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A r.urnh?r of Ij.nt?nr shoals, r e p r c s c n t i . n y  pr-onouncctl i - .npograpl - i ic  a n o r n a l i c s  

on t;hc s u r f ~ i c c  of t h c  A r c t i c  s h r - t l f ,  have k e c n  st:udi.cd i n  thc P r u d h o c  nay  a rea .  

These s h o a l s  ?l;ivc l y c n  rcfcrret l  t o  i n  s c v c r a l  p r c v i o u s  s t u d i e s .  Fiascd on  

seismic rc?f ' ! i tct . ion r c c . o r d s ,  Re . in1n j . t~  ct. ax. ,  ( 1972a ) ,  s t a t e t 3  t h a t  t !~e  st1nal.s 

a]-e const?-acf:j .on;~: C(\ii!:l:r~s yni.lngcrr t h a n  the y r o s t - W i s c o n s i n  t l - ansq rc= : ; : ; i o r~ .  

Tarq~' c l -~unkr ;  o f  g~rountl t lc l  i c e  ila\,e f r e q u e n t l y  becn sccri c)n the l i n r ; ! r  ~ h o a l c ,  of 

t l : ~  inner s1:ciJ.f. Th~!.c:c i c c  c l ~ u n k s  f o r m  h a r r i e r s  parallel. t o  t h c  shorc 

(Rc.j.r.l?!itz, et 31. 1 9 7 2 b ) .  Kej.m~-ljtz and I3illllP:; ( 1 9 7 4 )  c o ~ - ! : ; i c i e r r c i  the l a c k  o f  

g r ~ i , c l  co:;rc:.:t~:r~t i.nr?s or? t11ct sI.:c>I:; LO tw c v i d e r > c c  that .  t.1:~ s t l r~2 : r i  of pack i c e  

d r i f  tj .ncj pt::t. r ~ o r t l i e r n  Alaska  c : a - r i p s  V e r y  li t t . 1 ~  cjravcl ::odaj.. I,r~v:c?l.l.en 

( I 9 7  / )  r ~ i  c r r v d  to tile I j nc:::r .r;l!n;ilr: r7s S U ~ > I [ ; C I : . ( ~ C : ~  ! ) a ~ r : i t ? ~ .  i s l a n d s ,  while 

H c i m n i t z ,  et al., ( 1 9 7 7 1 , )  pointed out that., al.t,!inucjh s i lmi la r  i n  sh?~pc t o  

1x1-rier j.slancl.r,, the 1 j :war s h o a l s  a re  v e r y  c l i f  f ~ l - ~ ! l l t  i n cor.1~>o::iti.c-,n and do 

not 217p.1 r t-.n rpp?-~.c;e:l.t ~?rown~d rrje r- i slant?:;. Tllcy shoi .~  t h a t  t - l ~ c t  shoa  1s 

l o c r 7 1 i z ~  ti-I(: fon:iati.on of major : ; hcn r  2 n d  prc:;sul-c cvcn t r ;  i n  t I l ( :  . ~ c c ,  w h i c h  i n  

t u r n  causc  ti:? fo~1aatirr i1 of 1inca: -  L r 2 l t s  of cl~fol~xcc? clnc? nrcjuntled i c e .  Toclay 

t;hc slloal:; aplrc<ar to lx? ~ n i  g r a t . l l ~ c j  uncle r the i n f l t l ~ n c e  of ice-but l rn :~ l  

i n t e r a c t i o n ,  at12 i n r l e e d  may h ~ v c  forrncd j n  rt:sporlse to i.r:e-bottom i .n tc : rac t jon  

within the ".stamuL:]li zone" .  T h e  s!?o;il.s r ~ i g 1 i : t c  r a t h e r  s l o w l y  a n d  r e t r a i n  t h c i . r  

shalx . s  ovc 1: ~ x r i n c ! s  of 25 ycarr: ,  y! t c0n t . l -o l  the 1.ocatioll ant1 sI.;!t,filize tht: 

c.llt.cr cdcjc c'lf :ht> :I o t ~ t i r ~ q  f a ~ t  i c c  z o n c ,  a n d  provi c ? t .  sl lel tc l-  f'or {:!it? i n n c r  



s h e l f  a n d  coast .  R e i m n i t z  e t  al. ( 1 9 7 7 b )  s u r m i s e d  t h a t  s i m i l a r  a r t i f i c i a l  

s t r u c t u r e s  migh t  be u s e d  t o  modify  t h e  i c e  environment on t h e  arctic s h e l f .  

L i n c a r  s h o a l s  n c c u r l n g  along the e a s t c r n  s e a b o a r d  of the U n i t e d  S t a t e s  

( F i e l d  a n d  D u a n c ,  1976) a r e  s i m i l a r  t o  those i n  t h e  P r u d h o e  Bay r e g i o n  i n  

t h r l i r  c j c n c r a l  s h a p e ,  . ? i zc ,  a n d  o r i c n t a t i n r ~  w i t h  r e s p c t  t o  t h e  c o a s t .  T h e - i r  

o r i . y i n  i s  s t i l l  u n d e r  q u e s t i o n ,  b u t  r e y a r d l e s s  of w h e t . h c r  t h e s e  s h o a l s  

o r i c j j . n a t e d  as  b a r r i e r  i s l a n d s  o r  a s  n c a r s h o r e  . shoa l . s ,  t h e  p r o c e s s r ? ~  a f f e c t i . n g  

t h c m  today 31-c very d i . f f e r e n t  from t h o s e  f o u n d  on t h e  Beaufor t  Sca S h e l f .  

U n d e r s t a n d i n g  t h e  n a t u r e  a n d  k h a v i o r  o f  E e a u f o r t  Sea s h o a l s  and  t h e i r  

i n t e r n c t i o n  wj.t .h t h e  i c e  r e g i m e  i s  funciarnt.nta1 t .o u n d e r s t a n d i n g  i c e  z o n a t i o n  

o n  t h e  D c n u f o r t  Sea S h e l f .  A : ; i rn j . la r  i r l t c r a c t i o n  between l i n e a r  .shoals, 

s t a r n n k l i i ,  and  g r o u n d e d  r i d c j c s ,  may c o n t r o l  ice z o n a t i o n  a l o n y  t h e  S i b e r i a n  

s l ~ c l f .  T h u s ,  t h e  s l 1 0 ~ 1 . s  a r e  of I - c g i o n a l .  r a t h c r  t h a n  l o c a l  s i c j r i i . f i c a n c e  a n d  

w a r r a n t .  c l o s e r  s t u d y .  

blodct-n bar r i -c r  j . s l a n d s  a l o n g  t.hc B e a u f o r t  Sca a r e  c-omposed o f  s a n d  2 n d  

g r a v e l . ,  cl n a t u r a l  r f s o u r c e  i n  h i g h  cicrnand f o r  o f f s h o r e  p c t r o l c u r n  c ? c v e l o p m e n t .  

I f  t h v  sho~il.:: undc. r c o n s i c i e r a t i i o n  we re i n d e e d  d r o w n e d  ha r r ic r  j - s l a n d s ,  a s  

su$rgested by I,cc?wellen (19771,  t h e y  n: . iyht  a l s o  c o n t a i n  va l -uahle  m a t c r l . a l s  f o r  

of f s h o r c  c o n s t r u c t i o n .  

