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INTRODUCTION 

This  document i s  a  r e p l y  t o  a  r eques t  da ted  March 30, 1982, by t he  
Manager, Alaska Outer Cont inenta l  Shelf  Of f i ce ,  for a sand and g rave l  Resource 
% p o r t  f o r  the Beaufort  Sea s h e l f ,  nor thern  Alaska (F ig .  1  1 .  A b a s i c  premise 
o f  t h i s  r e p o r t  i s  t h a t  a n  understanding of the  Quaternary geology of the 
A r c t i c  Coas ta l  P l a i n  and Beaufort  Sea s h e l f  i s  fundamental t o  a n  understanding 
of the p o t e n t i a l  sources  of sand and grave l .  Therefore a  major p o r t i o n  of 
t h i s  document summarizes t h i s  information.  Unfortunately,  borehole and high- 
r e s o l u t i o n  se i smic  data on the s h e l f  a r e  spa r se ,  making any a t b m p t  t o  
e x t r a p o l a t e  our incomplete knowledge of the more a c c e s s i b l e  c o a s t a l  p l a i n ,  t o  
Less a c c e s s i b l e  a r e a s  o f f sho re ,  h igh ly  specu la t i ve .  I n  a d d i t i o n ,  the  
information which has  been c o l l e c t e d  on the c o n t i n e n t a l  s h e l f  shows even 
s u r f i c i a l  p r o p e r t i e s  of sediment c h a r a c t e r  t o  be extremely pa tchy  and va r i ab l e  
(Barnes,  1974; Barnes and o t h e r s ,  1980), seve re ly  l i m i t i n g  a t t empt s  a t  
e s t i m a t i n g  the sand and g r a v e l  resources  i n  such a v a s t  region.  

Perhaps the most important  observa t ion  t o  be made, after examining the 
d a t a  c o l l e c t e d  on the Eeaufor t  S h e l f ,  i s  t h a t  an  a t t empt  t o  document sand and 
g rave l  resources  i s  premature. Only a major d r i l l i n g  program on the Beaufort  
Sea s h e l f  w i l l  provide the  sub-surface samples necessary f o r  a  t h r ee -  
dimensional a p p r a i s a l  of these  resources .  Hopefully, howsver, the  e v a l u a t i o n  
of p u b l i c  records  undertaken for t h i s  r e p o r t  ha s  r e s u l t e d  i n  a document which 
can be used t o  h e l p  p r e d i c t  these  resources  even where da t a  a r e  lacking.  

SOURCES O F  DATA FORMAT O F  REPORT 

This r e p o r t  on sand and g rave l  resources  i n  the  B a u f o r t  Sea i s  modelled 
a f t e r  summary r e p o r t s  f o r  proposed OCS o i l  and gas  l e a s e  s a l e s  (see f o r  
example Grantz and o t h e r s ,  1 9 8 2 ) .  Much of the  text i s  expanded from a chap te r  
e n t i t l e d  "Gram1 sources  and grave l  management op t ions ,"  e d i t e d  by D. M. 
Hopkins, i n  the  Beaufort  Sea Synthesis-Sale 71 r e p o r t  (Norton and Sackinger ,  
eds . ,  1981 ) . The s e c t i o n s  on geologic  framework and c o a s t a l  p l a i n  geology 
*re taken, o f t e n  verbatim, from Grantz and o t h e r s  (1982) and Hopkins and 
Hartz  ( 1  978), r e s p e c t i v e l y .  S imi l a r ly ,  much of the s e c t i o n s  on ice regime, 
i c e  scour ,  and permafrost  e r e  taken from Grantz and o t h e r s  (1982).  Figure 2 
i l l u s t r a t e s  the p u b l i c  d a t a  base used t o  a s s e s s  bo th  s u r f i c i a l  (Fig.  2 A )  and 
subsurface (F ig .  28) sources  of sand and g r a w l  on the  Beaufort  She l f ,  
i n d i c a t i n g  a r e a s  wi th  no p u b l i c  d a t a ,  a r e a s  wi th  inadequate p u b l i c  da t a  t o  
p rope r ly  a s s e s s  these  resources ,  and a r e a s  of a d e q u a k  da t a  coverage. 

