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INTRODUCTION 

During September ,  1978 t h e  R/V KARLUK was used  i n  a s y s t e m a t i c  s u r v e y  o f  

t h e  s i z e  and c o n f i g u r a t i o n  o f  t h e  "Boulder  Pa tch"  i n  S t e f a n s s o n  Sound,a unique  

t y p e  of s e a  f l o o r  w i t h i n  t h e  B e a u f o r t  Sea s h e l f  a r e a  be tween Cape H a l k e t t  a n d  

Flaxman I s l a n d .  The Boulde r  Pa tch  is c h a r a c t e r i z e d  by a s u r f a c e  v e n e e r  o f  

p e b b l e s ,  c o b b l e s ,  and b o u l d e r s ,  up t o  2 m i n  d i a m e t e r ,  and supports a  r i c h  a n d  

v a r i e d  h e n t h i c  canmunity.  

R e c o g n i t i o n  of t h e  f a c t  t h a t  t h e  Bou lde r  P a t c h  r e p r e s e n t s  a  unique 

b i o l o g i c a l  e n v i r o n m e n t ,  l a r g e l y  p r o t e c t e d  from t h e  f o r c e s  of t h e  i c e ,  

c h a r a c t e r i z e d  by v e r y  s l o w  r a t e s  o f  d e p o s i t i o n ,  and c o n t a i n i n g  a s u i t a b l e  

s u b s t r a t e  for b e n t h i c  o rgan i sms ,  h a s  l e d  t o  t h e  p o s s i b i l i t y  o f  p r o v i d i n g  

s p e c i a l  p r o t e c t i o n  f o r  t h i s  a r e a .  A m a r i n e  b i o l q i c a l  r e s e a r c h  p r o j e c t  

i n i t i a t e d  i n  1978, i s  making a  comprehens ive  s t u d y  o f  t h e  mar ine  f a u n a  and  

f a u n a  and f l o r a  i n  s e v e r a l  l o c a t i o n s  w i t h i n  t h e  Bou lde r  patch. 

The p r e s e n c e  of t h e  Boulder  Pa tch  w i t h  a r i c h  mar ine  fauna was o r i g i n a l l y  

e s t a b l i s h e d  on t h e  b a s i s  of s u r f a c e  samples c o l l e c t e d  i n  1971 and 1972,  

f o l l o w e d  by t h r e e  d i v i n g  t r a v e r s e s .  During t h e  summer o f  1973 t h e  R/V LOON, 

e q u i p p e d  w i t h  s i d e - s c a n n i n g  s o n a r  and subbot tom p r o f i l i n g  equipment ,  was used  

i n  a n  a t t e m p t  t o  d e f i n e  t h e  e x t e n t  o f  t h e  Bou lde r  P a t c h .  T h i s  a t t e m p t  was 

u n s u c c e s s f u l  due t o  poor d e t e c t i o n  o f  b o u l d e r s  on t h e  s o n a r .  Resea rch  

c o n t i n u e d  i n  1976 when s e v e r a l  v i b r a c o r e s  were t a k e n  in t h e  v i c i n i t y ,  one o f  

which was i n  t h e  midd le  of  a n  area known t o  c o n t a i n  b o u l d e r s .  A l so ,  a n  

a d d i t i o n a l  SCUBA d i v e  was made i n  t h i s  a r e a .  I n  t h e  summer of 1978 t h e  R/V 

KARLUK made a s y s t e m a t i c  survey of t h e  Bou lde r  P a t c h  and found t h a t  it was 

r e l a t i v e l y  f r e e  o f  ice. 
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I n  t h i s  r e p o r t  a l l  a v a i l a b l e  d a t a  from p r e v i o u s  y e a r s  a n d  t h a t  obtained 

i n  1978 have been compi led  and a n a l y z e d .  The report a l s o  c o n t a i n s  a s h o r t  

d i s c u s s i o n  on t h e  o r i g i n  o f  t h e  Bou lde r  P a t c h ,  p o s s i h l ~  l o c a t i o n s  of s i m i l a r  

p a t c h e s  of b o u l d e r s ,  i n f o m a t i o n  a b o u t  p r e s e n t  and p a s t  i c e  r a f t i n g ,  and  

e v i d e n c e  from t h e  Bou lde r  Pa tch  i n d i c a t i n g  t h e  absence of  modern s e d i m e n t  

d e p o s i t i o n  a c r o s s  t h e  S a g a v a n i r k t o k  De l t a  f r o n t .  