For t . 1 ~  I-easons s t a t e d  abovc  we have made s p e c i a l  c f f n r t s  d u r i n r j  the 

l a s t  f e w  y e a r s  t.o 1 r a l . n  Inore a l ~ o u t  t11e l i n c ? a r  5hoal .s  of t h e  A r c t i c :  s h c l f ,  ancl 

i n  th.i .s  repor t  we I)]-escnt some of 01-11. d a t a .  

RECI.O~:AL .sI.:'I'":'Isc: nsr) ~::.,r;u>:r< rncc1:sses OF TI!E I,IP;,'EAR SHOAI,S --.- -----,-------- . --- 

Eq.igurc 1 i s  a c o n t o u r  nlap of t -he  a r e a  of l i n e a r  sllo;ilr; u n d e r  

i n v e s t i g a t i o n .  Thc  outer s h o a l ,  w t l i c h  we s u r v e y e d  f o r  tllc f i r s t  t i m e  i n  1977 ,  

is 1'5' f a r  t h e  l a r g e s t  - 17 km long. h7e w i l l .  r e f e r  t o  t h i s  h e r c a f t c r  a s  t h c  

S t a m u k h i  :;l~oal. Cat Sl loals ,  a 1 2  k ~ n  I .ong, h rnad ,  a n d  i1.l-dcf.i.neA s c t  o f  





d i s c o n t i u o u s  s h o a l s ,  forms a s o u t h e a s t w a r d  e x t e n s i o n  o f  S t a m u k h i  S h o a l .  

S e v e r a l  s m a l l e r  s l l o a l s  i n s h o r e  r a n y c  i n  l e n g t h  from 1 t o  7 km, The s h o a l s  a r e  

o n  t h e  average abou t  G m above t h e  s u r r o u d i n g  s e a  f l o o r  a n d  a re  t y p i c a l l y  

s t e c F r  o n  the landward s i d e  t h a n  o n  t h e  seaward s i d e .  

The f r e q u e n c y  a n d  i n t e n q i t y  of i ce  i n t e r a c t i o n  w i t h  thc s h o a l s  h a s  been  

r e f e r r e d  t o  hy R e i m n i t z ,  et al. ( 1 9 7 2 b ) ,  R e i m n i t z  a n d  B a r n e s  ( 1 9 7 4 ) ,  and 

Rei r r .n i t z ,  e t  al. ( 1 9 7 7 ) .  W i t h i n  t h e  area of f i g u r e  1 ,  l i n e a r  i c e  r i d y e  e l e m e n t s  

f o m . c d  by i c e  p r e s s u r e  and  s h e a r i n g  d u r i n g  t h e  w i n t e r  w e r e  shown t o  h a v e  a 

s t r i k i n g  c o r r e l a t i o n  with t h e  l i n e a r  s h o a l s .  T h i s  carrel-ation was u s e d  a s  

e v i d e n c e  t h a t  b o t h  i c e  d y n a m i c s  and  i c e  z o n a t i o n  i n  this r e g i o n  a re  perhaps 

c o n t r o l l e d  by g r o u n d i n g  d u r i n g  r i d g e  f o r m a t i o n .  A n a l a g o u s  c o n d i t i o n s  

a p p a r e n t l y  e x i s t  o n  the S i b e r i a n  s h e l f ,  where " h e a p s  o f  i c e "  ( s t a m u k h i )  f o r m  

o n  s h o a l s  along t h e  o u t e r  ecicje o f  t h e  f a s t  i c e  a n d  s h e ] - t e r  t h e  f a s t  i ce .  

These r e l a  t i o n s h i p s ,  n o t e d  i n  qcographi .cal ly  widely sepa r t c d  r e g i o n s ,  wc re 

r e c o g n i z e d  a s  h a v i n g  fundamcnta3. s i g n i f i c a n c e  f o r  i c e  z o n a t i o n ,  a n d  the term 

" s t a m u k h i  zone" was i n t r o d u c e d  ( R e i m n i t z ,  et al. 1 9 7 7 b ) .  E u t  when m a k i n g  

t h e i r  a n a l y s i s  t h o s e  a u t h o r s  dic? n o t  know of the e x i s t e n c e  of  a  major shoal.  

which  s e r v e s  a s  a s t r o n g  point b e t w e e n  C r o s s  I s l a n d  nnci S t r i . n g e r l s  ( 1 9 7 4 )  

" r i n g  of  g r o u n d e d  i c c "  o f f  H a r r i s o n  Bay,  which a l s o  i s  masked  by shoals. The 

newly  s u r v e y e d  s h o a l .  s e rves  a s  t h i s  m i s s i n g  l i n k .  The L a n d s a t  image of  e a r l y  

J u l y ,  1973, ( F i g .  2 )  t a k e n  f r o m  > e i m n i t z ,  e t  aL. ( 1 9 7 7 b ) ,  s h o w s  t h a t  thc n e w l y  

discovered S t a m u k h i  S h o a l  c o r r e l . a t e s  w i t h  a major  ice boundary .  T h i s  s h o a l  

sets t h e  s t age  f o r  the i c e  shea r  event-s  a c r o s s  I Ia r r i son  Bay. I t  causes f u r t h e r  

ice g r o u n d i ~ g  t h e r e ,  a n d  a l s o  p r o v i d e s  s h e l t e r  f o r  t h e  f o r r n a t i o n  of a s e c o n d  

0 

sheet of undeformed i c e  i n  t l a r r i son  Bay. T h i s  p r o c e s s  h a s  b e e n  d i s c u s s e d  by 

r e i m n i t z  c t  al. (1977b). The n o r t h e r n  tip of t h e  r e g i o n  of w h i t e - a p p a r i n g  i c e  

in f i g u r e  2,  i d e n t i f i e d  by S t r i n q c r  (19 '74)  a s  a hummock f i e l d ,  coincides w i t ) )  



Figure  2 .  Landsat  i m a g e  of e a r l y  July,1973,ice conditions. Stamukhi Shoal 
c o r r c s p n d s  with t h e  northeast boundary of the white appearing ice  
near  t h e  center o f  photo. 



the n o r t h e a s t e r n  tj p of S t a m u k h i  S h o a l .  Summer i ce  d i s t r i b u t i o n  is controlled 

by i c e  g r o u n d i n q  on  t h e  shoa1.s as w e l l .  W e  ccnnmonly observed t h i s  c l u r i n q  t h e  

n a v i y a t i n n  s e a s o n .  F i g u r e  4 i s  a  L a n d s a t  iniage of J u l y  25, 1977, s h o w i n g  how 

E t a r n u k l ~ i  Shoal acts as a cont ro l l . inq  e l - e m e n t  i n  t h e  c i i s t : r i h u t i o n  of summer 

i ce .  F i g u r e  3 i s  another  example reprcsentj .nq a photograph of t h e  radar screen 

of the H/V  Kil r luk  showing  Cott1.e I s l a n d  close o n  the right a n d  a l i n e a r  

accunulation of i c e  al.ong Loon S h o a l  ( d ~ s c r i . h c d  i n  t.he next section), and 

srnal.ler shoals i n s h o r e .  

