s  r e p o r t  we o u t l i n e  t h e  
genera l  scope of our  19A1 f i e l d  e f f o r t s  i n  t h e  Reaufort  Sea, t h e  types  of 
equipment used, l ist much of t h e  da t a  gathered,  p re sen t  those  parameters and 
r e l a t i o n s h i p s  a l r eady  ex t r ac t ed  f r o m  t h e  geophysical records ,  and g ive  
prel iminary i n t e r p r e t a t i o n s  of our f i nd ings .  

DESCRIPTION OF FIELD OPERATIONS 
Reconnaissance work 

Our primary goal ,  a reconnaissance survey from t h e  Canning River t o  t h e  
Canadian border ,  where almost no inner  she l f  da t a  had been a v a i l a b l e ,  was 
accomplished (see Fig. 1). Geophysical l i n e s  were run as f a r  o f f sho re  a s  i c e  
concent ra t ions  allowed. A l l  l i n e s  f r m  t h e  Canninq River eastward extend 
seaward i n t o  very t i g h t  pack ice, beyond which f u r t h e r  pene t r a t ion  was 
impossible.  Early i n  t h e  season t h i s  t i q h t  pack ice was near t h e  c o a s t l i n e .  
A s  t h e  season progressed,  l i n e s  could extend f a r t h e r  seaward. One bay and one 
laqoon were surveyed. Thirty-seven qrab samples were c o l l e c t e d ,  mainly on t h e  
open s h e l f .  For t h i s  reconnaissance work nav iga t iona l  con t ro l  is based on 
r ada r  f i x e s  and dead reckoning. The probable unce r t a in ty  i n  p o s i t i o n  ranges 
from I n n  or 200 m near  shore,  t o  as much a s  3 km under dead reckoning on t h e  
seaward ends of s eve ra l  t r a c k l i n e s .  

Between t h e  Canning River and t h e  C o l v i l l e  River,  surveys were s i t e  
s p e c i f i c .  Deta i led  surveys f o r  p repa ra t ion  of side-scan sonar  mosaics with 
bathymetry w e r e  run i n  four s m a l l  areas, two on Stamukhi Shoal, one on t h e  
18-m bench seaward of Narwhal I s land ,  and another  one on t h e  18-m bench 
seaward of Reindeer Is land.  Detai led bathymetric surveys were run around t h e  
"West Dock," and around two a r t i f i c i a l  g rave l  i s l a n d s :  Niakuk 3 and B.F. 
37. Two t e s t  l i n e s  f r m  previous years  were re-run ( f i r s t  run i n  1973, s e e  
Reimnitz, e t  al., 1977; and Barnes, e t  a l . ,  1978) and two new test l i n e s  were 
e s t a b l i s h e d  with side-scan sonar  t o  determine yea r ly  rates of ice gouging. 
For a l l  of t h e s e  d e t a i l e d  surveys, p o s i t i o n s  were p l o t t e d  us ing  a Del Norte 
Trisponder system with a d i s t a n c e  measuring accuracy of - +3 m.  his system 
provides  a p o s i t i o n  accuracy of 28 m. 





Miscellaneous Studies 

Three ocean-bottom seismographs (OBS) were deployed overnight a t  f i v e  
d i f f e r e n t  l o c a l i t i e s  i n  shallow water between longitude l48O West and the  
Canadian border. The water depth ranqed up to  about 4 m. The purpose of t h i s  
work was t o  monitor reported low-frequency na tu ra l  se ismici ty  i n  areas  of 
decaying permafrost. 

The divinq inves t iga t ion  consis ted  of a roughly 1.5 km dive s led  t r ave r se  
through t h e  area of the  North Stamukhi Shoal side-scan sonar mosaic. Pingers 
were placed on the  sea f l o o r  a t  each end of the  t r ave r se  t o  f a c i l i t a t e  
rerunning of the  ship- and divinq surveys i n  l a t e r  years. A l a rge  area  around 
each transponder was seeded with lead b i rdshot  f o r  follow-up s tud ies  of 
sedimentation and shoal  migration. 

EQUIPMENT USED 

Bathymetry was recorded on a Raytheon RT?L 1000 dry paper recorder using 
e i t h e r  a hull-mounted 200 kHz t ransducer with an RO beam width, o r  a 200 kHz 
transducer with a 4O beam width (narrow beam). A l l  records w e r e  corrected f o r  
d r a f t  of vesse l  or t o w  depth. A 7 kHz t ransducer was used i n  conjunction with 
the  RlT 1000, recording subbottom r e f l e c t o r s  up t o  10 m below the  sea f l o o r .  
Deeper penet ra t ion  high-resolution seismic data were recorded on an EPC model 
1400 recorder usinq 1/4 second sweep and f i r i n q  r a t e  with a 300 Joule EG&G 
Model 234 Unibwm a s  a sound source. The s igna l  was f i l t e r e d  t o  approximately 
600-1600 Hz. 

Side-scan sonar records were taken usinq a Model 259-3 EG&G wet paper 
system and a Model 272 sonar fish with a 105 kHz 1/10 second pulse a t  a 20° 
beam angle depression. Records were a l s o  taken on a EG&G Model SMS 960 
d i g i t a l  system. The d i q i t a l  data f o r  t h e  mosaics were recorded on magnetic 
tape  on a Kennedy Model 9000 magnetic tape  recorder. The Model 272 sonar f i s h  
was used f o r  both systems--the d i q i t a l  and the  w e t  paper recorders.  

OBS data  were recorded on a 3-receiver system designed and b u i l t  by Polar 
Research Laboratories of Santa Barbara, Cal i fornia .  The t h ree  u n i t s  were 
deployed i n  t r i angu la r  ar rays  a t  each of 5 s i t e s ,  with an i n t e r n a l  spacing of 
about 100 m. These systems a r e  capable of recording seismic s igna l s  i n  the  
frequency range f r o m  0 - 50 Hz. 

DATA ACQUIRGD 

Geophysical data acquired (see  t a b l e  1) cons i s t  of approximately 1005 km 
of t r a c k l i n e  bathymetry along with 7 kHz subbottom p r o f i l e s ,  800 km of side-  
scan sonar records, and 500 km of Uniboom seismic r e f l e c t i o n  records. The 
data l i s t e d  in t a b l e  1 are keyed t o  f i g u r e  1. The data  a r e  i n  the  form of 29 
r o l l s  of bathymetry, 20 rolls of side-scan sonar, 10 ro l ls  of Uniboom records,  
5 ro l ls  of Simrad fathometer records, 38 r e e l s  of recorded side-scan magnetic 



T a b l e  1 - G e o p h y s i c a l  d a t a f  

L i n e  No.  D e s c r i p t i o n  Ray theon  S i d e - s c a n  K i l o m e t e r s  

1 West Dock 
2 Niakuk I s l a n d  
3 We s t  Dock 
4 Exxon I s l a n d  
5 O u t s i d e  Lef f i n g w e l l  Lagoon 
6 Flaxman I s l a n d  c h a n n e l  
7 O u t s i d e  Flaxman I s l a n d  
8 West Camden Bay 
9 E a s t  Camden Bay 