METHODS 

S t a t i o n  l o c a t i o n s  and s u r v e y  t r a c k s  p e r t i n e n t  t o  t h i s  s t u d y  a r e  shown i n  

F i g u r e  1. The l egend  i d e n t i f i e s  t y p e s  o f  survey equipnent o p e r a t e d  along t h e  

i n d i v i d u a l  t r a v e r s e s .  The equipment i n c l u d e s :  s i d e - s c a n n i n g  s o n a r ,  t h e  

Raytheon RTT-1000 sys t em w i t h  b o t h  a 200 kHz narrow-beam t r a n s d u c e r  f o r  

ba thymet ry  and a  7 kHz t r a n s d u c e r  f o r  s u b b o t t a n  i n f o r m a t i o n ,  a Uniboom 

subbot tom p r o f i l i n g  system, and a  S imrad " P a r t n e r  Sounder"  o p e r a t i n g  a t  38 

kHz.* The e s s e n t i a l  e l e m e n t s  of t h e  t r a c k l t n e  survey and l o c a t i o n  o f  

v i b r a c o r i n g  s t a t i o n s  were c o n t r o l l e d  w i t h  a  Del  Nor t e  t r i s p o n d e r  sys tem f o r  

n a v i g a t i o n ,  and t h e  f i x e s  a r e  a c c u r a t e  t o  w i t h i n  5 5 m. S u r f a c e  s e d i m e n t s  

were u s u a l l y  c o l l e c t e d  w i t h  g r a b  s a m p l e r s .  I n  some c a s e s  a  g r a v i t y  c o r e r  was 

used ,  but p e n e t r a t i o n  was a lways  less than  20  an. These sampl ing  s t a t i o n s  

were f i x e d  w i t h  s e x t a n t  a n g l e s ,  dead  r e c k o n i n g ,  and r a d a r .  T h e i r  a c c u r a c y  

c o u l d  be i n  e r r o r  by as  much as 6 0 0  o r  700 m. 

The a n a l y s i s  and d i s c u s s i o n  o f  v i b r a c o r e s  a r e  p r e s e n t e d  by Barnes  e t  a l . ,  

(1979 ) .  The d e s c r i p t i o n s  of a l l  s u r f a c e  s e d i m e n t s  c o l l e c t e d  by t h e s e  v a r i o u s  

t e c h n i q u e s  a r e  shown i n  f i g u r e  1 and t h e  p e r c e n t a g e s  o f  g r a v e l ,  s a n d ,  and mud 

i n  t h e  samples  a n a l y z e d  a r e  g t v e n  i n  Appendix A. Most d i v e s  i n  t h i s  a r e a  w e r e  

made i n  1976. = p o r t s  on these d i v e s ,  g e n e r a l l y  c o u p l e d  w i t h  p re -d ive  s u r v e y s  

*Any u s e  of t r a d e  n a m e s  a n d  t r a d e m a r k s  i n  t h i s  p u b l i c a t i o n  i s  f o r  
d e s c r i p t i v e  p u r p o s e s  o n l y  a n d  d o e s  n o t  c o n s t i t u t e  e n d o r s e m e n t  b y  
t h e  U . S .  G e o l o g i c a l  S u r v e y .  



Figure  1 .  Sample l o c a t i o n s  and survey t r a c k s  p e r t i n e n t  t o  t h e  
boulder patch  study a r e a .  The l o c a t i o n  o f  F igures 2, 
3 , 4 , 6 ,  and 7 are shown by l a r g e  numbers. 



u s i n g  s i d e - s c a n  sonar and other t e c h n i q u e s ,  were given by Rei rnn i tz  and Toimil 

(1976a ,  and 1976b) .  Repor t s  on  e a r l i e r  d i v e s  made i n  t h e  Bou lde r  Pa t ch  are 

g i v e n  i n  Appendix B. 

RESULTS 

The most  r e l i a b l e  t r a c k l i n e  s u r v e y  t o o l  f o r  d e l i n e a t i n g  t h e  p r e s e n c e  or 

a b s e n c e  of b o u l d e r s  is t h e  Simrad d e p t h  sounde r .  Samples of such  a r e c o r d  a r e  

shown i n  F i g u r e  2. The Simrad b o t t a n  s f g n a l  i n  t h e  a r e a  o f  t h e  Boulder  P a t c h  

i s  c h a r a c t e r i z e d  by e l o n g a t e  r e t u r n  s i g n a l s ,  "wh i ske r s "  p o i n t i n g  downward, and 

s l i g h t  s u r f a c e  roughness .  The r e l i a b i l i t y  of t h e s e  c r i t e r i a  f o r  r e c o g n i z i n g  

t h e  B o u l d e r  P a t c h  was v e r i f i e d  by  f o u r  d i v e s .  An example o f  t h e  Raytheon RTT- 