A s  cxp?c t . ed ,  t h e  r i d ~ z s  a re  m a r k e d  by i n t e n s e  and  f r e q u e n t  r e w o r k i n g  a n d  

q o u q i n r j  c a u s e d  hy p h y s i c a l  a c t j . o n  of i cc .  An a h b r c v i a t : e d  list of observa t ions  

taken fro. a 1972 c ? i  ve o n  Loon Shoal will serve t o  demonstrate the importance 

of ice-relatcd processes .  The d i v i n g  t r a v e r s e  s t a r t e d  i n  the  f l a t  t r o u y h  

lanr1v:ard of t h e  ri.dg,:, a t  a w a t e r  dept:ll o f  14.5 rn ( s e e  ~:itlqc c r o s s - s e c t i o n  

t a k e n  on Si.mr:ad c!epth recorder  after the d i v e ) .  ?'lie bottom \:as s a n d ,  covered 

A 1972 S i n r n d  record  a l o n g  divine t r a v n r s o  on Loon Shoal  



Figure 3. A photograph of r a d a r  s c r een  on the R/V KARLUK as it passes just  
o f f s h o r e  of Cott le  I s l a n d .  Towards t h e  bottom is ice f ree  Simpson 
Lagoon w i t h  Beechy P o i n t  be ing  the bottom-most t a rge t .  Loon Shoal 
appears as a l i n e a r  series of t a r g e t s  uppermst i n  the photo.These 
targets are stamukhi grounded along the crest of t h e  shoal. 



F i g u r e  4 .  Landsat image of July 25,1977. Northwest end of Stamukhi Shoal i s  
Located by leadcr.  The trend of t h e  shoal  i s  c lose ly  followed by 
t h e  landward edge of ice. - 



by a t h i n  l a y e r  of o r g a n i c  ooze ,  a n d  t l lcre wcre s c v c r a l  o h s c u r t - ,  fast-wesf- 

t r e n d j n g  goucjc+s. A s  wc swam up t h c  Iee  s i d e  of the s h o a l ,  we n o t c t l  t h a t  t h e  

ooze d i s a p l ~ a r r r l ,  Ii surface of c l e a n  s a n d  was exposed which h a d  h e n  

e x t . r c r n ~ l  y cl i : ;L~~rI-e  (3 by cjouqi ng. Tiic t:rencl o f  thc g o u q e s  w a s  dumi nrintyly 

p a r a l l e l  t o  tllc t l - e n t l  of the r idc;~,  hut: they w e r e  c r i s s - c r o s r ; j n q  i n  i r r e g u l a r  

p a t t e r n s ,  and  sorne trendrd ~lps lope .  Sorne of  the y o u g e s  w e r e  m u l t i p l e  t y p e s ,  

a n d  rr.nrly yougcr, t c r m j n a t e d  t.1ithj.n thc  f i e l d  OF v i e w ,  showi.ng t h a t  g o u g e s  o n  

s t e e p  S ~ O P C S  B T C  s h o r t .  V e r t i c a l  r e l i e f  of youges measured up to 2 rn, 

w i d t l !  up t o  1 I! m ,  ant3 f l a n k ' ;  q e n e r a l . l y  s l o p e d  a t  the a n g l e  elf I-epo:;e of t h e  

s a n d .  Wavc- o r  current-pr-oducc: t l  l zdfonns  were s c a r c e  a n d  i l l  - & f i r l e d ,  a n d  

rij?;:)le s t r u c t u ~ : e s  g e n e r a l l y  were r e s t r i c t e d  t o  p a r t i c u l . a r  g o u g e s ,  o f t c n  

t ransverse  t o  tllc gouge  t r e n d .  1.17~: have  o b s c l - v ~ ( l  t h i s  i n  dive:; o n  o t h e r  

r i d y e s .  Only a few hottorn--cls~c-l.l.inq or-qanj.sms, i n c l u d i n g  i s o p o d s  and  

c u e l c : n t c r a t e s ,  wcrc? seen. ::hc)rt.ly clf t e r  w e  crosscicl  the  r j  tlcjc c t -cs t  t h ~  1-aycr  

of orr!anic ooze rcapjxarct3.  At. F i r s t  t h e  o o z e  c o v e r e d  on1.y t h c  qoucje t1-oucjh:i, 

but cis w e  dcsccnc?ed f u r t . h ~ : ~ -  i t  b l a n k e t r ~ d  t h e  e n t i r e  s u r f a c c ,  i r ~ c l u r i i n q  t h e  

c res t s  of f1 .a l :k i .n~  ri . t l i~c?s. PIP f e l t  n s h e l l y ,  g r a r7c l l y  s a n d  ,3t a1)nut. 1 0  cm 

below the sea  f l o o r .  Thp ntrmbi?r- of c jougcs  decrcasccl w i t h  water  cieptl~. Tit a 

del'th of 1 3  m, i r r c r j u l a r ,  blocky out:cro~r;  of ciarl;, sk j . f f ,  s l i . q l ! t l y  s a n d y  1:1ud 

prot-.rucl~til fr-onr t-.he sediment h l a n k e  t .  

The aSovc. o!:,scrva:.ion:; ( I . r , c l~!d i  r:g t h e  c l . e a~?  s a n d  b o t t o m  ) qcncra l1 .y  a p p l y  

to a l l .  of the c;}lo;il s landwil  rci  oi: t:hct S t a m o k h i  S1:n;il.. Due t o  c u l - ~ : e n t s ,  s u m m e r  

acc11mu7.nt ion of fin? s ed imcbn t  o n  the u p p ? r  p a r t  of t t i c  s h o a l s  .is less  t h a n  t h c  

a c c u m u l a t i o n  o n  t h c  l o w e r  f l . a n k s  a n d  a c ? j a c e n t  f l i ~ t .  l ~ n t t o n ,  Bottom-dwelling 

o r g a n i  s n l s  a r e  sciircc o n  thc ssnc?y s h o c l l s ,  t . h c r e f o r c  i.ce g o u g i n g  i s  t h e  

d o n i ~ > n n t  factor i r l  r c w o r k i ~ ~ g  tfic hot tom. T h i s  s n n  o f t c n  kc ol:;scr\yed i n  



p r o g r e s s .  I lowever,  t h e  gougt?s a r e  shor t  a n d  i r r egu l -a r  and  a re  c r i s s - c r o s s i n g .  

Non-cohes ive  sand l i e s  a t  the a n g l e  of r e p o s e ,  a n d  the g o u g e s  a r c  d i f f i c u l t  t o  

record with s i d e - s c a n  s o n a r .  A l s o ,  the a b s o l u t e  r a t e  of b o t t o m  r e w o r k i n g  by 

i c e  is not easily m o n i t o r e d  w i t - h  s i d e - s c a n  s o n a r  d u e  t o  t h e  p r e s e n c e  of 

s t a m u k h i  o n  t h e  s h o a l s  w h i c h  force  t h e  s h i p  t o  veer  f r o m  t h e  comparison base 

l i n e .  However,  t h e  l i n e a r  s h o a l  n o r t h  of Spy I s l a n d  ( F i g .  1 )  appears t o  kc 

w e l l  m a r k e d  by an e n t i r e l y  n e w  s e t  of g o u y c s  from y e a r  t o  y e a r ,  ( B a r n e s  et 

dl., 7978).  The d o m i n a n t  t r c n d s  of t h e  g o u g c s  reflect: t h e  s t e e r i n g  e f f e c t s  of 

t h e  s h o a l s  o n  i c e  d r i f t .  N o r t h  of t h e  l i n e a l :  s h o a l  seaward o f  Spy I s l a n t l ,  t h e  

d o m i n a n t  gouge t e n d  i s  WNW, w h i l e  s o u t h  of the s h o a l  i t  i s  WSW. 

A surnmclry of processes a c t i n g  a n  the l i n e a r  shoa l s  cannot :  be complete 

w i t h o u t  c o n s i d e r i n g  i c e - r a f t i n g  a s  a means  of s u p p L y i n g  new m a t e r i a l s .  