10 E a s t  of J a q o  S p i t  
11 Demarca t ion  Bay 
1 2  B e a u f o r t  Lagoon 
13 O u t s i d e  E k a u f o r t  Lagoon 
14  E a s t  o f  J a g o  S p i t  t o  B a r t e r  I s l a n d  
15 T e s t  L i n e  7 
16 T e s t  L i n e  8 
17 East of P o l e  I s l a n d  
18 T e s t  L i n e  6 
1 9  R e c i p r o c a l ,  Test L i n e  6 
20 18-m b e n c h  d e l i n e a t i o n  
21 M o s a i c  n o r t h e a s t  o f  Narwhal  I s l a n d  
22 C o n t i n u e  mosaic 
23  1 8 - m  b e n c h  n o r t h  o f  R e i n d e e r  I s l a n d  
24 C a t  Shoal 
2 5  T e s t  L i n e  1 
26  T e s t  L i n e  2 
2 7  T e s t  L i n e  1 
28  Sou th  Stamukhi S h o a l  Mosa ic  
29 N o r t h  Stamukhi  S h o a l  Mosaic 
30 R e r u n  1977 lines o n  Stamukhi S h o a l s  
3 1  Camden Bay t o  Barter I s l a n d  
32 C o n t i n e n t a l  S h e l f  Run off B a r t e r  Is. 
3 3  Seaward leg o f f s h o r e  east o f  

Bar ter  I s l a n d  (+ 14 km r u n  o v e r )  

34 Shoreward leg east o f  Barter I s l a n d  26 18 
35 Dogleg  o f f s h o r e  & back into Pogok Bay 26 19 
36 O f f s h o r e  a n d  b a c k  o u t s i d e  B e a u f o r t  27 19 

Lagoon 
37 L i n e  a t  U. S./Canadian Border 2 9 20 - 
38 O f f s h o r e  Demarca t ion  Bay 2 9 2 0 

+Numbera i n  t h e  Raytheon,  s i d e - s c a n  a n d  uniboom columns r e p r e s e n t  b e g i n n i n g  r o l l  
numbers a n d  signify data g a t h e r e d  o n  that line by t h a t  sys tem.  N o  number means 
t h e  system was o f f *  



tape ,  120 hours of OBS magnetic tape, 8 f i e l d  maps, and the s h i p ' s  log. The 
sh ip ' s  log  contains important information on systems i n  use on each l i n e ,  
system s e t t i n g s  (scale, f i l t e r s ,  e t c . ) ,  navigat ional  data used i n  p l o t t i n g  
pos i t ions ,  s e v e r i t y  of ice condit ions and course-holding problems and unique 
observations o r  systems d i f f i c u l t i e s .  Copies of a l l  f i e l d  data a r e  ava i l ab le  
on microfilm f r m  the  National Geophysical and Solar T e r r e s t r i a l  Data Center,  
NOAA, Boulder, Colorado. The microfilm is a copy of the  geophysical records, 
s h i p ' s  log  and computer print-out  of d i g i t i z e d  way points .  The p r in tou t  of 
these  way points  would allow f o r  reproduction of t r a c k l i n e s  a t  any sca le ,  and 
cor re la t ion  t o  geophysical records through t i m e  points .  Originals  a r e  
archived a t  the  U . S .  Geoloqical Survey, Deer Creek F a c i l i t y ,  3475 Deer Creek 
Road, Palo A l t o ,  Cal i fornia  94304. 

Surface samples col lec ted  a r e  l i s t e d  i n  t a b l e  2, along with water depth, 
longitude,  and l a t i t u d e ,  and shipboard sample descr ip t ions  and observations. 
f i e  locat ions  are shown i n  f i g u r e  2. Almost a l l  samples were obtained with a 
grab sampler. The bulk of the  mater ia l  is being kept  a t  our f a c i l i t y  i n  
palo Alto, Cal i fornia  . 

DATA ANALYSIS 

In our ana lys i s  of the  geophysical reconnaissance data  obtained between 
the  Canning River and the  Canadian border the  focus has been on i c e  gouging. 
For the  analys is  we have bas ica l ly  used the  shore-normal t r a n s e c t s  and 
eliminated shallow-water, shore-para l le l  l i n e s  (Fiq. 3 ) .  The shor t  t i m e  
ava i l ab le  for  analys is  required reduction of t h e  number of parameters 
ext rac ted  from sonographs and fathograms, compared t o  the  very thorough 
ana lys i s  completed f o r  the  region w e s t  of the  Canninq River (Rearic e t  a l . ,  
1981). A copy of the  completed data sheets  used i n  t h i s  study is presented 
here a s  an Appendix. A s  i n  previous work, the  t r a c k l i n e s  are broken f o r  
s t a t i s t i c a l  analys is  i n t o  1-km-long segments, a s  l i s t e d  i n  the  f i r s t  column of 
t h e  data sheets .  The parameters we considered most s i g n i f i c a n t  f o r  t h i s  study 
a r e  the  following: 
1. Water depth - t o  f i n d  re l a t ionsh ips  t o  s e v e r i t y  of gauging. 
2. Gouge depth - maximum qouge inc i s ion  depth per  km segment. 
3. Ridqe height  - to  allow ca lcu la t ion  of t o t a l  r e l i e f  from gouging. 
4. Gouge width - maximum per km segment. 
5. Gouge dens i ty  - t he  number of gouges a c t u a l l y  counted is t o  t h e  l e f t  of the  

normalized count l i s t e d  i n  t h i s  column and separated by a s l a sh .  
6. Gouge o r i e n t a t i o n  - dominant t rend with respect  t o  t r a c k l i n e  is  t o  the  

l e f t  of the  t r u e  north o r i en ta t ions  and separated by a s lash .  
7. Sediment cohesion - an attempt t o  judge f r o m  geophysical records whether 

t h e  bottom is  composed e i t h e r  of sand and coarser  non-cohesive mater ia l ,  
o r  of f i n e  and cohesive mater ia l ,  a s  r e f l e c t e d  i n  the  shape and 
charac ter ,  of t h e  gouges. 

we a l s o  measured the  depth below sea l e v e l  of the  f i r s t  continuous 
subbottom r e f l e c t o r  seen on the  7kHz records ("Reflector  A " ) .  The main 
purpose of ex t rac t ing  t h i s  data was an attempt t o  r e l a t e  i c e  gouges t o  the  
geology of the shelf  surface.  Subtract ing water depth from t he  s t r u c t u r a l  
depth t o  "Reflector A" gives what we consider the  maximum poss ib le  thickness 
of Holocene marine sediments blanketing the inner she l f .  Given the  f a c t  that 



TABLE 2 

14111 Sample Oescrlptions 
Udter Type Reference 

Longitudq Depth(m]l Sample lLocaticn - Oescr~p t l on  
I I 1 

I Core length 37.5 cm. Very t h i n  soup on top over ly ing 
m u d  w i th  grave l ly  mud a t  base. 