1000 r e c o r d  i s  g i v e n  i n  F i g u r e  3.  On calm days  t h e  f a thogram o b t a i n e d  w i t h  a 

na r row beam t r a n s d u c e r  shows rough r e l i e f  w i t h i n  t h e  Boulder P a t c h ,  w i t h  

i n d i v i d u a l  b o u l d e r s  shown as s p i k e s .  But  i n  g e n e r a l  t h e  Bou lde r  P a t c h  i s  n o t  

a s  c l e a r l y  d e f i n e d  on t h e  Raytheon r e c o r d s  a s  i n  t h i s  example.  The 7 kHz 

subbot tom r e c o r d s  p r i n t e d  s l i g h t l y  be low t h e  fa thogram a r e  g e n e r a l l y  o f  l i t t l e  

u s e  i n  d e f i n i n g  t h e  Bou lde r  P a t c h .  An example o f  a n  e x c e p t i o n a l l y  good 

sonograph  i s  shown i n  F i g u r e  4. On t h e  left side of  t h i s  f i g u r e  i s  a 200-m 

wide zone w i t h  j u s t  a few s c a t t e r e d  b o u l d e r s  shown a s  s m a l l  b l a c k  s p o t s .  The 

rest of t h e  sonograph shows a l a r g e  number o f  b o u l d e r s  a s  v e r y  s m a l l  p o i n t  

s o u r c e  r e f l e c t o r s  and a g e n e r a l l y  d a r k  background s u g g e s t i n g  c o a r s e - g r a i n e d  

m a t e r i a l .  A few 3-5 m d i a m e t e r  p a t c h e s  of  low b o t t a n  r e f l e c t i v i t y  p r o b a b l y  

r e p r e s e n t  s m a l l  p o c k e t s  of  muddy s e d i m e n t s  among t h e  b o u l d e r s .  The sonograph 

a l s o  shows s m a l l ,  i r r e g u l a r  l i n e a t i o n s  t h a t  t r e n d  o b l i q u e l y  a c r o s s  t h e  s h i p ' s  

t r a c k .  These l i n e a t i o n s  a r e  p r o b a b l y  s m a l l  ice gouges.  The s m a l l  s i z e  o f  t h e  

i c e  gouges h e r e  may be due t o  t h e  l a c k  of  modern mar ine  s e d i m e n t  and a v e r y  

f i r m  bottom. The i r r e g u l a r i t y  of t h e  gouges  is  a t t r i b u t a b l e  t o  t h e  

t o p o g r a p h i c  l o c a l  d e f l e c t i o n  of ice f l o e s  by t h e  rough r e l i e f  i n  t h e  3 o u l d e r  

Patch.  
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I n  some a r e a s  c l a s s i f i e d  a s  Bou lde r  Pa tch  on t h e  b a s i s  of Simrad 

r e c o r d s ,  t h e  sonographs  were n o t  of a d e q u a t e  d e f i n i t i o n  t o  serve a s  s u p p o r t i n s  

e v i d e n c e .  T h i s  l a c k  o f  d e f i n i t i o n  of  t h e  s i d e - s c a n n i n g  s o n a r  sys tem was 

d e s c r i b e d  ( R e i m n i t z  and T o i m i l ,  1976a)  a s  being l u s h  and abundan t  mar ine  

g r o w t h ,  which c a u s e s  d i f f u s i o n  of  h igh- f r equency  s i g n a l s .  However, a l o n g  a 

l a r g e  percentage o f  t h e  t r a c k l i n e  c o v e r a g e ,  t h e  s i d e - s c a n n i n g  s o n a r  was u s e f u l  

t n  p r o v i d i n g  s u p p o r t i n g  data. 

The c a n p i l a t i o n  o f  a l l  a v a i l a b l e  d a t a  d e f i n e s  t h e  Bou lde r  P a t c h  a s  shown 

i n  F i g u r e  5. The b o u l d e r s  d o  n o t  o c c u r  i n  a  c o n t i n u o u s  f i e l d  b u t  a s  p a t c h e s  

o f  v a r i o u s  sizes.  D i s t i n c t i o n  is  made between c l e a r l y  i d e n t i f i a b l e  and d e n s e  

b o u l d e r  b o t t a n  and t r a n s i t i o n  a r e a s ,  where f i n e r  s e d i m e n t s  domina te ,  o r  where 

t h e  i n t e r p r e t a t i o n  o f  our d a t a  is  u n c e r t a i n .  