The maps accompanying t h i s  t e x t  a r e  reproduct ions  of the  o r i g i n a l  
a u t h o r s '  works a t  t h e i r  chosen map p r o j e c t i o n s ,  o r  where newly compiled f o r  
t h i s  document, based on NOAA Char t  16003. 



GRAIN-S IZE DEFINITIONS OF SEDIMENT TYPES 

The f o l l o w i n g  g r a i n - s i z e  s c a l e  and  s i z e  c l a s s e s  have  been  used  th roughout  
t h i s  document ( a f t e r  Wentworth, 1922) : 

Gra in  s i z e  (mm) S i z e  class 

GRAVEL ( > 2  m m )  

SAND 

SILT 
MUD 

CLAY 
(<0.0039 m m )  

BATHYMETRY 

The B e a u f o r t  Sea  s h e l f  i s  r e l a t i v e l y  f l a t ,  and r a n g e s  i n  wid th  from 
approx imate ly  70 t o  120 k i l o m e t e r s  (Grantz  and  o t h e r s ,  1981 ) . A complex o u t e r  
s h e l f  b reak  o c c u r s  a t  depths r a n g i n g  from 200-800 m ,  a l t h o u g h  e a s t  of about 
147O W l o n g i t u d e  a n  i n n e r  s h e l f  b reak  o c c u r s  a t  a depth o f  approx imate ly  60 
m. Landward o f  t h e  b a r r i e r  i s l a n d s  average  seabed g r a d i e n t s  are  low (1:1700- 
1 :2000) b u t  loca l  r e l i e f  i s  v e r y  i r r e g u l a r ,  r e f l e c t i n g  t h e  p r e s e n c e  o f  b a r s  
and t h e  complex i n t e r a c t i o n  o f  ice w i t h  t h e  s e a f l o o r .  From approx imate ly  
Flaxman I s l a n d  t o  t h e  Kuparuk River ,  t h e  seabed  s t e e p e n s  r a t h e r  a b r u p t l y  
seaward of t h e  b a r r i e r  i s l a n d s .  Over t h i s  3-ki lometer  wide zone of i n c r e a s e d  
bottom s l o p e ,  seabed  g r a d i e n t s  r e a c h  1 :500. To t h e  w e s t ,  n e a r  t h e  Colvi l le  
d e l t a ,  t h i s  zone o f  s t e e p e n i n g  i s  n o t  a p p a r e n t  and t h e  e n t i r e  s h e l f  wid th  i s  
c h a r a c t e r i z e d  by a more uniform s l o p e  ( 1  :1250).  Deeper t h a n  approx imate ly  1 6  
m,  t h e  s h e l f  i s  c h a r a c t e r i z e d  by a n  even f l a t t e r  s l o p e  (1 : 1700) .  N o r t h e a s t  of 
Pingok I s l a n d ,  t h e  bathymetry  i s  dominated by submerged r i d g e s ,  w h i l e  e a s t  o f  
Prudhoe Bay t h e  Reindeer-Cross I s l a n d  r i d g e ,  which may e x t e n d  beyond Narwhal 
I s l a n d  (Reirnnitz and o t h e r s  1 9 7 2 ) ,  i s  mos t  a p p a r e n t  ( F i g .  1 ) .  

GEOLOGIC FRAMEWORK 

The B e a u f o r t  She l f  n o r t h  o f  Alaska c a n  be c o n v e n i e n t l y  d i v i d e d  i n t o  two 
s e c t o r s  of c o n t r a s t i n g  g e o l o g i c  s t r u c t u r e  and g e n e r a l l y  d i s t i n c t i v e ,  b u t  
o v e r l a p p i n g ,  sed imenta ry  sequences .  The w e s t e r n  (Barrow) s e c t o r  e x t e n d s  from 
P o i n t  Barrow t o  approx imate ly  1 4 5 O  W .  long.  and t h e  e a s t e r n  ( B a r t e r  I s l a n d )  
s e c t o r  from 145O W. l ong .  t o  t h e  Canadian border .  Data f o r  this s e c t i o n  f o r  
t h e  o f f s h o r e  are mainly  from Gran tz  and o t h e r s ,  1979, Grantz and o t h e r s ,  1982, 
and E i t t r e i m  and Gran tz ,  1979. Data f o r  t h e  o n s h o r e  a r e  from Alaska 
G e o l o g i c a l  S o c i e t y ,  1971 and 1972; Brosge and T a i l l e u r ,  1971; Jones and 
Speers ,  1976; Grantz and  Mull ,  1978; and  e s p e c i a l l y  T a i l l e u r  and o t h e r s ,  1978. 