R e t a r d c d  d r i f t  o f  m e l t i n g  i c e  p r o v i d e s  a n  opt imum c o n d j . t i o n  f o r  t h e  

c o n c e n t r a t i o n  o f  i c e - r a f t e d  s e d i n l e n t s  ( K e i m n i t z  a n d  B a r n e s ,  1 9 7 4 ) .  T h i s  

c o n d i t i o n  p reva i l s  o n  t h e  s h o a l s  d u r i n g  summer a s  shown s c h t e m r i t i c a l l y  i n  

f i g u r e  5 .  The r idge  crests  w h i c h  a t t r a c t  i c e - r a f t e d  d e b r i s ,  s h o u l d  a l s o  kjc 

s i t e s  of e n h a n c e d  w i n n o w i n g  of s e d i r n c n t s  by i c e  c o n t a c t  a n d  c u r r e n t s ,  a x  

c m p a r e d  t o  the s u r r o u n d i n g  s e a  f l o o r .  Tile presence of c l e a n  s a n d ,  r a t h e r  

than g r a v e l ,  c a p p i n g  t h e  i n n e r  s h o a l s ,  t:onl.c~ s e e m  t o  ru le  o u t  i c e - r a f t i n g  a s  

a n  i m p o r t a n t  c o n t r i b u t o r  of s e d i m o n t  t o  t-hc s h o a l s  s incc  i c e - r a f t i n g  y e n e r a 1 l . y  

d e p o s i t s  a  w i d e  r a n n c  of  p a r t i c l e  s i z e s  i n c l u t l i n q  g r a v e l  and  cobbles. 

BATITYMET RY -- 
Loon Shoal The l o n g  s h o a l  about  8 km n o r t h  of C o t t l e  I s l a n d  i n  w a t e r  

13 m deep is cal led  Loon Shoal., after the U . 2 . G . S .  R/V Loon f r o m  w h i c h  t h e  

f i r s t  s t u d i e s  of t h e  s h o a l  w e r e  made s i n c c  1371. 

I l c t h o d s -  n a t h y m e t r i c  d a t a  f o r  Loon S h o a l  o b t a i n e d  by t h e  U.S.  Coas t  arid 

Geodetic Survey i n  1950-51 a n d  cmpi lcd  onto  C .  & G. S. Hydroqrr?j?hi.c S h e e t  





#7856, w e r e  c txnpared w i t h  data o b t a i n c d  i n  1976 by t h e  R/V K a r l u k .  Thc 1 9 5 0  

d a t a  wcr? controlled us ing a c m b i n n t : i o n  of S h o r a n  and  sextant fixes on s h o r e  

o b j e c t s ;  a c c u r a t e  to + 1 0 0  m. T h e  1376 d a t a  were c o n t r o l l e d  with a Kkl Norte 

r a n g o - r a n q r  n a v i g a t i o n  sy:;tem a c c u r a t e  t o  5 5 m.  B a t h y m e t r y  was  o b t a i n c d  w i t h  

a 1 0 0  kIIz narrow beam t r a n s d u c e r  c o u p l e d  w i t h  a Rzyt t rcon  R11' 1 0 0 0  depth 

recorder. B o t h  r e 1  K o r t e  l a n g e s  a n d  b a t h y m e t r y  were r e c o r d e d  o n  m a g n e t i c  tape 

simultaneously a t  1 0  t o  3 0  s e c o n d  intervals. The da ta  was  t h e n  p lo t t ed  hy 

ccxnputcr a t  t h e  same s c a l e  a n d  p r o j e c t i o n  a s  C .  & G. S.- I Iydrographic  s h e e t  

#705G.  W w r e  1976 tracklines coincidccl w i t h  1950  l i n c s  t h e  o r i g i n a l  1 9 5 0  

fa thograms w c r c  used t o  c o n s t r u c t  p r o f i l e s  for c o m p a r i s o n  w l t h  the  1976 p a p e r  

R a y t h e o n  r e c o r d s .  

Topogrri,nhy - 

F i g u r e  6 shows  1976 profi1.e:; of Loon S h o a l ,  keyed  t o  f i g u r e  1 by l e t t e r s  A '  

t h rouc jh  L ' .  P r o i ' i l e s  G '  a n d  K' coincide w i t h  1950  s u r v e y  l i n e s  and  for these 

the 1950 p r o f i - l e s  are shown as d a s h c d  l i n e s .  F i g u r e s  7 and 8 c o m p a r e  1 9 5 0  a n d  

1976 hathyrnct . ry  c o n t o u r c d  a t  1  rn i n t . t : r v a l s .  

Loorl S h o a l  i s  a 6.5  krn l o n g  l i n e a r  r i d q e ,  t . r e n d i n q  a p p r o x i m a t e l y  1 . 2 0 ~ ~ .  

It r.iscs 7 rn ahove t h e  sea floor neal- i t s  e a s t e r n  end ,  a n d  g r a d u a l l y  

d i m i n i s l - l e s  in height t o w a r d  t h e  w e s t .  It i s  al.so asymrr,tl-tyr.ica1. i n  cross 

s e c t i o n  w i t h  t h e  l a n d w a r d  s i d e  c h a r a c t e r i s t j . c a l l y  s t e e p e r  t h a n  t h e  s e a w a r d  

s i d e .  Profilcs I3' through K' al-so s 1 1 o w  s l i g h t l y  deeper water l andward  of t h e  

s h o a l  t h a n  t h a t  present a t  a n  e q u a l  d i s t a n c e  s c a w a r d  of t h e  s h o a l .  T h e s e  

c h a 2 - a c t c r i s t j . c s  a r c  opposite t o  t h e  c o n f i g u r a t i o n  o f  p r e s e n t  day b a r r i e r  

i s l a n d s  which  dl-c! s teeper  a n d  d c c p e r  on  their scawarci  s i d e s .  

The ,Pica f l o o r  l a n d r s a r d  of t h e  s h o a l  i s  q e n c r a l l y  s m o o t l l e r  t h a n  it  is  

s e a w a r d  of t he  s h o a l  and major  r e l i e f  f c a t u r c s  o c c u r  a l o n g  its crest. T h i s  

r e l i e f  i s  t h e  r e s u l t  of g r o u n d i n g  i c e .  
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Figure 6. Proflles of Loon Shoal. All pro f i l e s  were run  on calm days so t h a t  
micro-relief seen is real. Profile:, G'  and K t  are superimposed w i t h  . . 
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A c a m p a r i s o n  o f  t h e  t w o  bathyrnetric contour maps ( F i g s .  7 and 8 )  shows 

t h a t  d u r i n g  the l a s t  25 year.? changes  i n  t h e  s h o a l ' s  p o s i t i o n  a n d  

c o n f i g u r a t i o n  have 1 ~ ~ n  minor-. The f l a n k s  o f  t h e  s h o a l  c o i n c i d e  a l m o s t  

e x a c t l y  a l o n g  i t s  l e n g t h  a n d  t h e  a s y m m e t r y  of i t s  l o n g i t u d i r l a l  ancl a x i a l  cross 

s e c t i o n  has been p r e s e r v e d .  The cres t  o f  t h e  s h o a l  h a s  moved 3.antlward a t  

va r i ous  p o i n t s  a l o n g  i t s  l e n g t h  a n d  t h e  i s o l a t e d  h i g h s  n e a r  t h e  w e s t e r n  c n d  of 

t h e  s h o a l  h a v e  c h a n g e d  p o s i t j . o n  sliyhtly. The 8 rn a n d  9 m c o n t o u r  alnnq t h e  

c res t  of  the s h o a l ,  j u s t  t o  t h e  w e s t  o f  the s h o a l ' s  h i g h  p o i n t ,  have k e n  

ex tended  t o  the west about 1 krn, s u g g c s t i . n g  s i g n i f i c a n t  depositional. 

m o d i f i c a t i o n .  