Another type of bottan d i s t i n g u i s h a b l e  f ran  s u r r o u n d i n g  r e g i o n s  by 

e l o n g a t e ,  d i f f u s e  battorn s i g n a l s  ( F i g .  5 ) .  These bot tom s i g n a l s  a r e  of  

c o n s t a n t  l e n g t h ,  as opposed t o  t h e  v a r i a b l e - l e n q t h  s i g n a l s  w i t h i n  t h e  Bou lde r  

P a t c h .  T h i s  a c o u s t i c  c h a r a c t e r  i s  a s s o c i a t e d  w i t h  smooth s e a  f l o o r  and  is  

t h e r e f o r e  d i f f e r e n t  fran t h e  patch. Sediment  s amples  d o  n o t  show u n u s u a l  

d e p o s i t s .  Because t h e s e  a r e a s  o f  d i f f u s e  s i g n a l s  sf unknown o r i g i n  o c c u r  i n  

t h e  deep  p o r t i o n  o f  S t e f a n s s o n  Sound, we b e l i e v e  t h a t  d i f f u s i o n  might be due 

t o  t h e  p r e s e n c e  of a soupy,  t r a n s i e n t  l a y e r  canmonly obse rved  i n  our SCUBA 

d i v i n g  program. Such soupy m a t e r i a l s  c a n  be up t o  1 m t h i c k  i n  l o c a l  

d e p r e s s i o n s ,  and g e n e r a l l y  a r e  much f i n e r  t h a n  m a t e r i a l s  on t h e  s o l i d  sea 

f l o o r .  

~ L t h o u g h  a c o u s t i c  p e n e t r a t i o n  is g e n e r a l l y  p o o r  i n  S t e f a n s s o n  Sound, 

t h e r e  a r e  s e v e r a l  good s e c t i o n s  i n  o u r  seismic r e f l e c t i o n  r e c o r d s  which 

c l e a r l y  i n d i c a t e  t h a t  t h e  b o u l d e r s  o n  t h e  s h e l f  s u r f a c e  h e r e  c o i n c i d e  w i t h  

a r e a s  o f  t h i n ,  or a b s e n t ,  Holocene mar ine  s e d i m e n t s .  A l i n e  drawing of s u c h  a 
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F i g u r e  5.  L o c a t i o n  o f  bou lde r  patches.  The c o m p i l a t i o n  o f  t r a c k l i n e  data  
shown i n  F igure  1 was used t o  d e f i n e  bou lder  patch boundar ies .  

9 .  



s e i s m l c  reflection record i s  shown i n  F i g u r e  6 .  T h e  l o c a t i o n  of  t h l s  s e i s m i c  

r e c o r ?  is  shown on F l g u r e  1 a s  e x t e n d i n g  from Narwhal I s l a n d  southwestward  

t o w a r d s  t h e  S a g a v a n l r k t o k  D e l t a .  I n  t h e  l e f t  p o r t i o n  of t h i s  r e c o r d  a  t h i n  

u 2 i t  of s u r f a c e  sediments o v e r l i e s  an i n d i s t i n c t  and h i g h l y  i r r e g u l a r ,  

d i s c o n t i n u o u s  bot tom r e f l e c t o r .  A t  t h e  p o i n t  where o t h e r  d a t a  ( i n c l u d i n g  

s i d e - s c a n n i n g  s o n a r  and t h e  Simrad r e c o r d  i n  p a r t i c u l a r )  i n d i c a t e  a t r a n s i t i o n  

i n t o  b o u l d e r  bo t tom,  a  v e r y  d i s i n c t  suhbottom r e f l e c t o r  c r o p s  o u t  a t  t h e  s e a  

f l o o r .  Landward of  t h i s  p o i n t  t h e r e  a r e  s e v e r a l  seaward-dipping  subbot tom 

r e f l e c t o r s  t h a t  a re  t r u n c a t e d  b y  the sea  f l o o r .  showing t h a t  the sea floor 

h e r e  i s  an e r o s i o n a l  s u r f a c e .  

Our d i v i n g  t r a v e r s e s  i n  d i f f e r e n t  p a r t s  o f  t h e  b o u l d e r  p a t c h  show t h a t  

t h e  b o u l d e r s  o c c u r  o n l y  i n  a t h i n  l a y e r  - a  l a y e r  which i s  no more t h a n  o n e  

b o u l d e r  t h i c k .  According to t h e  200 kHz bo t tom r e c o r d  showing b o u l d e r s  a s  

s p i k e s  above t h e  s u r r o u n d i n g  s e a  f l o o r ,  t h e  maximum h e i g h t  of  t h e  b o u l d e r s  i s  

a b o u t  7 0  cm. However on  o u r  d i v e s  we have s e e n  b o u l d e r s  w i t h  h o r i z o n t a l  

d i m e n s i o n s  o f  up  t o  2 m. 

DISCUSSION 

D e p o s i t s  o f  g r a v e l ,  c o b b l e s ,  and b o u l d e r s  similar t o  t h o s e  found i n  t h e  

b o u l d e r  patch of S t ~ f a n s s o n  Sound a r e  formed today d u r i n g  t h e  p r o c e s s  o f  

c o a s t a l  e r o s i o n  o f  t h e  Gubic Formation i n  a number of  p r e s e n t  day  b e a c h e s .  