According t o  C r a i g  and  Barnes  (Memorandum o f  February  9 ,  1982, J. Craig, 
Minera l s  Management S e r v i c e ,  and  P. Barnes,  U.S . Geolog ica l  Survey,  t o  
Manager, Alaska Region, M i n e r a l s  Management S e r v i c e ,  and C h i e f ,  P a c i f i c - A r c t i c  



. - 
I t -  

Branch of Marine Gealogy) , " t h e  geologic  s t r u c t u r e  of t h e  "Barrow sec to r "  is  
dominated by t h e  Barrow Arch, a broad f e a t u r e  composed of metamorphic basement 
rock. Onlap of t h e  Barrow Arch by Miss i s s ipp ian  t o  Jurassic-aged sediments 
(El lesmerian)  from a no r the rn  source  a r e a  was followed by a major episode of 
u p l i f t ,  f a u l t i n g ,  and e r o s i o n a l  t r u n c a t i o n  i n  e a r l y  Cretaceous t i m e . "  This  
episode was a s s o c i a t e d  with t h e  r i f t i n g  of t h e  nor thern  p a r t  of t h e  Arc t ic  
p l a t fo rm *ich c r e a t e d  t h e  p re sen t  c o n t i n e n t a l  margin of nor thern  Alaska. 
Craig and Barnes (Memo, 1982) s t a t e  t h a t  " i n  Cretaceous t o  T e r t i a r y  t ime,  a 
t h i c k  c l a s t i c  sequence (Brookian) der ived  from t h e  Brooks Range was depos i ted  
t o  form a noxthuard-thickening wdge  o n  t h e  near ly  f l a t - l y i n g  lowzr Cretaceous 
unconformity s u r f  ace. " The Cretaceous beds o f  t h i s  c l a s t i c  sequence are both  
marine and nof-marine beneath t h e  Arc t ic  c o a s t a l  p l a i n ,  b u t  on se i smic  
s e c t i o n s  appear t o  become dominantly or e n t i r e l y  marine on  t h e  o u t e r  s h e l f .  
The T e r t i a r y  beds a r e  nonmarine onshore, b u t  appear t o  also con ta in  marine 
f a c i e s  o f f  shore. 

To t h e  east, t h e  "Barter Is land"  s e c t o r  i s  s t r u c t u r a l l y  dominated by t w o  
a n t i c l i n e s  and a n  in t e rven ing  sync l ine  developed i n  l a t e  Cenozoic sedimentary 
rocks. Broakian s t r a t a  r e s t i n g  on pre-Ellesmerian ( m a n k l i n i a n )  rocks,  and 
perhaps l o c a l l y  on oceanic  c r u s t ,  u n d e r l i e  t h i s  s ec to r .  Regional t r e n d s  
i n d i c a t e  t h a t  Ellescnerian s t r a t a  a r e  probably absent  (Grantz  and Mull,  
1978). I n  t h e  - s t e rn  p a r t  of t h e  Bar te r  I s l and  s e c t o r  t h e  Brookian sequence 
c o n s i s t s  of a t h i c k  s e c t i o n  of T e r t i a r y  s t r a t a  unde r l a in  by a t h i n  s e c t i o n  of 
Cretaceous beds  and by Frankl in ian  rocks. I n  t h e  e a s t e r n  p a r t  of t h e  s e c t o r ,  
t h e  T e r t i a r y  rocks  are in fe r r ed ,  from r e g i o n a l  t r e n d s  and from se ismic  
r e f l e c t i o n  p r o f i l e s ,  t o  r e s t  on  a t h i c k  s e c t i o n  of J u r a s s i c  and Cretaceous 
c l a s t i c  sedimentary rocks  of  southern  (Brookian) o r ig in .  The J u r a s s i c  and 
Cretaceous beds a r e  predominantly marine onshore, and probably mainly o r  
e n t i r e l y  marine off shore. 