~ 4 5 . 3 2 4 ~ 1  15.5 1 Grab I Line 8 1 On seaward f l m t o f  shoal. Sand 

I OR seaward f lank o f  shoal. Clean sand 

145.328~1 9.5 [ Grab 1 Line 8 ( On crest o f  shoal. Coarse sand 

145.136'] 13 1 Grab 1 Line 8 I Inside shoal. Coarse sand and pea gravel (1-2 a) over 
grey mud. 

145.3330 1 13 I Grab I Line 8 I Inside shoal. Sandy mud. Few pebbles 

145 .315~bnbewh1  l~amdenBay 1 Outcrop of s t i f f  s i l t y  c l a y  ( ? )  

I Sandy mud w i t h  bivalves. 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

Grab 

( h d r c a t  ion Bag Organic mud r/wom tubes. I 
l ~ e a u f o r t  Lagoon 1 Sandy organic-r ichmud. Peaty mater ia l  -brown t o  b lack 

I Beaufort Lagoon Muddy organic sand I 
lBeaufort Lagom Muddy organic rdnd I 

I O f f  shore Pokok Muddy sand, Soft ! 

Offshore Pokok Ba .After 3 tonerings muddy gravel. Gravel w/bentbic g r a t h  I S t i f f ,  s i l t y  clay below? 

Offshore P d o k  Ba F a i r l y  clean sand over la in  by 1-2 cm of ruddy  sediments. 

Offshore P0k0k Ba Clean f i ne  sand i 



5 t d t  ion U.rt rr 
19H1 Sample k s c r i p t  tons 

Rcferencc 

1 Dercr ip t lon  Locat 'on .-.-- - - -- 

N. o f  Reindeer I Stamukhi Ice 

M.ofRr indeer ~ ~ r a ~ e J ~ y m u d o n o n l y o n e s u r f a c e o f  blocky i c e f l o e .  

18- benchl~elndee Crest o f  r idge.  Wddy gravel, overcon~o l lda ted? 1 
18-m bench/Relndee Samples 24,251.26 at  top of  break i n  slope on t8-m bench 1 d l  I muddy gravel o f  various consistencles. fran Soupy On 
18-m bench/Reindee the west t o  s t i f f  on tne east .  

Line 32 Grave I .  up to  3 cm diameter u/bryozoanr and other smal l growtt 
i n  b ig  gouge Lerralr i  w i t h  rounded r e l t e f .  Between pebbles 
dpparently 1s a t rdce gf trapped trarrslent mud. 

Ufshore Darter I s -  Medium f i r m  qrey mud w /  a few scat tered very mall pebbles. 

Offshore Pokol Bay 

Llne 38 I Soft  mud. perhaps even t ranslent  layer separated by t h i n  
b lack  t ine  from f ~ n e r  mud below. Ho pebbles, probably no , sdnd- 

F i r m  mud u/ a 5 - 3 1  layer o f  s o f t  mud on top. No she l ls  
o r  pebbles. 

Line 36 Pebble  r i c h ,  sandy mud, so f t .  Pebbles up t o  5 cm w/coral 
growth, bryozoans. 

Line 38 I Silty clay. qrey as sample 32 w/gradual increase i n  strength 
downuard. no sand, small b r l t t l e  star. 

Line 38 

Line 38 

S t i g t t t l y  s i l t y  cldy, ~nc reds ing  very gradually from soupy 
on surfdce to  s l i q h t l y  f ~ r m c r  below. Several small shells. 
no pebbles. 

S11ghtly pebbly .  sandy mud. Sof t  a t  surface ( 5  cm) and 
f l rn ler  a t  bottom ( IS  cm). 

I1iubbly. s l i g h t l y  muddy s d n d .  One larqe pebblc ( 6  c m ) .  
subrour~dtd, w ~ t h  much gr-owth , tnc l u d ~ n g  bryozoanl, cordl .  etC 

t i r ie  38 I ( . l C ~ n  p ~ l l l l l y  rand, one c l d r t  6 cm. Ho growth. no mud. 

I Attct. 1 l owr r~nqs :  ~rlutldy q~ ave 1 ,  c I d l t  to 10 rm, no yr'uwttl. 
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~ 
Beaufort Sea 

B a t h y m e t r y  a n d  T rack l fnsa  

B a t h y m e t r y  I n  M e t e r 8  

Matcator Projactlon B  -- B r e a k  In  r l o p e  

Kllomatmrs 2LI- - B e n c h  a n d  c r e s t  h a l g h t  

- S h o a l  and c r e s t  h e i g h t  

Figure 3 .- Bathynetry (f rorn Greenberg e t  dl., 1980) and f 982 tracklines used i n  the data analysis for the  
present study area. Shoals and benches, with relief i n  meters above the surrounding sea floor, are 
shown. 



ice gouging has repea ted ly  d is rupted  t h e  sediments he re  s i n c e  the  l a s t  
t r ansg res s ion ,  the  Holocene marine sediments should not  conta in  continuous 
i n t e r n a l  r e f l e c t o r s  i n  seismic records ,  an assumption t h a t  has  s t r o n g  support  
f rm d e t a i l e d  s t u d i e s  done i n  t h e  Prudhoe Bay region.  But u n t i l  more d e t a i l e d  
work al lows us t o  c o r r e l a t e  through t h e  e n t i r e  req ion  of t h i s  reconnaissance 
survey, we can not  pu t  much emphasis on t h i s  da t a .  

A computer w a s  used f o r  p l o t t i n g  c e r t a i n  gouge parameters on maps, f o r  
simple s t a t i s t i c a l  ana lyses ,  and f o r  prepar ing  s c a t t e r  p l o t s  of qouqe 
parameters.  

Rathyme t r y  

The bathymetry shown i n  f i g u r e  3 i s  from Greenberg, e t  a l .  (19801, and we 
genera l ly  found no major disagreements with t h e  water depths recorded alonq 
our  t r a c k l i n e s .  However, t h e  t r a c k l i n e  of f  t h e  Canadian border should have 
crossed a broad shoal  suggested by publ ished da t a ,  bu t  we found no i n d i c a t i o n s  
of t h i s  f e a t u r e .  Previous work has shown t h e  important  r o l e  played by shoa l s  
in I c e  dynamics and i n  c o n t r o l l i n g  ice zonat ion (Rearic  and Barnes, 1980; 
Reimnitz e t  al., 1978),  and we theref  ore i n d i c a t e  t h e  major topographic highs 
crossed by our  survey l i n e s ,  a long with t h e  r e l i e f  above t h e  surroundinq sea  
f l o o r .  W e  assume t h a t  t hese  f e a t u r e s  a r e  o r i en t ed  gene ra l ly  shore p a r a l l e l  as 
suggested i n  f i g u r e  3. Only t h e  shoal  of f  t h e  Canning River was surveyed by a 
zigzag t r a c k l i n e  p a t t e r n  and is well  defined. 