L e f f i n q w e l l  ( 1919) was t h e  f i r s t  to  summarize a l l  i n f o r m a t i o n  on t h e  

o c c u r r e n c e  of such  b o u l d e r s  a l o n g  t h e  a r c t i c  c o a s t  o f  Alaska  and t o  r e c o g n i z e  

t h a t  t h e  l i t h o l o g y  o f  many o f  t h e s e  is f o r e i g n  t o  t h e  d r a i n a g e  b a s i n s  i n  which 

t h e y  a r e  found today.  Lef fingwell used  t h e  name Flaxman b o u l d e r s ,  

s u S s e q u e n t l y  o t h e r  w r i t e r s  have  added t o  our  knowledge of t h e  d i s t r i b u t i o n  and  

possible origins f o r  t h e s e  b o u l d e r s  (McCarthy,  1958;  Rode ick ,  1979; and 

kiopkins and H a r t z ,  1978) .  Tha t  p o r t i o n  of t h p  b o u l d e r s  f o r e i g n  t o  Alaska was 
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p r o b & l y  r a f t e d  by i c e  from a r e a s  i n  Canada t h a t  l i e  e a s t  of t h e  MacKenzie  

R i v e r .  

~ o u l d e r s  can  a l s o  b e  sepn  s p a r s e l y  s c a t t e r e d  th rough  t h e  s e c t i o n  of  t h e  

Gubic  Format ion  exposed i n  b l u f f s  i n  numerous p l a c e s .  For example,  on Flaxnan 

I s l a n d ,  t h e  b o u l d e r s  a r e  v e r y  n o t i c e a b l e  on  t h e  t u n d r a  s u r f a c e  o f  t h e  

s u r r o u n d i n g  b e a c h e s  and i n  s h a l l o w  wa te r .  The mainland c o a s t  t o  t h e  e a s t  o f  

t h e  i s l a n d  a l s o  h a s  b o u l d e r s  e r o d i n g  o u t  of t h e  s e c t i o n  and forming a t h i n  l a g  

d e p o s i t  on t h e  b e a c h  and i n  t h e  s h a l l o w  n e a r s h o r e  a r e a s  o u t  t o  a d e p t h  o f  1 o r  

2 m. S i m i l a r  l a g  d e _ w s i t s  a r e  s e e n  a t  T i g v a r i a k  I s l a n d  i n  t h e  e a s t e r n  p a r t  of 

S t e f a n s s o n  Sound and a l o n g  t h e  S a g a v a n i r k t o k  D e l t a  f r o n t ,  where d e p o s i t s  o f  

t h e  Q u a t e r n a r y  Gubic  Format ion  r e l a t i v e l y  r i c h  i n  Flaxman b o u l d e r s  a r e  b e i n g  

eroded b a c k  (Figs. 5 and 7 ) .  

The c o n c e n t r a t i o n s  o f  b o u l d e r s  w i t h i n  t h e  Gubic Forma t ion  are e s p e c i a l l y  

h i g h  a t  Heald  P o i n t  on  t h e  e a s t  s i d e  o f  Prudhoe Bay and a t  T i q v a r i a k  I s l a n d ,  

b o t h  l y i n g  i n  t h i s  s t u d y  a r e a .  These o b s e r v a t i o n s ,  c o u p l e d  w i t h  t h e  s e i s m i c  

r e f l e c t i o n  d a t a ,  i n d i c a t e  t h a t  i n  p a r t s  o f  t h e  b o u l d e r  p a t c h ,  where t h e  s e a  

f l o o r  i s  a n  e r o s i o n a l  surface, t he  t h i n  l a y e r  o f  g r a v e l ,  c o b b l e s ,  and boulders 

i s  a l a g  d e p o s i t  r e s u l t i n g  from t h e  e r o s i o n  o f  b o u l d e r - r i c h  p o r t i o n s  of t h e  

Gubic Format ion .  I n  t h i s  a rea  t h e  Gubic Forma t ion  may have  o c c u r r e d  i n  t h e  

form o f  i s l a n d s  similar t o  Foggy, Howe, and o t h e r  i s l a n d s  a l o n g  t h e  

S a g a v a n i r k t o k  d e l t a  f r o n t .  Thus t h e  b o u l d e r  p a t c h  i s  n o t  an  o u t c r o p  o f  a 

b o u l d e r  u n i t ,  no r  i s  it a  m o r a i n a l  d e p o s i t .  