W i g r a t i n n  of t h e  s h o a l ' s  c r e s t  i s  shown i n  f i g u r c  9. A t  all. p o i - n t s  

e x c e p t  a t  t h e  e x t r e m e  w e s t  e n d  of the s h o a l ,  t h e  c res t  h a s  c j t h e r  r c r n s i n e d  

s t a t i o n a r y  o r  migrated 1.andt:arci. P r o f i l e  K' shows  how the shoal cross ~ e c t i o n  

h a s  changed at t h e  p o i n t  of maximum m i g r a t i o n  - a p p r o x i m a t c 1 . y  200  rn. 

S t a m u k h i  Shoal. ---- 

Methods-  The r a t h e r  r a r e  o p p o r t u n i t y  t o  s u r v e y  t h e  r e g i o n  of S t a m u k h i  

Shoal p r e s e n t e d  i t s c 1 . f  i n  1977 ,  when t h e  a rea  became i c e  frcc. N a v i g a t i o n  was 

c o n t r o l l e d  hy D e l  Fo r t e  r a n g e - r a n g e  n a v i g a t i o n ,  and h a t h y m e t r y  was r e c o r d e d  

w i t h  t h e  same sys t em ur;ed f o r  Loon Shoa l .  The I r a y t h e o n  RTT 1 0 0 0  w;is u s e d  with 

a 7 kIIz t r a n s d u c e r  a s  a s u b - b o t t o m  p r o f i l e r .  S i .ncc  n o  comparnti \7i-  s t u d y  w i t h  

o l d e r  da t a  could k made, p o s i t i o n s  and d e p t h s  were plotted d i r e c t l y  o n  

1 :80 ,  000 sca le  c h a r t s .  

R e s u l t s -  S t a m u k h i  Shoal (Fig. 1 )  i s  the m o s t  s t r i k i n g  f e a t u r e  o n  t h e  -- 

s h e l f  betwccn Prudhoc  Bay a n d  B a r r o w .  I t s  s h a p e  i s  somewhat d i f f e r e n t  f r o x  

t h a t  of Loon S h o a l  i n  that i t s  highest part i s  on the w e s t e r n ,  r a t h e r  t h a n  on 

t h e  e a s t e r n ,  e n d .  Here i t  s t a n d s  a b o u t  1 0  m a b o v e  t h e  .surroundi .ncj  s e a  f l o o r .  

Inshore of S t a m u k h i  S h o a l  i s  a b r o a d ,  l a g o o n - l i k e  depress ion ,  t h a t  e x t e n d s  









seaward as  a n a r r o w  arm t h r o u g h  t)lr gap between S t a m u k h i  Shoal. a n d  C a t  S h o a l s .  

P l o t t i n g  oi a d d i t i o n a l  h a t h y m e t r y  s u r r o u n d i n g  S ta rnukhi  S h o a l  will 1 s  c o m p l e t e d  

a t  a later d a t e .  

A s e r i c r :  of b a t h y m c t r i c  a n d  s u b - b o t t o m  p r o f i l e s  ( v e r t i c a l  h a t c h  m a r k s )  

of S ta rnukhi  Shoal is shown j n f i g u r e  10 .  A s  a t  Loon S t ~ o a l ,  t h c s c  p r o f i l e s  a r c  

keyed t o  f i g u r e  1 by l e t t c r s .  I t  shou1.d be no ted  t h a t  p r o f i . 1 . e ~  I' a n d  J '  w c r e  

r u n  on a day w i t h  r o u g h  s ea s  a n d  t h e r e f o r e  t h e  a p p a r e n t  m i c r o r e l i e f  i.s due 

p a r t l y  t o  v e r t i c a l  m o t i o n  of t h e  s h i - p .  

The h i g h e s t  a n d  s t e e p e s t  r e l i e f  i s  s e e n  i n  p r o f i - l e  C ' ,  where  t h e  l e e w a r d  

s i d e  j.s much s t c a p e r  t h a n  t h e  s e a w a r d  s i d e .  Such  s t eep  l a n d w a r d  asymnle t ry  i s  

s e e n  j n  s e v e r a l  o t h e r  p r o f i l e s ,  b u t  i n  o t h e r  cases it i s  l e s s  p r o n o u n c e d ,  a n d  

i n  s t i l l  o t h c r  p r o f i l e s  a seaward asymmetry i s  n o t e d .  33ot.h e n d s  o f  t h e  shoal  

t e r m i n a t e  r a t h e r  a b r u p t l - y .  A t  t h e  n o r t h w e s t e r n  e n d ,  t h e  s h o a l  s u d d e n l y  

b i f u r c a t t : ~  i r i t o  t h r e ~  distinct arms. I t  i s  n o t e w o r t h y  t h a t  a l o n g  tlrc l e n g t h  

of t h e  s h o a l  marked  d i f f e r e n c e s  i n  p r o f i l e s  o c c u r  o v e r  s h o r t  d i s t a n c e s ,  a n d  

when vicwcd a s  a  whole it aplxar-s t o  1-e r a t h e r  i r r e g u l a r  and  w i n d i  nq.  

P r o f i l e s  A '  t h r o u g h  H '  w e r e  t a k e n  i . n  a calm s e a  a n d  show v e r y  p r o n o u n c e d  

i c e  g o u g i n g  w i t h  e x t r e m e l y  j a g q e d  m i c r o r e l i e f  seaward o f  t h e  crest. a n d  a 

r a t h e r  srnooth b o t t o m  o n  the l a n d w a r d  s i d e .  

SEDIMEN'I'S 

C e r t a i n  t e x t u r a l  parameters of  s u r f i c i a l  s e d i m e n t s  f r o m  thc r e g i o n  undcr 

s t u d y  havc k e n  m a p ~ x d  by B a r n e s  a n d  R c i m n i t z ,  1974 .  However,  these p a t t e r n s  

show only r e g i o n a l  t r e n d s ,  a n d  d o  n o t  a d e q u a t e l y  p o r t r a y  d e t a i l s  o f  s e d i m e n t  

d i s t r i b u t i o n  a r o u n d  t h e  shoa l s .  ~ l s o ,  a d d i t i o n a l  d a t a  h a s  b e e n  c o l l e c t e d  i n  

t h e  s h o a l  a r e a  since t h a t  time. S a m p l i n g  and o b s e r v a t i o n  s t a t i o n s  i n  t h e  

study area  a r e  shown i n  f i g u r e  1 1 .  The s t a t i o n s  represent s u r f a c e  grabs ,  

v i b r o c o r e s ,  a n d  s e d i m e n t  o b s e r v a t i o n s  from d i v e  t r a v c r s e s .  D e t a i l s  of o n e  
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Figure 10. P r o f i l e s  of Starnuhki Shoal with sub-bottom shown as  v e r t i c a l  hatches.  
P r o f l i c s  1 and J were  run w i t h  rough seas  giving apparent  micro-rel ief .  
T'lc otlic?r profiles show i c e  gouqlny ,and show t h e  shoal as a boundary 
fo r  ice processes. 



d i v e  ( D i v e  s i t e  # 7 6 - 1 8 ) w e r e  g i v e n  by R e i m n i t z  a n d  T?oi.mil ( 1 9 7 7 ) .  The d i v i n g  

i n v e s t i g a t i o n s  d e m o n s t r a t e  t h a t  o v e r  much o f  t h e  a r e a  g e n e r a l i z a t i o n s  o n  

s e d i m e n t  t y p e s  c a n n o t  be made b e c a u s e  o f  e x t r e m e ,  s h o r t - d i s t a n c e  v a r i a t i o n s .  