Ice  Gouging 

The p a t t e r n  of dominant i c e  qouge aliqnment p a r a l l e l  t o  r eg iona l  i soba ths  
as mapped w e s t  of t h e  Canning River (Barnes e t  al . ,  19R1) cont inues  eastward 
t o  t h e  Canadian barder  (Fig. 4 ) .  The Bar te r  I s l and  reqion,  forming a major 
promontory j u t t i n q  o u t  i n t o  t h e  pack-ice d r i f t  of t h e  clockwise r o t a t i n g  
Beaufort  Gyre, s epa ra t e s  t w o  regions with d i s t i n c t l y  d i f f e r e n t  i soba th  t r ends  
and ice-gouge t r ends .  I n  f i g u r e  5 we p l o t t e d  water depth aga ins t  dominant 
gouqe o r i e n t a t i o n .  A clear break is shown a t  18-20 m water depth, with 
cons iderable  o r i e n t a t i o n  s c a t t e r  shoreward, and p a r a l l e l  aliqnment seaward. 
The mean gouge o r i e n t a t i o n  of 103OT i n  t h e  s tudy a rea  i s  heavi ly  weighted by 
t r end  determinat ions correspondinq t o  t h e  NW-SE t r end ing  i soba ths  e a s t  of 
Rar te r  I s land .  By comparison, t h e  mean gouge o r i e n t a t i o n  west of t h e  Canning 
River i s  90°T. 

Ice gouge dens i ty  va lues  ( ad jus t ed  gouge counts  per  km of t r a c k l i n e )  have 
been contoured i n  f i g u r e  6. A very w e l l  def ined zone with over 150 gouges per  
km of t r a c k l i n e  lies i n  water 18-36 m deep. This  zone has been defined by 
Reimnitz e t  al.  (1978) a s  t h e  stamukhi zone. The sca t te rgram (Fig.  7 )  shows a 
clear t r end  of i nc reas ing  gouge d e n s i t i e s  from t h e  shore to t h e  starnukhi zone, 
and decreas ing  gouge d e n s i t i e s  from t h e r e  t o  58 m water depth. The greatest 
depth a t  which a gouge was seen was a t  58 m on l i n e  32 ,  which extends t o  t h e  
edge of t h e  s h e l f .  The mean gouge d e n s i t y  i n  t h e  survey a rea  is 108, compared 
t o  a va lue  of 63 for t h e  region west of t h e  Canning River. We be l i eve  t h a t  
t h e s e  h igher  gouge counts  a r e  explained l a r g e l y  by t h e  f a c t  t h a t  mean water 
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depth f o r  the  areas  surveyed here is 25 m, which places them la rge ly  within 
the  Stamukhi Zone, whereas west of the  Canning River t h e  mean depth is 17 m,  
so t h a t  much of the  area  is shoreward of the  Stamukhi Zone. 

The maximum gouge inc i s ion  depths have been contoured i n  f i g u r e  8. Again 
t h e  18 m isobath is a div id ing l i n e  between maximum i nc i s ion  depths of less 
than 1 m inshore and g rea te r  than 1 m offshore,  a s  a l s o  shown on t h e  
scattergram i n  f i g u r e  9, but the  maximum inc i s ion  depths and the  maximum gouge 
widths (Fig ,  1 0 )  continue t o  increase  seaward and do not begin t o  decrease 
u n t i l  t he  very outer  ice-gouge l i m i t  observed on l i n e s  32 and 33. The mean 
f o r  a l l  maximum inc i s ion  depths in t he  study area  i s  .8 m, compared t o  .5 m 
f o r  the  western region. The mean of the maximum inc i s ion  widths i s  10 m, 
versus 8 m for t he  western region. Again t h e  l a r g e r  gouge s i z e  can be 
explained i n  p a r t  by the  g rea te r  average water depth i n  the  present  study 
a rea ,  

Figure 11 is a scattergram of r idge  height  versus water depth. This 
shows t h a t  shoreward of the  18 m isobath r idges  are no higher than 1 m. 
Ridges a r e  highest  between the  25-m and 45-m i sobaths ,  and decrease from the re  
seaward. This is contrary t o  t h e  continuous increase  i n  gouqe depth and width 
measurements with increas ing water depth. This is  m o s t  l i k e l y  due t o  the  
g rea te r  age of qouges i n  deep water, because r idges  are f i r s t  t o  disappear i n  
t h e  process of gouqe o b l i t e r a t i o n ,  as is shown by years  of monitoring s p e c i f i c  
gouges. Total  ice gouge r e l i e f  ( inc i s ion  depth plus r idge  height )  w a s  p lo t t ed  
agains t  water depth i n  f i g u r e  1 2  and shows an increase  offshore with a s l i g h t  
drop near t h e  outer  l i m i t  of ice gouging. Barnes e t  al .  (1980), based on t h e  
highest  r idqes  and g rea tes t  inc i s ion  depths seen i n  the  western area ,  
speculated t h a t  t o t a l  r e l i e f  could reach 8 m i n  a s ing le  gouge. In t h e  
present  study the  g rea tes t  value f o r  to ta l  r e l i e f  seen i n  a s ing le  gouge was 
8 m and found i n  water 38 m deep. 

Figures 13 and 14 are scattergrams of gouge dens i ty  p lo t t ed  agains t  
maximum inc i s ion  depth and maximum inc i s ion  width respect ive ly .  Both 
scattergrams show t h a t  with increas ing gouqe dens i ty  the re  is a corresponding 
decrease i n  gouqe s i ze .  This inverse  r e l a t ionsh ip  i s  p a r t l y  an a r t i f a c t ,  due 
t o  the  f a c t  t h a t  l a rge  gouges take  up more space i n  each counting i n t e r v a l  
than smaller  gouges and eorrespondinqly fewer l a rge  gouges can be f i t  i n t o  
such an in te rva l .  Many small gouges may a l s o  be reworked by the  formation of 
one l a rge  gouge. 

Figure 15 shows a p l o t  of gouge dens i ty  versus gouge o r i en ta t ion .  A 
c o r r e l a t i o n  between these  t w o  parameters is not as apparent a s  t h e  co r re la t ion  
between water depth and o r i en ta t ion  (Fig. 5) and water depth and gouge dens i ty  
(Fig. 7 ) .  

Seismic r e f l e c t i o n  s tud ies  

The c e n t r a l  por t ion  of the  study area is  in te rp re ted  by Grantz and Dinter 
(1980) a s  being t e c t o n i c a l l y  and se ismical ly  a c t i v e  during t h e  Holocene and as 
having been u p l i f t e d  during the  Quaternary. The geology here is  more 
favorable f o r  seismic p r o f i l i n g  than i n  most of t h e  regions west of t h e  
Canning River, where t h e  data are very d i f f i c u l t  t o  decipher, Fiqure 17 i s  a 
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sample Uniboom record ( f o r  locat ion  see f i g u r e  16)  on which the  most prominent 
s e t s  of r e f l e c t o r s  have been enhanced with inked l ines .  A major anqulax 
unconfomity l i e s  a t  a depth of 10-12 msec below t h e  sea f l o o r .  Only 3 msec 
below t h e  sea f l o o r  a discontinuous f a i n t  r e f l e c t o r  can be traced.  (Assuming 
a high sound ve loc i ty  of 2,000 msec i n  sediment, 1 msec is  1 m on t h i s  
record.) Figure 18 is a sample Unibom record with the  anqular unconfomity 
a t  the  sea f l o o r  possibly over la in  by an extremely t h i n  veneer of s o f t  
sediment t h a t  cannot be t raced on t h i s  record. The hyperbolic pa t t e rns  within 
t h e  upper 10 msec of t h e  record a r e  l a rge ly  a r e s u l t  of t h e  i c e  gouge r e l i e f  
on the  shelf  surface.  But the  hyperbolas could a l s o  be qenerated by 
r e f l e c t i o n s  from the  edges of t runcated beds. We do not  know whether these  
gouges a r e  cu t  i n t o  t h e  old dippinq strata truncated a t  t h e  sea f l o o r ,  o r  
whether scouring by ice has r e su l t ed  i n  a t h i n  r e s idua l  deposi t  i n  which the  
gouges a r e  formed. 