I n  some l o c a l i t i e s ,  a s  f o r  example a t  P t .  Rrowex, a t  Heald P o i n t ,  and  

a l o n g  t h e  e a s t  s i d e  o f  Prudhoe Bay, b o u l d e r s  and o t h e r  c o a r s e  b e a c h  m a t e r i a l  

a r e  r e s t i n g  a t  s e a  l e v e l  on v e r y  s t i f f ,  c o h e s i v e ,  s i l t y  c l a y  t h a t  seems t o  

have  been  l a i d  down d u r i n g  t h e  c o a s t a l  r e t r e a t .  A c o m b i n a t i o n  o f  v a r i o u s  

p r o c e s s e s ,  i n c l u d i n g  s o l i f l u c t i o n  and a l t e r n a t e  f r e e z i n g  and thawinq ,  may 



Figure 7. Scattered boulders in a drained lake bed, about 3 m above sea level 
near Heald ~ o i n t . ( F i g .  1 )  The underlying Gubik Formation here i s  
r ich  in boulders and coastal r e t r e a t  combines these with su r f i c i a l  
ones a t  beach l eve l .  



s e p a r a t e  t h e  f i n e  p r t i o n s  of t h e  Guhic Format - ion  - s i l t  and c l a y  - from t h e  

c o a r s e r  m a t e r i a l  forming t h e  beach .  T h i s  f i n e ,  s i l t y  c l a y  l i e s  unde rnea th  t h e  

beach and o v e r l i e s  t h e  Gubic Formation and c a n  be s e e n  e x t e n d i n g  o u t  t h r o u g h  

t h e  swash zone ,  w i t h  b o u l d e r s  r e s t i n g  on t o p .  I n  our four d i v e s  we have  n o t  

s e e n  s t i f f  , s i l t y  c l a y  u n d e r n e a t h  t h e  b o u l d e r s ,  The v i h r a c o r e  from t h e  

b o u l d e r  p a t c h  also d o e s  n o t  show a s t i f f ,  s i l t y  c l a y .  However, Dunton and 

Schonberg (1979)  r e p o r t  s t i f f  s i l t y  c l a y  o c c u r r i n g  i n  a t  l e a s t  3 o u t  o f  16 o f  

t h e i r  b i o l o g i c a l  d i v e  sites. The spotty o c c u r r e n c e  o f  o v e r c o n s o l i d a t e d  s i l t y  

c l a y  unde r  t h e  b o u l d e r  l a g  d e p o s i t  would f i t  a p r o c e s s  of f o r m a t i o n  of s i l t y  

c l a y  d u r i n g  t h e  t r a n s g r e s s i o n ,  How t h i s  s i l t y  c l a y  becomes so firm and 

" o v e r c o n s o l i d a t e d "  i s  n o t  known; a l t e r n a t i n g  f r e e z i n g  and thawing is  one  

possibility (Chamberlain e t  a l . ,  1978).  But we b e l i e v e  t h i s  may be a 

n e a r s h o r e  p r o c e s s .  

O b s e r v a t i o n s  on  the o c c u r r e n c e  of  b o u l d e r s  a l o n g  t h e  b e a c h e s  o f  t h e  

Beaufort Sea s u g g e s t  t h a t  d e p o s i t s  s imilar  t o  t h o s e  o f  t h e  b o u l d e r  p a t c h  c o u l d  

h a v e  formed e l  sewhere .  However  i n  o u r  work w i t h  s m a l l  v e s s e l s  a l o n g  t h e  

c o a s t  we have  o n l y  s e e n  b o u l d e r s  i n  t h e  n e a r s h o r e  zone and a few submerged 

o n e s  bile d i v i n g .  Apparen t ly  modern mar ine  s e d i m e n t s  i n  most a r e a s  are 

c o v e r i n g  t h e  b o u l d e r s  b e f o r e  t h e  coas t a l .  b l u f f s  have  r e t r e a t e d  v e r y  f a r  from 

t h e  s i te .  

A few s c a t t e r e d  b o u l d e r s  have  been  found by u s  i n  d i v i n g  i n  Leffinqwell 

Lagoon n o t  far f r o m  F l a m a n  I s l a n d .  Boulders have  also b e e n  s e e n  a s h o r t  

d i s t a n c e  o f f s h o r e  from Flaxman I s l a n d  i n  a  s u r v e y  u s i n g  a c l o s e d  c i r c u i t  

t e l e v i s i o n  system. La rge  cobbles have  been  s e e n  d u r i n g  d i v i n g  o p e r a t i o n s  

n e a r s h o r e  and seaward of  Narwhal I s l a n d  and C r o s s  I s l a n d .  O f f  t h e  two l a t t e r  

i s l a n d s ,  where t h e  s tamukhi zone impinges  on the i s l a n d s  and t h e  bot tom i s  

reworked i n t e n s i v e l y  by  i c e  gouging ,  t h e  b o u l d e r s  d o  not have  a n y  mar ine  
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qror",?. and a r e  c l e a n .  Off Flaxman Island, however ,  where t h e  starnukhi zone 

and  r e g i o n  o f  most i n t e n s e  ice gouging  l i e  some d i s t a n c e  o f f s h o r e ,  a l i m i t e d  

a m o u r t  of  m a r i n e  growth i s  s e e n  on  t h e  b o u l d e r s .  But m a r i n e  l i f e  i s  n o t  

n e a r l y  a s  abundant  a s  it i s  w i t h i n  t h e  p r o t e c t e d  env i ronmen t  o f  S t e f a n s s o n  

Sound. 