The areas  where  s u c h  v a r i a t i o n s  o c c u r  a re  m a p p d  i n  f i g u r e  11  a s  " v a r i a b l e " .  

T h i s  a r ea  lies s e a w a r d  o f  Loor, S h o a l  a n d  e x t e n d s  o u t  t h r o u g h  t h e  r e g i o n  of t h e  

C a t  S h o a l s .  A l l  t h e  l i n e a r  s h o a l s  l a n d w a r d  of Loon S h o a l  are made u p  of w e l l  

s o r t e d ,  medium-gra ined  s a n d .  This s a n d  s e e m s  t o  c o v e r  t h e  i n t e r v e n i n g  a r e a s ,  

e x c e p t  f o r  a n a r r o w  band  of mud a l o n g  t h e  l e e w a r d  s i d e  of Loon S h o a l .  The 

s e a w a r d  t o e  of  Loon S h o a l ,  b e l o w  a  depth of 11.5 m, i s  u n d e r l a i n  by p h b l y  

s a n d  with s h e l l s ,  a s  s e e n  a t  t h r e e  l o c a t i o n s  a l o n g  the l e n g t h  o f  t h e  s h o a l .  

Landward of t h e  1 0  m i s o b a t h ,  t h e  b o t t o m  d e p o s i t s  c o n s i s t  o f  c l a y e y ,  s a n d y  

silt, shown here a s  s a n d y  mud. 

An a t t e m p t  t o  c o m p i l e  a  g e n e r a l i z e d  sediment p r o f i l e  f r o m  t w o  d i v i n g  

t r a v e r s e s  i n  t h e  C a t  S h o a l s  a r e a  i s  shown in t h e  f o l l o w i n g  s k e t c h :  I 

) ' P . @ O ; ~ , m ; i - ~ ~ ; -  0 

f '""-O 
sand o o c t  arcaud 

J 
Two d i v i n g  t r a v e r s e s  c o v e r  s m a l l  p o r t i o n s  of S t a m u k h i  S h o a l  a n d  o u r  

knowledge  of  t h i s  s h o a l  i s  t h e r e f o r e  very s k e t c h y .  We f o u n d  h i g h l y  d i f f e r i n g  

s e d i m e n t  t y p e s  o n  t h e s e  d i v e s :  n e a r  t h e  center  of t h e  s h o a l  t h e  c r e s t  was 

c a p p e d  w i t h  c l e a n  g r a v e l ,  b u t  n e a r  t h e  eas tern  e n d  we f o u n d  both s a n d  a n d  

g r a v e  1. 

O u t c r o p s  of o l d e r  s e d i m e n t s  w e r e  s e e n  o n  t w o  d i v e s  i n  t h e  a r e a  o f  h i g h l y  

v a r i a b l e  sediments ( F i g .  1 1 ) .  One of t h e s e  o u t c r o p s ,  a t  t h e  s e a w a r d  t o e  o f  

Loon S h o a l ,  c o n s i s t e d  of  a n g u l a r  b l o c k y  o u t c r o p s  of very d a r k ,  o v e r -  



S ~ g u r e  11. Y i s a t i o n  of s t a t i o n s  i n  Ule shoal area and ioferrcd s r d l w n t  d i z t r i b u t i o n .  



c o n s o l i d a t e d ,  s l i g h t l y  sandy  mud i n  v a r i o u s  stagcs of d i s i n t e g r a t i o n  due t o  

burrowing.  T h i s  m a t e r i a l  c o n t a i n e d  mar ine  p e l e c y p o d s  (Se r r ipes  Groen land i  cus 

and  A s t a r t e l ,  a n d  h a s  a C I 4  age of 11 ,280  y e a r s  9 8 0  y e a r s  B.P.  (whole  sample 

date). O n  t h e  l ee  slope of C a t  S h o a l s ,  (marked by a  d i v e  t r a v e r s e  symbol i n  

F ig .  1 I ) ,  we f o u n d  a  p a r t - l y  cemented ,  r u s t - c o l o r e d ,  s l i g h t l y  s a n d y  gravel 

c r o p p i n g  o u t  i n  s m a l l  p a t c h e s  wh ich  were e l o n g a t e d  i n  t h e  n o r t h - s o u t h  

d i r e c t i o n .  These p a t c h e s  were  a b o u t  ' .5  m across and one  t o  s e v e r a l  meters 

l o n g .  B e a t i  nq on t h e  s u r f a c e  with a l e a d  w e i g h t  produced a  s h a r p  sound  b u t  d i d  

n o t  d e n t  t h e  m a t e r i a l .  

SEISF: TC 1.1RYLECTION E'ROFI1,ES - 

Over t h e  y e a r s  a v a r i e t y  o f  suh-bot tom p r o f i l i n g  s y s t e m s  have  h e n  u s e d  

i n  t h e  s t u d y  a r e a .  I n  t h i s  s t u d y  t h e  RTT 1 0 0 0 ,  o p e r a t e d  a t  a f r e q u e n c y  of 

7 kl-lz, p r o v i d e d  p e n e t r a t i o n  s u f f i c i e n t  t o  t r a c e  t h e  shallowzst sub-hottorn 

r e f l e c t o r s  throucjh t h e  a r e a  of t.he s h o a l s .  The g e n e r a l  area i s  m a n t l e d  by 

o n l y  5 t o  1 0  m  of Holocene marine s e d i m e n t s  w i t h  some "windows" which expose 

u n d e r l y i n g  d c p o s i t s  o f  t h e  Quaternary Gubic  Forma t ion  ( R e i m n i t z ,  e t  al., 

1972a).  The f a c t  t h a t  t h e  l i n e a r  s h o a l s  a r e  marked by a n  upward t h i c k e n i n g  o f  

t h e  s u r f i c i a l  u n j . t  resting on  a  f l a t - l y i n g  base i s  of i m p o r t a n c e  t o  tE1i.s sudy.  

I n  t h e  case of Loon S h o a l  and s h o a l s  l-andward of  Loon S h o a l ,  t h i s  hase i s  

probably a n  o l d  land s u r f a c e  marked w i t h  c h a n n e l - l i k c  f e a t u r e s .  The sub- 

bottom p r o f i l e s  f o r  S tamukhi  S h o a l  ( P i g ,  1 0 )  show t h a t  a f l a t  s u r f a c e  e x t e n d s  

below t h e  s h o a l  f o r  i t s  e n t i r e  l e n g t h .  Last y e a r ' s  r e c o r d s  extend f a r  out 

onto the s h e l f  and i n d i c a t e  t h a t  S tamukhi  S h o a l  and C a t  Shoals s i t  on a 

d i f f e r e n t  unit t h a n  Loon S h o a l  and  s h o a l s  landward  o f  Loon Shoal. More work 

i s  required t o  u n d e r s t a n d  t h e  d e t a i l s  o f  t h i s  r e l a t i o n s h i p .  