Very t h i n  surface  sediment l aye r s  are bes t  resolved on the  7 kHz record. 
Examples of these  records a r e  shown i n  f i q u r e  19 ( A  and B ) .  In f i g u r e  19B t h e  
s t rong dark band 1 m below the  sea f l o o r ,  and p rec i se ly  conforming t o  the  i c e  
gouge r e l i e f ,  i s  t h e  7 kHz trace of the  sea f l o o r .  The f a i n t  r e f l e c t o r  a t  
about 58 rn b e l o w  sea l e v e l  is  a r e a l  subbottom r e f l e c t o r .  A l l  such shallow 
r e f l e c t o r s  were t raced from the  7 kHz records a t  a very shortened hor izonta l  
sca le ,  giving a high v e r t i c a l  exaggeration, and are presented as f i g u r e s  20 
through 23. Tracklines and f i g u r e s  are arranged i n  order  from the  Canning 
River to  the  Canadian border and a l l  l i n e s  a r e  or iented  with the  shoreward 
(S-SW) end on t h e  l e f t  s ide ,  except t i e  l i n e  33-34, which p a r a l l e l s  t h e  
slope. The seaf loor  t r a c e  a l s o  d is t inguishes  between surface  mater ia l  types,  
a s  in te rp re ted  in t h e  next sec t ion .  

None of the  sec t ions  t raced i n  f i g u r e s  20 through 23 contain r e f l e c t o r  
pa t t e rns  revealing sediment accret ion.  On t he  contrary,  most a reas  show 
shallow subbottom r e f l e c t o r s  a t  varyinq angles t o  the  sea f l o o r ,  and cropping 
out  somewhere along the  t raverse .  W e  can de tec t  no thiekeninq of surface  
u n i t s  towards r i v e r s  and coastal b l u f f s ,  t h e  modern sediment sources. The 
t r ac ings  a l s o  do not reveal  a thickening of units towards the  shelf  edge. 
Much more work w i l l  be necessary t o  gain an understanding of the  s t r a t i g r a p h i c  
complexities below the  shelf  surface.  We prepared a scattergram with water 
depth p lo t t ed  agains t  sediment thickness above the  f i r s t  r e f l e c t o r  (Fiq. 24) 
and found t h a t  i n  the  areas covered by our t r ack l ines ,  the  f i r s t  r e f l e c t o r  
thickness is nowhere g rea te r  than 1 0  rn and i n  most cases is  less than 6 m. 

S u r f i c i a l  Sediments 

In our appra isa l  of surface  sediment t ex tu res  f o r  the  region from the  
Canning River t o  the  Canadian border we used t h e  surface  sediment samples 
co l l ec ted  i n  1981, t h e  c l a s s i f i c a t i o n  of geophysical records i n t o  cohesive and 
non-cohesive sediment types i n  1-km-track segments, and sediment analyses of 
samples reported by P. W. Barnes (1974). 

The 1981 shipboard sample descr ip t ions  a r e  condensed i n  t a b l e  2. Dots 
mark t h e  sampling sites i n  f i g u r e  25 ( s t a t i o n  numbers are shown i n  Fig. 2) .  
The comparison of t h e  t ex tu re  of surface  sediment samples with the  appearance 
of ice gouge r e l i e f  on fathograms and sonographs showed good corre la t ion .  Our 
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Figure 20. -  Line drawings o f  7kHz ana Uniboom sub-bottom ref l e c t o r s  from 
trackl ines  b e t e e n  Camden Bay and Barter Island. Surface sediment 
textures in Figures 20 thru 23 are interpreted from sonargraphs and 
fathograms. 
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F i g u r e  2 1 .- Line drawings of 7ktIz sub-bottom ref lectors from trackl ines  
betvseen Barter Island and the  Jag0 River. 
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Figure 22.-  Line drawings of 7kHz sub-bottom reflectors f r o m  tracklines 
b e t w e n  the Jago River and Beaufort Lagoon. 
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Figure 23.- L i n e  drawings of 7kHz sub-bottom reflectors from trackl ines  
between Beaufort Lagoon and Canadian border. 
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interpretation of the geophysical records and the classification of relief 
Eonns into "rough" and "eubdued," and classification of surface sediment 
textures into "cohesive" and "non-cohesive," is, of course, strongly 
influenced by detailed divinq and sampling investiqations made west of the 
Canning River. Figure 19 is a sample of fathograms recorded in areas of 
cohesive, muddy surface sediments ( A )  and non-cohesive, coarse, granular 
sediments (B). In the latter case the materials piled up in flanking ridges 
during the ice-qouginq process move downslope to assume the angle of repose as 
the ice passes. Subsequently the aqinq process, aided by current effects on 
non-cohesive materials results in broadly rounded ice-gouge forms. The fine- 
grained surface sediments, on the other hand, assume relatively steep slopes, 
sometimes blocky shapes, durinq disruption by ice and remain in this position 
even through periods of current activity. The sonographs shown in fiqure 26 
represent samples of these two distinct bottom types. In figure 26 A the 
gauges are cut into cohesive materials, and are characterized by flanking 
ridges consisting of irregular piles of jagqed materials. The roughness 
depends on the degree of consolidation of sediments disrupted, and is 
manifested as crisp, irregular discontinuous reflectors paralleling each 
individual gouge. Figure 26 A also records a first-year pressure ridge at the 
terminus of the parallel set of rake marks it produced. Figure 26 B shows 
gouges cut into coarse granular materials, where ridges flanking the gouges 
are smooth, even subdued, and continuous. The smooth ridges of figure 26 B 
correspond in time and place to the fathoqram shown in figure 19 B. 

The two bottm types interpreted from the geophysical records were 
plotted and the results are shown on the map in Figure 25. Coarse, granular 
materials blanket a strip from the coast to about 15- water depth. Seaward 
of the 15-m water depth lies a zone of fine, cohesive surface sediments, which 
grade seaward into coarse granular materials. Coarse-grained materials can be 
traced uniformly for many kilometers on line 32, the long track extending 
northwestward from Barter Island to the shelf break. A t  53-m depth we 
interrupted the line to collect a sample for verification and retrieved 
essentially clean gravel with attached orqanisms. The shoals within the belt 
of cohesive materials on the central shelf (Fig. 25) appear to be generally 
sand and gravel. The numbers shown on the shelf west of Barter Island in 
figure 25 represent percentages of sand plus gravel taken from surface 
sediments analyzed by Barnes (1974). These values substantiate that much of 
the shelf surface, and especially the outer half, is covered with coarse 
granular materials. 