Over both  t h e  Barrow and Bar t e r  I s l a n d  s e c t o r s ,  Cra ig  and Barnes (Memo, 
1982) s t a t e  t h a t  t h e  

" r eg res s ive  Brookian sequence i s  t r u n c a t e d  by a n  unconformity s i t u a t e d  
100 m o r  more below s e a  l eve l .  This  i n f e r r e d  Tert iary/Quaternary 
f e a t u r e  r ep re sen t s  a change f r o m  r a p i d  prograding depos i t i on  t o  complex 
transgression/regression cyc le s  i n  P l e i s tocene  time. Another 
unconformity (Pleistocene/Holocene) i s  covered by 0 t o  40+ rn of  r e c e n t  
marine sediment depos i ted  dur ing  t h e  l a t e s t  t r ansg res s ion .  The 
transgressive/regressive c y c l e s  i n  t h e  P le i s tocene  produced a complex 
sequence of tundra ,  marine, glaciomarine,  f l u v i a l  and l a c u s t r i n e  
d e p o s i t s  des igna ted  as t h e  Gubik Formation onshore and t e n t a t i v e l y  
c o r r e l a t e d  t o  t h e  i n f e r r e d  P le i s tocene  u n i t  offshore.  During 
P le i s tocene  r e g r e s s i v e  i n t e r v a l s ,  wide p o r t i o n s  of  t h e  Beaufort  s h e l f  

- usre s u b a e r i a l l y  exposed and sub jec t ed  t o  sub-freezing temperatures .  A s  
a r e s u l t ,  a permafrost  l a y e r  formed. This  l a y e r  has  been subsequent ly 
t h a e d  t o  vary ing  l e v e l s  i n  o f f sho re  a r e a s  dur ing  Holocene and e a r l i e r  
t ransgress ions ."  

QUATERNARY GEOLOGY OF ARCTIC COASTAL PLAIN 

According t o  Hopkins and Hartz (1978) and s t u d i e s  by L. D. Car t e r ,  0. J. 



F e r r i a n s ,  and R. E. Nelson, t h e  c o a s t a l  p l a i n  su r rounding  t h e  C o l v i l l e  River  
Delta and e a s t  o f  t h e  Kuparuk River  i s  u n d e r l a i n  by P l e i s t o c e n e  a l l u v i a l  and 
outwash g r a v e l  and sandy g r a v e l  o f  t h e  Gubik Formation,  t h e  most i m p o r t a n t  
g e o l o g i c  u n i t  on t h e  n o r t h  s l o p e  o f  Alaska f o r  s a n d  and p a r t i c u l a r l y  g r a v e l .  
These c o a l e s c i n g  a l l u v i a l  and  g r a v e l  outwash f a n s ,  which e x t e n d  northward from 
t h e  Brooks Range g e n e r a l l y  t o  t h e  c o a s t ,  c o n t a i n  a g r a v e l  o f  d i s t i n c t  
l i t h o l o g y  c o n s i s t i n g  of c h e r t ,  graywacke, and g r i t ,  w i t h  t h e  common occur rence  
of v e i n  q u a r t z .  I n  some a r e a s ,  however, t h e  c o a s t  i s  occup ied  by t h e  Flaxman 
Member o f  t h e  Gubik Formation (Hopkins and o t h e r s ,  i n  p r e p . ) ,  a marine sandy 
mud of P l e i s t o c e n e  a g e  c o n t a i n i n g  abundant  g l a c i a t e d  p e b b l e s ,  c o b b l e s ,  and 
b o u l d e r s  d i s t i n c t  i n  l i t h o l o g y  from t h e  g r a v e l  o f  t h e  Brooks Range 
( L e f f i n g w e l l ,  1919; Rodeick, 1979)  and f o r e i g n  t o  Alaska (F ig .  3 ) .  This 
g r a v e l ,  r i c h  i n  do lomi te ,  r e d  q u a r t z i t e ,  red g r a n i t e ,  p y r o x e n i t e ,  and d i a b a s e ,  
h a s  g e n e r a l l y  been a t t r i b u t e d  t o  i c e  r a f t i n g  from a s o u r c e  i n  t h e  Canadian 
A r c t i c  Arch ipe lago  o r  Greenland. The Flaxman Formation may res t  unconformably 
on o l d e r  P l e i s t o c e n e  marine  d e p o s i t s  (Hopkins, 1979) .  Where t h i s  d e p o s i t  h a s  
been eroded,  as i n  t h e  Boulder P a t c h  of S t e f a n s s o n  Sound ( ~ e i m n i t z  and Ross, 
1979) ,  d e p o s i t s  of e x o t i c  c o b b l e s ,  g r a v e l ,  and b o u l d e r s  remain,  