INTERPRETATION A N D  CONCLUSIONS -- .- 

The i n i t i a l .  t h o u g h t s  of a m a r i n e  gcolorj is t  c n n t e m p l . a t i n g  t h e  o r i g i n  of t h e  

linear s h o a l s  ~ r o u l d  be attempts t o  l i n k  p r t i n e n t  d a t a  t o  a history o f  

s u b m e r g e n c e  of barrier i s l a n d s  o r  o f f s h o r e  bars d u r i n g  t h e  l a s t  t r a n s g r e s s i o n .  

But s c i e n t i s t s  f a m i l i a r  with t h e  tremendous f o r c e s  i n v o l v e d  i n  m o v i n g  f i e l d s  

of pack i c e ,  and t h e  b u l l d o z i n g  and s c r a p i n g  a c t i o n  of s u c h  i ce ,  w i l l .  f i n d  it 

i n c m p r e h c n s i h l e  t h a t  a l i n e a r  t o p o q r a p l ~ i c  h i g h  c o u l d  s u r v i v e  u n d e r  t h e s e  

c o n d i t i o n s  for t h o u s a n d s  of yca r s .  

F i g u r e  1 2  shows a p r o f i l c  across Simpson  Lagoon and  a b a r r i c r  i s l a n d  a n d  

s e a w a r d  a c r o s s  Loon Shoal, t o  ccnnpare a t - y p i c a l  modcrn  h a r r i e r  i s l a n d  with one  

of t h e  l i n e a r  s h o a l s .  Here, Loon S h o a l  s t a n d s  n e a r l y  t w i c e  a s  h i g h  ahove t h e  

l andward  shelf surfacc than the b a r r i e r  i s l a n d  s t n n c l s  a b o v e  t h e  ad jacen t  

l a g o o n .  Ar lo the l r  t l i f f e r e n c e  i s  s c c n  i n  t l ~ c  d e t a i l c d  p r o f i l e s  of Loon Shoal. i n  

f i g u r e  6. These p r o f i l e s  a r e  : !encra l ly  :;kewed lanclivard, wheren:; t h e  rnocler~-I 

b a r r i e r  i s l a n d s  a r e  s k c w e t l  s e a w a r d .  The three-dimensional aspects a l s o  show 

c o n s i c l c r a b l e  d i f f c r c n c c s .  The c r e s t  of Starnu1;hi Sllclal i s  s i n u o l ~ s  and 

d i s c o n t i n u o u s ,  u n l - i k e  t h e  l i n e a r  a rched  s h a p  s o f  t y p i c a l  modern b a r r i e r  

islands. 

These  c i i f f c r e n c e s  c o u l d  be expl .a i .ncd  by the modern  i c e  p r o c e s s e s  w h i c h  

arc now a c t i n g  o n  t-he shoa l s .  I ' r o f i l e s  i n  f i g u r e  6 ,  C,' a n d  K '  show t h a t  t h e  

t e n d e n c y  t h r o u g h  time may bc toward s t e a j e n i n g  the l a n d w a r d  s i d e  of the shoa l . .  

T h i s  p r o c e s s  i s  accomplished by r e n ~ o v n l  o f  s c d i ~ n c n t  f r o m  t h e  seaward s i d e  o f  

t h e  s h o a l  and d e p o s i t i o n  of t h e  s e d i m e n t  o n  the landward s i d e .  The shoal., 

when viewed a s  a  whci lc ,  h a s  n o t  m e a s u r a b l y  miqrafrcd landward i n  the l a s t  25 

years b u t  a p p a r r :  t o  have o n l y  been s t c c r c n e d  o n  i t s  landward s i d e .  T h i s  

i n d i c a t e s  t h a t  the d i f f e r e n c e  i n  symmetry h e t w e e n  t h e  p r e s e n t  day b a r r i e r s  a n d  



Figure 12.-  Comparative p r c f i e l  of a  modern ba r r i e r  i s l and  and lagoon 
and one of the l i n e a r  shoals. The greater height of the shoal, which 
shou3.d be under the  levelling action of i c e ,  i s  notable. 



the shotil:; can  k ex~)lainc?d by the- o h l i q u c l y  ].andward bull(-lo;..j.ng a c t i o n  of 

modern i.ce. L!ul.ldozinq a c t i o n  o f  j.ce a l o n g  t . 1 1 ~  cres t  of the s h o a l s  can also 

e x p l a i r ~  t h e i r  p r e s e n t - - d a y  s i n u o u s ,  c i i s c o r i t i . n u o u s  c r e s t .  

The cl.c!an s a n d  of Loon  Shoal. a n d  o t h e r  shoals I.an8warcl of Loon Shoal 

contrasts shr- l lply wit.)] sanciy  gravel.^ f o u n d  on  a d  jac~ntr.  b a r r i e r  i s l . a n d s  a n d  

k a c h e s  a n d  o n  A r c t i c  b a r r i e r  i s l a n d s  i n  cjencrdl. The co:npo.s i t ion o f  S t a m u k h i  

and C a t  S h o a l s ,  o n  the o t h e r  h a n d ,  i s  not c1. i . ss jmi . l .ar  to tllat of rnot'inrn barrier 

i s l . a n d s  and t h e r e  a case f o r  s i m i l a r '  o r i g i n  c o u l d  ?x made. Our rldw :;ei.snlic 

d a t a  i n d i . c a t e  that the u n i t s  on whjc t l  Loon a n d  S t a m l ~ k l l i  S h o a l s  s i t  a r c  

di.f ferent and alloiq To?- s h o ~ i l  co~~.c ; : l -uc t i c )n  f rnnl m a t e r i a l s  available on  the 

ad jacen t  s h e l f  s u r f a c e ,  by similar processes w i t h  d i f f e r e n t  r e s u l t s .  

A l l  ava j  l .a l>le  e v i c l c r ~ c e  i n t l i c a t c s  t h e  l i n e a r  shoals are .  d e p o s i t . i . n n a 1  

fcat.ur:es. All o b s e r v a i - . i o n s  made r e g n r d i n c j  n~ocle r1.i 1,roccssct s of tht?  Alrct-ic 

suggest t h a t  a n y t h i n g  w h i c h  s t a r i d s  above the g c n e r n l  shelf surf 'ace wi1.l be 

planed o f f  h y  t h e  a c t i o n  o f  i c e .  Even gently s l o p i n g ,  y c n c r a . l l y  f l a t  s u r f a c e s  

of t h e  i n n c r  s1:elf al-e r e w o r k e d  by ice a t  a ra te  of o n c e  c v e r y  5 0  t o  8 0  years. 

The a c t i o n  or i c e  i s  f o c u s s e d  o n  the h i g h  pi-~.ink:;, so t l l i l t  i c e  dynarnios ,  a n d  

even t h e  o v e r a l l  ice zcr-li3t.ian of the s l ~ e l f ,  a p p e a r  t o  hc cant-rolled by thc 

shoals .  A s  R e i m n i t z ,  et a l . ,  ( 1 9 7 7 2 ) ) ,  p o i n t c d  o i l t ,  a l a r q c  p o r t i o n  of t-hc 

available m a r i n e  e n f r r j y  i s  c x p c n d c d  o n  the sca  f l o o r  w i t - h i n  tlic s t -arnukhi  z o n e  

all .  d u r i n g  the y c a r .  Li.ni.nr shoals, 1i.h t . 1 ~ :  ncwly  founct S t a r n u k l ~ i  Shoa l  I.yincj 

w i t h i n  t h a t  %one, c e r t a i n l y  t -akc t!lr b r u n t .  of i c e  a c t i o n .  