Shoals of the Stamukhl Zone 

The relationship of coastal promontories and shoals acting as strong 
points in the control of ice dynamics and zonation has been of considerable 
interest to our studies (Rearic and Barnes, 1980; Reimnitz et al., 1978). The 
published charts for the study area do not show a pattern of shoals downdrift 
of the Barter Island promontory, similar to the pattern developed west of the 
Cross Island promontory. However our reconnaissance survey lines provide 
single crossings of a number of shoals. one long linear shoal off the Canning 
River was crudely defined by a number of crossings (Line 8 in figure . A 
number of samples collected around that shoal show it to be composed of sand 
and gravel, similar to the shoals west of the Canning Wver which have been 



Figure  26.- Sonographs of  rough (A)  and smooth (B) gouge r e l i e f .  a d i f f e r e n c e  we i n t e r p r e t  as due t o  the 
presence  of cohesive ( A )  and non-cohesive (B) sediments. A large p i e c e  of  ice is grounded i n  t h e  lower 
c e n t e r  part of sonograph A, gouges under t h e  ice are hidden. Sonograph B corresponds t o  fathogram B in 
Fig. 19. The 3 sha rp  gouges o n  t h e  fathogram are c l e a r l y  v i s i b l e  o n  t h e  sonograph. Even though t h e r e  
i s  a lo t  of r e l i e f  i n  the a rea ,  the  s e a f l o u r  t e x t u r e  i s  smooth becauee of  t h e  non-coheaive na ture  of t h e  I 

sediments. 



thoroughly s tudied .  Most of t h e  o the r  shoa l s  as wel l  a r e  composed of coarse  
granular  ma te r i a l s  as i n t e r p r e t e d  from t h e  geophysical records.  A sample 
c r o s s i n g  is shown i n  f i g u r e  27. The sonograph shows an i n t e n s e l y  gouged sea 
f l o o r  on both s i d e s  a€ t h e  shoa l .  Here t h e  gouge f l a n k s  have t h e  rough 
appearance t y p i c a l  of f l a n k s  a s soc i a t ed  with f ine-grained cohesive 
ma te r i a l s .  The shoal  i t s e l f ,  is composed of coarse  qranular  ma te r i a l  with a 
smoothed, rounded su r f ace  and a t r a c e  of cu r ren t  r i p p l e s  on t h e  crest. I c e  
hangups a r e  most common on such shoals  and t h e  sonoqraph shows such a stamukhi 
a long  t h e  c r e s t .  

bf SCUSSION AND CONCLUSf ONS 

Sedimentation 

From combined coring,  diving,  and s e i s m i c  p r o f i l i n q  s t u d i e s  i n  numerous 
d i f f e r e n t  marine qeoloqiea l  environments and s e t t i n q s  west of t h e  Canning 
River, we are convinced t h a t  where repea ted  i c e  plowing occurs  with slow 
sediment acc re t ion ,  no continuous sedimentary u n i t s  develop. Sediments come 
t o  rest mainly i n  t roughs of gouges, and t h e  shape and e x t e n t  of a trough 
de f ine  t h e  l i m i t s  of sedimentary u n i t s .  

We be l i eve  t h a t  t h e  depos i t i ona l  environment i n  e a r l y  Holocene time was 
s i m i l a r  t o  today ' s  environment. The sea advanced ac ros s  the 60-km-wide she l f  
a t  an average r a t e  of 5 m yr'l, while t h e  p re sen t  r a t e  of bluff r e t r e a t  is 1 
t o  2 m yr". Bluff he ight  a t  p resent  is  2-5 meters and we be l i eve  was s i m i l a r  
i n  t h e  pas t .  Thus the r a t e  of sediment supply from bluf f  e ros ion  has changed 
r e l a t i v e l y  l i t t l e .  The f i r s t  seawater encroaching onto t h e  ou te r  she l f  
brought i c e ,  which probably included a high propor t ion  of i c e  of land o r i g i n  
calved from r e t r e a t i n g  g l a c i e r s .  This i c e  began plowing and re-plowing t h e  
former land surf  ace,  and the developing sediment b lanket ,  a t  a h igher  r a t e  
than t h e  sediment acc re t ion  r a t e  (Reimnltz, e t  a l . ,  1977; Barnes, et  a l . ,  
1978; Reimnitz, 1978; Barnes and Reimnitz, 1979; Barnes and Reimnitz, 1981; 
and Reimnitz and Barnes, 1981).  Like today, t h e  plowing a c t i o n  of ice aided 
i n  sediment winnowing, resuspension, and t r a n s p o r t ,  and thereby  r e s u l t e d  i n  
slow r a t e s  of sediment acc re t ion .  Very slow r a t e s  of shallow water sediment 
acc re t ion  a r e  observed around t h e  e n t i r e  Arc t i c  Ocean, and we s e e  no reason 
f o r  very high r a t e s  of shallow water sediment acc re t ion  dur ing  t h e  e a r l y  
Holocene time. Viewed i n  t h i s  l i g h t ,  we s e e  no p o s s i b i l i t y  f o r  t h e  b lanket  of 
Holocene sediment t o  conta in  continuous i n t e r n a l  re f  l e c t o r s  t h a t  can be t r a c e d  
on seismic r e f l e c t i o n  records.  

A 1 1  i n c i d a t i o n s  a r e  t h a t  a th i ck  wedge of Holocene marine sediments,  
c o n s i s t i n g  of unconsolidated si l t  and mud (Din ter ,  1982), does not  e x i s t  on 
t h e  c e n t r a l  and o u t e r  she l f .  Such depos i t s ,  while  p re sen t  i n  lagoons and 
bays, a r e  e s s e n t i a l l y  lack ing  on t h e  open s h e l f .  The f ine-grained,  cohesive 
sediment mapped i n  a band on t h e  c e n t r a l  s h e l f ,  may be Holocene depos i t s  of 
s e v e r a l  meters th ickness ,  and most l i k e l y  the  shoa l s  of t h e  stamukhi zone a r e  
cons t ruc t iona l  f e a t u r e s  post-dat ing t h e  l a s t  t r ansg res s ion .  The coarse  
granular m a t e r i a l s  on t h e  inne r  she l f  and on t h e  o u t e r  she l f  seem t o  be relict 
depos i t s .  The relict nature of t h e  she l f  edge grave ls  has been discussed by 
Barnes and Reimnitz (19741, Naidu and Mowatt (1974),  and Radeick (1975). 
Thei r  i n t e r p r e t a t i o n s  a r e  based on: a )  low r a t e s  of modern i c e  r a f t i n g  of 
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coarse c l a s t s  compared t o  w e r a l l  sediment acc re t ion  r a t e ,  b) observed 
ferromanqanese coa t ings  on cobbles,  c )  about 15,000 year  o l d  c14 ages fa r  
near-surface she l f  edge and upper s lope  sediments,  d )  source rock 
cons idera t ions ,  and e) lack of seaward decrease i n  sediment g ra in  s i z e  from 
coarse grained near  t h e  sediment source t o  f i n e  grained near  t h e  o u t e r  edge of 
t h e  s h e l f .  