From o f  t h e  Kuparuk R i v e r  w e s t  t o  Barrow, t h e  o u t e r  c o a s t a l  p l a i n  i s  
u n d e r l a i n  mainly  by P l e i s t o c e n e  marine  sandy  s i l t  and c l a y  of t h e  Gubik 
Formation,  e x c e p t  f o r  P l e i s t o c e n e  sandy a l luvium a l o n g  t h e  Meade, P i s s u k ,  
Chipp, Ikpikpuk,  and C o l v i l l e  R i v e r s  and  between s o u t h e r n  Admiralty Bay and 
t h e  w e s t e r n  s h o r e  of Teshekpuk Lake ( F i g .  3 ) .  I n l a n d  from Teshekpuk Lake and 
wes te rn  Har r i son  Bay t h e  c o a s t a l  p l a i n  i s  dominated by P l e i s t o c e n e  dune f i e l d s  
of e o l i a n  sand  (Carter and Robinson, 1978) .  The sandy a l l u v i a l  f a n s  o f  t h e  
r i v e r s  w e s t  of  t h e  C o l v i l l e  c o n s i s t  o f  m a t e r i a l  r e d e p o s i t e d  from t h e s e  dune 
areas when t h e  r i v e r s  r e - e s t a b l i s h e d  themselves  i n  l a t e s t  Wisconsin and 
earl iest  Holocene t i m e  (D. M. Hopkins, w r i t t e n  comm., 1 9 8 2 ) ,  Much of  t h e  
o u t e r  c o a s t a l  p l a i n  and s h o r e l i n e  from t h e  Kogru River t o  Barrow i s  u n d e r l a i n  
by marine  sandy  s i l t  of  t h e  Flaxman Member which c o n t a i n s  b o u l d e r s  o n l y  i n  
l o c a l  p a t c h e s ,  On t h i s  w e s t e r n  h a l f  o f  t h e  Beaufor t  c o a s t ,  t h e  i n n e r  and 
o u t e r  c o a s t a l  p l a i n  i s  s e p a r a t e d  by a l i n e  o f  mounds and r i d g e s  which ex tend  
from Barrow sou theas tward  a l o n g  t h e  n o r t h  s i d e  of Teshekpuk Lake t o  S a k t u i n a  
P o i n t  and t h e  Eskimo I s l a n d s .  Th is  r i d g e  i s  u n d e r l a i n  by P l e i s t o c e n e  beach 
d e p o s i t s  ( s a n d  and f i n e  g r a v e l )  of t h e  Gubik Formation,  c o n t a i n s  a mix ture  of 
p e b b l e s  o f  Brooks Range and Flaxman o r i g i n ,  and may b e  a c o n t i n u a t i o n  of a 
former  P l e i s t o c e n e  i s l a n d  c h a i n  r e p r e s e n t e d  today  by Pingok, B e r t o n c i n i ,  
Bodfish ,  and C o t t l e  I s l a n d s  (Hopkins and Har tz ,  1978) .  

The geology of  o f f s h o r e  i s l a n d s  v a r i e s  from modern, c o n s t r u c t i o n a l  bod ies  
t o  e r o s i o n a l  remnants of t h e  c o a s t a l  p l a i n .  Low-lying i s l a n d s  off t h e  mouths 
o f  major r i v e r s  are emergent d e p o s i t i o n a l  s h o a l s  o f  f i n e ,  p o s s i b l y  r i v e r  
sand.  G u l l  I s l a n d ,  o f f  Prudhoe Bay, may b e  o f  a s imi la r  h i s t o r y  and 
c o n s t r u c t e d  of sand from t h e  Sagavan i rk tok  River .  Most o t h e r  n e a r s h o r e  
i s l a n d s ,  which t e n d  t o  be  more equ id imens iona l  t h a n  t h e  o u t e r  b a r r i e r  i s l a n d s  
and rise a b o u t  4 meters above s e a  l e v e l ,  a r e  e r o s i o n a l  remnants o f  t h e  
mainland, T igvar iak  I s l a n d ,  t h e  Niakuk Xslands,  and Flaxman I s l a n d  are a l l  
composed o f  t h e  Flaxman Formation o r  i t s  e r o s i o n a l  remnant. The Eskimo 
I s l a n d s  of wes te rn  Har r i son  Bay a r e  a p p a r e n t l y  remnants o f  P l e i s t o c e n e  beach 
and pebb ly  sand,  w h i l e  i s l a n d s  o f f  Pogik Bay f u r t h e r  t o  t h e  w e s t  appear  t o  be 
remnant P l e i s t o c e n e ,  non-marine sed iments  (Hopkins and  Hartz ,  1978) .  