"he b a r r i e r  i s l a n d s  l y i n g  seaward  of t h e  Boulder  P a t c h  r e g i o n  c o n s i s t  o f  

coarser g r a i n e d  m a t e r i a l  t h a n  t h a t  of t h e  i s l a n d s  l y i n g  e a s t  and wes t  of t h e  

a o u l d e r  P a t c h .  Hopkins and H a r t z  (1978)  p o i n t  o u t  t h a t  C r o s s  I s l a n d ,  Narwhal 

I s l a n d ,  and J e a n e t t e  I s l a n d  are c h a r a c t e r i z e d  b y  c o a r s e  g r a v e l  w i t h  l a r g e  

c o b b l e s .  Because t h e s e  i s l a n d s  are  m i g r a t i n g  sou thwes tward  o v e r  t h e  Boulder  

P a t c h ,  o n e  may s p e c u l a t e  t h a t  t h e  b o u l d e r s ,  a s  a lag d e p o s i t ,  c o n t i n u e  

seaward ,  b e l o w  t h e  i s l a n d s ,  and o u t  o n t o  t h e  s h a l l o w  shelf. However, n o t  

enouah is  known abou t  t h e s e  areas and env i ronmen t s  t o  s p e c u l a t e  on  t h e  f a t e  o f  

t h e  b o u l d e r s  a f t e r  t h e  p a s s a g e  of  i s l a n d s ,  and t h e i r  s u b s e q u e n t  e x p o s u r e  t o  

i c e  p r o c e s s e s  on  t h e  seaward  s i d e  o f  t h e  i s l a n d s ,  

o u r  s t u d y  sheds s o m e  l i g h t  o n  t h e  p r o c e s s  o f  i c e  r a f t i n g  t o d a y ,  and a l s o  

a b o u t  c o n d i t i o n s  i n  t h e  past, when Flaxman b o u l d e r s  were  b r o u g h t  i n t o  t h e  a r e a  

and became part o f  t h e  Gubic Format ion .  I n  s e v e r a l  l o c a t i o n s  o u r  r e c o r d s  show 

b o u l d e r s  on  t h e  s e a - f l o o r  s u r f a c e  c o i n c i d i n g  w i t h ,  and restr icted t o ,  

e r o s i o n a l  s u r f a c e s .  I f  grounded i c e  i n  an o u t c r o p  a r e a  were  t o  p l u c k  o u t  

i n d i v i d u a l  b o u l d e r s  and r a f t  them some d i s t a n c e  away  from t h e  o u t c r o p  b e f o r e  

d e p o s i t i o n  o n  t h e  s e a - f l o o r ,  a ' h a l o '  of b o u l d e r s  s u r r o u n d i n g  t h e  o l d e r  

m a t e r i a l s  would be t h e  r e s u l t .  The l a c k  o f  s u c h  'halos' s u g g e s t s  t h a t  t o d a y  

t h e  p r o c e s s  o f  i c e  r a f t i n g  i s  n o t  a v e r y  e f f e c t i v e  t r a n s p o r t  mechanism. 

Futherrnore,  t h e  fact t h a t  b o u l d e r s  i n  S t e f a n s s o n  Sound a r e  a s s o c i a t e d  w i t h  a 

very h u n d a n t  m a r i n e  f a u n a ,  and  e s p e c i a l l y  w i t h  d u r a b l e  e n c r u s t i n g  o rgan i sms  

and s h e l l  m a t e r i a l ,  s u g g e s t s  t h a t  t h e  F l a m a n  b o u l d e r s  found o n  l a n d  w i t h i n  
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t h e  Gubic Format-ion were d e p o s i t e d  i n  a d i f f e r e n t  environment. We have  l o o k e d  

i n  d e t a i l  f o r  e v i d e n c e  o f  mar ine  l i f e  a d j a c e n t  t o  boulders i n  t h e  P rudhoe  Ray 

a r e a ;  o n  Heald P o i n t ,  a t  P o i n t  Brower, o n  T i q v a r i a k  I s l a n d ,  o n  Flaxman I s l a n d ,  

a n d  e l s e w h e r e ,  and found none. If t h e s e  b o u l d e r s  were i n d e e d  r a f t e d  into t h e  

a r e a  i n  t h e  p a s t  and d e p o s i t e d  i n  t h e  s h a l l o w  w a t e r  e n v i r o n m e n t ,  such  a r e a s  

must have  been  u n p r o t e c t e d  by b a r r i e r  i s l a n d s ,  a s  t h e  c o n d i t i o n s  were 