Din ter  (1982) mapped a seaward th ickening  wedge of Holocene marine 
sediment on t h e  Beaufort  Sea s h e l f ,  u s ing  high r e so lu t ion  seismic r e f l e c t i o n  
records.  I n  t h e  Barter I s l and  a rea  i n  p a r t i c u l a r ,  he shows a l a r g e  a rea  of 
s t r u c t u r a l l y  deformed and t runca ted  s t r a t i f i e d  depos i t s  lack inq  any Holocene 
marine sediments,  and f lanked  on t h e  no r theas t  and northwest s i d e  by Holocene 
marine sediments th ickening  t o  30 and 40 m a t  t h e  shelf  edge. Line #32 of t h e  
p re sen t  s tudy  was aimed a t  reaching t h e  she l f  edge where Holocene marine 
sediments are 40 m t h i c k ,  where, as a consequence, a c t i v e  depos i t ion  should 
occur,  and where t h e  g r e a t e s t  water depth a t  which i c e  gouges e x i s t  would 
correspond with t h e  p re sen t  maximum ice k e e l  depth t o  be encountered wi th in  
t h e  Eeaufort  Gyre. W e  reasoned t h a t  a c t i v e  depos i t ion  would e l imina te  gouges 
wi th in  a per iod  of s e v e r a l  hundred years .  Line 132 (for cross s e c t i o n  s e e  
f i g u r e  20) does indeed cross the e ros iona l  region on t h e  mid s h e l f ,  where 
o l d e r  sediments a r e  t runca ted  by t h e  sea f loo r ,  bu t  it does not  show a th i ck  
homogenous wedqe of Holocene sediments t o  seaward. The cha rac t e r  of t h e  
gouges recorded, i n  fact ,  made us suspec t  g rave l ly  su r f ace  sediments prompting 
us  t o  i n t e r r u p t  t h e  geophysical survey f o r  sampling (Fig. 2, Sample 2 7 ) .  The 
qravel r e t r i e v e d  a t  53411 water depth, a long  with t h e  homogenous appearance of 
t h e  records  f o r  t e n s  of k i lometers ,  suppor ts  previous sedimentological  
i n t e r p r e t a t i o n s  t h a t  much of t h e  ou te r  she l f  i n  t h e  e a s t e r n  Alaskan Beaufort  
Sea is blanketed by r e l i c t  g rave ls ,  and no t  by Holocene marine sediments as 
i n t e r p r e t e d  by Dinter  (1982). 

One of t h e  major p o t e n t i a l  modern sediment sources for  t h e  e a s t e r n  Alaska 
Beaufort  Sea she l f  may be t h e  Mackenzie River. Therefore,  a comparison with 
t h e  sediment d i s t r i b u t i o n  on t h e  shelf  between our  s tudy  a rea  and t h e  
Mackenzie Delta  w i l l  shed a d d i t i o n a l  l i q h t  on our content ion  t h a t  t h e  ou te r  
she l f  off northern Alaska is p resen t ly  a su r f ace  o£ non-deposition. Figure 28 
is a compilation of our sediment t e x t u r e  map extending t o  t h e  Canadian border ,  
and a map of sand-plus-gravel percentages f o r  t h e  reqion east of t h e  border by 
Vi lks  e t  al. (1979).  The Canadian she l f  su r f ace  i s  covered by sand and 
gravel .  Yorath et  a l .  (1970) i n t e r p r e t e d  t h e  sandy grave ls ,  sands, and hard 
pebbly l u t i t e s  as " r e l i c t  g l a c i a l  depos i t s  and ice-pressed tills." Thus, 
t h e s e  combined i n t e r p r e t a t i o n s  of she l f  su r f ace  sediments,  while not  matching 
ac ros s  t h e  border i n  d e t a i l ,  leave no room f o r  a t h i c k  wedge of Holocene 
sediment on t h e  o u t e r  she l f .  The ex tens ive  reg ions  west of t h e  MacKenzie 
River a l s o  i n d i c a t e  t h a t  t h e  sediments suppl ied  by t h i s  l a r g e  r i v e r  are no t  
d i spersed  westward from its nmuth. A thorough s tudy  of t h i s  problem is urqent  
because t h e  i n t e r p r e t a t i o n  t h a t  slumping, s l i d i n g ,  and f a u l t i n g  are a c t i v e  
geohazards i n  this a rea  (Grantz and Dinter ,  1980) i s  s t rong ly  dependent on 
whether t h e  she l f  edge sediments a r e  o l d  o r  recent .  If t h e r e  is  no a c t i v e  
sedimentat ion,  then  su r f ace  r e l i e f  f e a t u r e s  r e l a t e d  t o  mass movement and 
f a u l t i n g  may have been produced i n  t h e  d i s t a n t  p a s t ,  by processes  i n a c t i v e  
today . 



scarps .  The i c e  pack a c t i n g  on an extensive, nan-homoqenous su r f ace ,  however, 
seems t o  t ake  t h e  d i f f e r e n t  l i t h o l o g i c  u n i t s  down t o  t h e  same l e v e l  by 
focus ing  mainly on t h e  high po in t s .  Viewed i n  t h i s  l i g h t ,  t h e  ex i s t ence  of 
major, w e l l  def ined shoa l s  is  more pexplexing. 

So f a r  we have been unable t o  r e l a t e  t h e  i n t e n s i t y  of ice gouging t o  t h e  
underlying geology. Thus, one could a l s o  argue t h a t  a l l  geologic  s t r a t a  
exposed t o  t h e  a c t i o n  of i c e  i n  t h e  s tudy a r e a  a r e  r e l a t i v e l y  weak compared t o  
t h e  f o r c e s  of t h e  movinq i c e  k e e l s .  