The t h r e e  c h a i n s  o f  c u r v i l i n e a r  b a r r i e r  i s l a n d s  l y i n g  f u r t h e r  o f f s h o r e ,  
running from Brownlow P o i n t  t o  Reindeer  I s l a n d ,  from P o i n t  McIntyre t o  metis  
I s l a n d ,  and from Cape Simpson t o  P o i n t  Barrow, a r e  mos t ly  r e c e n t  
c o n s t r u c t i o n a l  accumulat ions  of sand  and  g r a v e l ,  a l t h o u g h  Flaxman I s l a n d  i n  
t h e  f i r s t  c h a i n  and C o t t l e ,  Bodf i sh ,  B e r t o n c i n i ,  and Pingok I s l a n d s  of t h e  
c e n t r a l  c h a i n  have c o r e s  o f  P l e i s t o c e n e  sed iments  (Hopkins and Hartz, 1978).  
These o f f s h o r e  e r o s i o n a l  remnants s t a n d  3 t o  10 meters h i g h  and s u p p o r t  t u n d r a  
v e g e t a t i o n .  The c o n s t r u c t i o n a l  i s l a n d s ,  o r  c o n s t r u c t i o n a l  p o r t i o n s  o f  
e ros iona l - remnant  i s l a n d s ,  s t a n d  3 meters o r  less above s e a  l e v e l ,  Pebble  
l i t h o l o g i e s  d i f f e r  g r e a t l y  from i s l a n d  g r o u p  t o  i s l a n d  g roup  w i t h i n  t h e  i s l a n d  
c h a i n s ,  r e f l e c t i n g  complex s o u r c e  h i s t o r i e s  ana c l o s e d  c i r c u l a t i o n  cells o f  
m a t e r i a l  w i t h i n  t h e s e  i s l a n d  groups .  

Before  d i s c u s s i n g  o f f s h o r e  geology, i t  i s  u s e f u l  t o  n o t e  t h a t  t h e  major 
change i n  c o a s t a l  geology n e a r  t h e  Kuparuk River  may r e f l e c t  a  b a s i c  
d i f f e r e n c e  i n  r i v e r  and  c o a s t a l  p l a i n  morphology d u r i n g  t i m e s  o f  lowered s e a  
l e v e l .  S lopes  e a s t  o f  t h e  Kuparuk River  are s t e e p e r  t h a n  t h o s e  t o  t h e  west, 
where b o t h  t h e  c o a s t a l p l a i n  and  t h e  c o n t i n e n t a l  s h e l f  are f l a t t e r .  This 
b a s i c  o b s e r v a t i o n  may have s t r o n g  i m p l i c a t i o n s  f o r  P l e i s t o c e n e  d r a i n a g e  
p a t t e r n s ,  and t h u s  i n d i r e c t l y  i n d i c a t e  t h e  p o t e n t i a l  f o r  sand and g r a v e l  
r e s o u r c e s  p r e s e n t l y  a v a i l a b l e  on t h e  c o n t i n e n t a l  s h e l f  (J. Cra ig ,  o r a l  comm., 
1982) .  Braided,  more e n e r g e t i c  r i v e r s  t e n d  t o  dominate t o  t h e  east w h i l e  
meandering, more t r a n q u i l  r i v e r s  dominate  t o  t h e  west. I f  t h i s  s c e n a r i o  were 
t r u e  i n  t h e  p a s t ,  t h e n  s a n d  and p a r t i c u l a r l y  g r a v e l  shou ld  be  f a r  more common 
t o  the east  of t h e  Kuparuk River  and f a r  less common t o  t h e  w e s t .  West of t h e  
Kuparuk R i v e r  g r a v e l  might  b e  found o n l y  n e a r  fo rmer  o r  e x i s t i n g  r i v e r  
channe l s ,  