e v i d e n t l y  u n f a v o r a b l e  f o r  e s t a b l i s h m e n t  of a  m a r i n e  f a u n a .  A l a c k  of 

p r o t e c t i o n  b y  b a r r i e r  i s l a n d s ,  i n  turn, s u g g e s t s  t h a t  t h e  Gubic Forma t ion ,  

where b o u l d e r - r i c h ,  was reworked e x t e n s i v e l y  b y  i c e  gouging.  The l a c k  of 

mar ine  o rgan i sms  s u r r o u n d i n g  t h e  Flaxman b o u l d e r s  on  t h e  o t h e r  hand c o u l d  a l s o  

b e  a t t r i b u t e d  to h i g h  r a t e s  of  s ed imen t  d e p o s i t i o n  and t h e r e f o r e  u n f a v o r a b l e  

c o n d i t i o n s  for m a r i n e  life a t  t h e  t i m e  o f  ice  r a f t i n g .  

The e x i s t e n c e  of a boulder bed or a l ag  d e p o s i t  a c r o s s  t h e  e n t i r e  f r o n t  

o f  t h e  modern S a q a v a n i r k t o k  Delta, one  of t h e  l a r g e s t  i n  n o r t h e r n  A l a s k a ,  

r ema ins  a s  a  fundamen ta l  problem t h a t  needs  e x p l a n a t i o n .  Our d a t a  show a 

s i m i l a r  lack o r  s c a r c i t y  o f  modern d e p o s i t s  o f f  t h e  P u t u l i g a y u k  R i v e r  i n  

Prudhoe Bay, off t h e  Kuparuk River, and o f f  t h e  C o l v i l l e  R i v e r ,  s u g g e s t i n g  

t h a t  some p r o c e s s  i s  removing t h e  s e d i m e n t ,  o r  t h a t  v e r y  l i t t l e  i s  being 

s u p p l i e d  by a r c t i c  r i v e r s .  

W i n t e r  d i v i n g  i n v e s t i g a t i o n s  i n  t h e  e a s t e r n  p o r t i o n  o f  t h e  Boulder  P a t c h  

( R e i m n i t z  and Dunton, 19791, p r o v i d e  some new i n s i g h t s  i n t o  p o s s i b l e  

mechanisms t o  remove s e d i m e n t s  from t h e  a r e a .  They found much h i g h e r  wa te r  

t u r b i d i t y  i n  mid-November, 6 weeks a f t e r  r i v e r  d i s c h a r g e ,  wind waves,  and 

wind-dr iven  c u r r e n t s  h a d  heen  shut oFC by t h e  new ice c o - - e r n  tban a* a-17 " i v m  

d u r i n g  t h e  summer. B r i g h t  r e d  l i t h o t h a m n i a  c o v e r i n g  boulders, and s h i n y  b r o w n  

k e l p  were b l a n k e t e d  w i t h  a  t h i n  cove r  of f i n e  o o z e .  Below t h e  s o l i d  and 

smooth f a s t - i c e  canopy was a s o f t  i c e  l a y e r ,  r a n g i n g  i n  t h i c k n e s s  f r o m  0 .5  t o  



2 .5  m, c o n s i s t i n g  of l a r g e  c r y s t a l  platelets a n d  v e r y  fine-qraincd ice w i t h  

i n c o r p r a t e d  sed imen t .  Evidently a n c h o r  i c c  h a d  formed on t h e  sea f l o o r  i n  

e a r l y  t o  middle O c t o b e r ,  and r i s e n  to t h p  s u r f a c e  with f i n e  s ed imen t s .  This 

mechanism seems to have o p e r a t e d  only i n  t h e  Boulder  P a t c h .  Once sed imen t  is 

suspended i n  t h e  w a t e r  o r  i n  t h e  i c e ,  only a s l i g h t  c u r r e n t  or  i c e  

d i s p l a c e m e n t  during s p r i n g  b r e a k u p  i s  r e q u i r e d  t o  t r a n s p o r t  t h e  sed imen t  away 

from t h e  site. Dunton and Re imni t z  (1979 )  s p e c u l a t e  that mechanisms Leading 

to  t h e  n e c e s s a r y  s u p e r c o o l i n g  o f  t h e  wa te r  and t o  t h e  f o r m a t i o n  o f  anchor  ice  

may i n v o l v e  t h e  i n t e r a c t i o n  o f  f r e s h  wa te r  w i t h  sea water i n  t h e  v i c i n i t y  o f  

t h e  a rc t ic  r i v e r s .  The l a c k  of  d e l t a i c  s ed imen t  a c c r e t i o n  on t h e  Boulder  

P a t c h  w i l l  remain  an unsolved problem u n t i l  e n v i r o n m e n t a l  d a t a  f o r  t h i s  area 

becomes a v a i l a b l e .  
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