I n  v i . e w  of the above,  i t  i s  d i f f i c u l t  to L x l i c v e  t ha t  t h e  li.nc:ar s h o a l s  

a r c  drowncd b a r r i e r  i s l . a n d s  t h a t  hs t rc  s u r v i v c t l  s ince  s u b ~ ~ c r g e n c e  . T h c ~ t 7  j .s 

n o t  much chance f o r  s u l - v i v a 1  of s u c h  s e d i m e n t  pi.l.es ovcr  t h o u s n n d s  of y e a r s  

when su1)jectcd t o  ice proccsscs a s  wc? ~ ~ n c i e r s t ~ ~ n d  t-hem today. I lowcvcr ,  t.11.j.s 

p o s s i l i 1 i t ; y  hd:; not  y ~ l :  h c e n  dis1)l:ovcn. Ac p r c - v i o l ~ s l y  r e p o r t e d  ( R c i m n i . t z ,  e t  



al., 1 9 7 7 b ) ,  a n d  sul,portcd by d a t a  i n  t h i s  r e p o r t ,  t h e  s h o a l s  a re  n o t  stagnnnt 

features. ?'he s h e l l . y ,  g r a v e l l y  sand fourld a t  the  seaward t o e  a l o n y  the 3.cngl.h 

of Loan Shoa l . ,  s u p p o r t s  o n s h o r e  rn i9 ra t . j -on .  Bc h l i e v e  t . h a t  ice-1:cI.ated 

p r o c e s s e s  may h;tvc c n u s ~ r l  cons t r u c : t i o n  of the I i . n e a r  s h o a l s ,  b u t  s ~ ~ c f i  

p r o c e s s e s  a r e  n o t  u n d e r s t o o c l .  Le sti.11 acjree w i t h  a p l - c v i o u s  s t a t c r n e n t  

( R e i n 1 n j . t ~ ~  e t  d l . ,  1977b)  t h a t  f u t u r e  s t u d i o s .  w i l l  h a v e  t o  show , w h e t h e r  s u c h  

shoals  form by: ( a )  the b u l l d o z i n g  a c t i o n  o f  i ce  d u r i n g  one o r  several major 

e v e n t s ,  ( b )  t h e  c u m u l a t i v e  effects of s e v e r a l  t h o u s a n d  y c a r s  of ice pus11 by 

g r o u n d e d  ice r i d g e s  a l o n g  t h e  edge of tl-lc P a c i f i . c  G y r e ,  ( c )  w i n t . c r  cur rcn t . s  

k i n g  c h a n n e l e d  a l o n g  major rj.dgc s y s t e m s  w h i c h  t e n d  t o  c o n c c n t : r a t e  a t l a i l a b l c  

s e d i m e n t s  i r i to  s a n d  ( o r  g r a v e l )  r i . d g e s ,  or ( d )  w h e t h e r  s e v e r a l  o f  t h e s e  

processes a c t  togcthcr  t o  fom the shoa l s .  

F i g u r e  13  p r e s e n t s  a r e g i o n a l  v i e w  of t h e  E c a u f o r t  Sea  ~1 ic I . f  from 

Prudhoc Ray t o  P o i n t  Bar row.  A l l .  i s o l a t e d  s h o a l s  seaward o f  t h e  i l  m ( G  f m )  

i s o b a t l l  arc? c i r c l e d .  The newly  s u r v e y e d  S ta rnukhi  S h o a l  l i e s  w h c r c  n o  major 

s h o a l  i s  c h a r t e d .  Dur ing t h e  cnl iscs  o f  the  C o a s t  Guard Cutter Gl .ac . i c r ,  

several of t h e  s11onl.s i . n d i c a t e d  o n  figure 1 3  wer-e crc),+scd bu t  n o t  f o u n d  (pcrs. 

c m m u n . ,  Peter- n a r i l e s  1. We p r c s e n t : l y  d o  n o t  s u s p e c t  that new shoa1.s  l i k e  

S t a m u k h i  Shoal  have  h e n  f o r m e d  c i u r i n q  h i s t o r i c a l  times, b u t  ra t ; ] -~t?r  we s u s p c c t  

t h e  a c c u r a c y  of o u r  c11arts. T h u s  t h e  s c a t - t c r i n g  of sl-in;lls a l . o n q  t1:c S t a m u k h i  

zonc from Cross I s l a n d  t o  F o i n t  E a r r o w  o n l y  i n d i c a t e s  t h a t  numerous s h o a l s  

o c c u r  i n  t h c  z o n e  b u t  t h a t  t h e i r  t r u e  p o s i t i o n s  a n d  o r i e n t a t i o n s  are 

u n d e t - e r m i n e d  i n  m o s t  cases. I t  moy bc t h a t  many more s h o a l s  c x i s t . ,  and w e  

be l ieve  t h a t  d e t a i l e d  s u r v e y s  w o u l d  show t-hc s h o a l s  t o  ke. more l i n e a r ,  a n d  

g e n e r a l l y  o r i c n t e d  p a r a l l e l  t o  t h c  coast .  

Las t  summer i c e - f r e e  c o n d i t i o n s  a l1 ,owcd u s  t o  r u n  s u r v e y s  f a r  o u t  t o  sea  

NE of C r o s s  I s l a n d ,  and w e  f o u n d  n o  s h o a l s .  T h i s  lack o f  shoals u ~ l - d r i f t  o f  





major promontories agrees  with the concepts o n  i c e  dynamics and zonation 

proposed prev ious ly .  We bel ieve  t h a t  d e t a i l e d  work west of D a r t e r  I s l a n d  a n d  

H e r s c h e l  I s l a n d  m y  well  show Linear  s h o a l s ,  h u t  we d o  no t  a n t i c i p a t e  the  

existence of s u c h  shoals u p d r i f t  from tlifse promontories.  T h e  concept of 

l i n e a r  s h o a l s  forming i n  response to i ce - re l a t ed  processes seems t o  hold f o r  

the A l a s k a n  C'ilukchi coast  a s  well. There the general i c e  d r i f t  d i r e c t i o n  i s  

sou thward ,  and shoa l s  occur ,  f o r  exarnpl.e, sou t l i  of t h e  Illusson S h o a l  regj .on 

hut none a m  f o u n d  updrift. 

IVc 2 ~ l j e v c  t -hat  shoals similar t o  thosc investigatyed here w i l l  p lay  a n  

i m p o r t a n t  ro1.c i n  the future o f f s h o ~ e  d ~ v e l o p r ~ i ~ n t .  of the.  A r c t i c ,  but w e  a r e  

s t i l l  f a r  from understanding the d e t a i . 1 ~  of t h e  i n t e r a c t i o n  of s h o a l s  wi th  

ACI3,'OWTJliD GK!? PI?' 

This s t u d y  was supportctl hy t h e  Dureau  of Land Managcincnt t h r o u y h  i n t e r -  

agency agrccmer~t with the N a t i o n a l  Oceanic a n d  A t m o s p h e r i c  Adminis t ra t ion ,  

u n d e r  which n m u l t i - y e a r  progr~ln: rcsponcling tc? nced:; of pe t ro lcum dcvr- l lo~~z~cnt ;  

of t-he A l a s k a n  c o n t i n e n t a l  shelf i s  managed by t h ~  O u t c r  Con t inen ta l  S1ieJ.f 

Envi  ronmen'ial. Asscsslnent PI-ogran (OCSI::iP) O f f  i c e .  
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