New Evidence f o r  Greater-than-Expected Ice-keel Depth 

Favorable i c e  condi t ions  i n  1981, and a r e l a t i v e l y  narrow shelf  e a s t  of 
t h e  Canning River enabled t h e  R/V KARLUK t o  survey ice gouges i n  gene ra l ly  
g r e a t e r  water depth than  has been poss ib l e  i n  t h e  western sec to r .  One 
p a r t i c u l a r  l i n e  was extended t o  the very she l f  edge. Xn genera l ,  t h e  
r e l a t i o n s h i p  between i c e  gouqinq and water depth i n  t h e  s tudy area is s i m i l a r  
t o  t h a t  determined f o r  areas west of t h e  Canning River,  with lowest va lues  f o r  
c e r t a i n  gouge parameters inshore  and o f f sho re  of t h e  stamukhi zone. In  t h e  
p re sen t  s tudy,  i c e  gouqes were t r aced  t o  maximum water depth of 58 meters. 
Beyond t h a t  we saw only  very broad, subdued r e l i e f  f e a t u r e s  un re l a t ed  t o  i c e  
k e e l  i n t e r a c t i o n .  Among t h e  bedforms beyond t h e  deepwater gouge limits we 
found s lope -pa ra l l e l ,  rhythmic l i n e a t i o n s  of 3 m wave lenqth  b u t  less than  
20 crn of r e l i e f ,  which we i n t e r p r e t  4s probable hydraul ic  bedfonns. These 
i n d i c a t o r s ,  a lonq with t h e  presence of su r f ace  m a v e l a  r a t h e r  than f i n e  
m a t e r i a l s ,  t h e  subdued na ture  of gouge r e l i e f  forms, t h e  seaward decrease i n  
ridge he igh t  r e l a t i v e  t o  trough depth and width, and e s p e c i a l l y  t h e  recorded 
c u r r e n t  pu l se s  of up t o  50 m per  second alonq t h e  she l f  edge (Aagard, 1977) 
all suqgest  t h a t  a c t i v e  c u r r e n t s  rework t h e  deep water gouges. Based on t h e s e  
cons ide ra t ions ,  t h e  gouges found a t  5 R  m water depth a r e  modern r a t h e r  than  
re l ic t  (produced dur inq  lower s tands  of sea l e v e l ) .  S u r f i c i a l  hyperbol ic  
r e f l e c t i o n s  on Uniboom cross ings  of t h e  she l f  edge between Barrow and t h e  
Canadian border ,  and t h e  accompanyinq su r f ace  roughness, are f a i r l y  c e r t a i n  
i n d i c a t o r s  f o r  t h e  presence of ice gouges. These i n d i c a t o r s  can be t r a c e d  i n  
28 r ep re sen ta t ive  t r a v e r s e s  t o  maximum water depths of between 60 and 64 
meters (Dave Dinter ,  U.S.  Geological Survey, o r a l  communications, 1982).  

Our previous content ion  t h a t  i c e  gouges seen on t h e  Beaufort  Sea she l f  a t  
depths greater than 47 m ( t h e  deepest  k e e l  a c t u a l l y  observed) are modern has 
r e c e n t l y  found a d d i t i o n a l  support.  Marine geologic  s t u d i e s  by Canadian 
r e sea rche r s  i n  t h e  southern Beaufort  Sea no longer  c a l l  f o r  lower sea  l e v e l s  
t o  account f o r  t h e  deepest  gouges observed. Also, s t a t i s t i c a l  t rea tment  of 
i c e  k e e l  d i s t r i b u t i o n s  i n  Aretic deep water al low f o r  60 m deep k e e l s  t o  occur 
a t  a r a t e  of one every few hundred years  ( P e t e r  Wadhams, o r a l  communication, 
1982). These f ind ings  a r e  of l i t t l e  consequence a t  t h e  p re sen t  s t a g e  of 
petroleum development i n  t h e  Alaskan Beaufort  Sea, b u t  may in t h e  f u t w e  
assume cons iderable  importance. 



Shallow Seismic Strat igraphy 

Our ana lys i s  of seismic records has not progressed t o  the s taqe  where 
c o r r e l a t i n g  individual  u n i t s  Prom l i n e  t o  l i n e ,  and i n t e r p r e t i n g  t h e i r  
geologic h i s to ry ,  can be attempted. However, we can put some limits on t h e  
th j i ckness  of the  surface  u n i t s  - the  Holocene marine sediments. Our 
reasoning leading t o  t h e  conclusion t h a t  Holocene marine sediments cannot 
contain continuous seismic r e f l e c t o r s  has been presented above. This is not 
only a theory, it has been proven t r u e  i n  numerous s i t e  s p e c i f i c  s tud ies  i n  
the  west. Based on t h i s  f a c t ,  t h e  sediment thickness above the  f i r s t  sub- 
bottom r e f l e c t o r  is the  upper l i m i t  f o r  the  thickness of Holocene marine 
sediments. A p l o t  of these  values (Fig. 24) aga ins t  water depth shows no 
trend.  The mean depth below the  sea f l o o r  is near ly  7 meters. But a s  
discussed before, t h e  geometry of u n i t s  defined by the  shallow r e f l e c t o r s  
excludes them i n  most regions from being Holocene marine sediments. They must 
be o lder  un i t s .  

f i i c k  sec t ions  of s t r a t i f i e d ,  t e c t o n i c a l l y  deEormeA, probably Pleistocene 
s t r a t a  dipping a t  various anqles a r e  t runcated by t h e  seaf loor  over extensive 
regions i n  the  Barter  Is land area. W e  have not  been able  t o  t r a c e  any 
port ions of the  sec t ion  to  Barter  Is land from t he  Flaxman Island area ,  where 
well known s t r a t ig raphy  e x i s t s  from boreholas. S o m e  f a u l t s  extend t o  near the  
sea f l o o r ,  but  we a r e  unable t o  de tec t  surface  scarps o r  o ther  siqns of recent  
f a u l t  displacements. However, t h e  smooth t runcat ion  surfaee,  extending f o r  
many kilometers and c u t t i n g  across numerous s t r a t a  of presumably d i f f e r e n t  
e rodab i l i ty ,  suggests t h a t  i c e  scouring is  an e f f i c i e n t  planation aqent t h a t  
t r e a t s  a l l  ava i l ab le  mater ia ls  uniformly. Thus, t h e  lack of modern f a u l t  
scarps i n  our da ta  is not  necessar i ly  evidence agains t  recent  movement 
postulated by Grantz ana Dinter (19RO). 

Sand Gravel Ftesourees 

Triggered i n  p a r t  by t h e  high demand f o r  sand and gravel  a s  construct ion 
mater ia l  f o r  of fshore  petroleum development, t h e  Federal Gbvernment is making 
preparat ions f o r  managing these  resources on the  Arct ic  shelf  through a 
l eas ing  program. Xn the  present  study a rea  a l l  indica t ions  a r e  t h a t  gravel is 
p l e n t i f u l ,  even i n  deep water, and need not be hauled g rea t  distances.  In 
a reas  where ac t ive  gouging c rea tes  up t o  8 m of v e r t i c a l  r e l i e f ,  t h e  seaf loor  
r e f l e c t i v i t y  and o v e r a l l  appearance i s  homogenous f o r  many kilometers.  If 
such a reas  on the  outer  shelf  were underlain by interbedded mua, sand and 
gravel ,  t h e  plowed r idges  would reveal  such inhomogeneities. The sea f l o o r  
would be l i t t e r e d  with s l abs  of s t i f f  s i l t y  clay.  The appearance of the  
geophysical records suggests to us t h a t  on t h e  ou te r  shelf  f a i r l y  clean,  
coarse granular  ma te r i a l s  have a thickness of a t  l e a s t  severa l  meters. 
However, severa l  box cores from t h e  ou te r  shelf  contain firm mud u n i t s  (Barnes 
and Reimnitz, 19741, r a i s i n g  quest ions t h a t  need answers. 
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