While a g r e e i n g  w i t h  C x a i g ' s  o b s e r v a t i o n s ,  D. M, Hopkins ( w r i t t e n  comm., 
1982) s u g g e s t s  t h a t  a more fundamental  boundary f o r  g r a v e l  r e s o u r c e s  l ies  a t  
t h e  C o l v i l l e  River, t h e  westernmost  r i v e r  d r a i n i n g  t o  t h e  B e a u f o r t  Sea which 
heads  i n  t h e  Brooks Range. The C o l v i l l e  River  and  s t r e a m s  t o  t h e  e a s t  head i n  
a r e a s  of h i g h  r e l i e f  and f l o w  through v a l l e y s  ca rved  i n  h a r d ,  f i r m l y  l i t h i f i e d  
pre-Cretaceous  rocks .  All of t h e s e  streams have  had g l a c i e r s  i n  t h e i r  upper  
d r a i n a g e s  and a l l  c a r r y  c o a r s e  s a n d s  and g r a v e l s  downstream t o  t h e  p o i n t  where 
t h e  p r e s e n t  d a y  f l u v i a l  regime i s  i n f l u e n c e d  by t i d e s  (E. Reimnitz,  o r a l  
comm., 1982) r e p o r t s  t h a t  a l t h o u g h  t h i s  s c e n a r i o  i s  r e a s o n a b l e  f o r  t h e  p a s t ,  
p r e s e n t l y  no g r a v e l  and l i t t l e  s a n d  i s  b e i n g  d e l i v e r e d  by t h e s e  r i v e r s  t o  t h e  
B e a u f o r t  s h e l f ) .  When s e a - l e v e l  was low, t h e s e  r i v e r s  c a r r i e d  g r a v e l  f a r  
beyond t h e  p r e s e n t  s h o r e s ,  making t h e i r  p a l e o v a l l e y s  pr ime s o u r c e s  o f  f a i r l y  
a c c e s s i b l e ,  s h a l l o w  g r a v e l  on  t h e  c o n t i n e n t a l  s h e l f .  

West of t h e  C o l v i l l e  River ,  however, a 1 1  t h e  s t r e a m s  i n  t h e  Na t iona l  
Petroleum Reserve o f  Alaska (NPRA) head i n  t h e  low r o l l i n g  f o o t h i l l s  j u s t  
s o u t h  of t h e  c o a s t a l  p l a i n .  T h e i r  v a l l e y s  a r e  c a r v e d  i n  soft, most ly  f i n e -  
g r a i n e d  Cre taceous  sed iments ,  and most,  i f  n o t  a l l  o f  them were d e f e a t e d  by 
dune a c t i v i t y  d u r i n g  Wisconsin t i m e  when summer r a i n f a l l  and w i n t e r  s n o w f a l l  
were minimal (D. M. Hopkins, w r i t t e n  comm., 1982) .  The small amounts of 
g r a v e l  a v a i l a b l e  i n  t h e i r  d r a i n a g e  b a s i n s  comes from pebbly  s a n d s t o n e s  i n  t h e  
Cre taceous  d e p o s i t s  and pebb ly  sand  i n  P l e i s t o c e n e  beach d e p o s i t s .  These 
wes te rn  streams p r e s e n t l y  t r a n s p o r t  s a n d  o r  f i n e r  m a t e r i a l s ,  and t h e i r  
p a l e o v a l l e y s  o f f s h o r e  c a n  b e  expec ted  t o  c o n t a i n  o n l y  small b o d i e s  of 
g r a n u l a r ,  predominant ly  sandy a l luv ium.  
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The problems of  e x t r a p o l a t i n g  c o a s t a l  geo logy  t o  t h e  s h e l f ,  based  on a 
r a t h e r  s m a l l  body of  h i g h - r e s o l u t i o n  g e o p h y s i c a l  and core /boreho le  d a t a ,  a r e  
immediately made a p p a r e n t  by t h e  g r e a t  r a n g e  i n  o p i n i o n  a s  t o  t h e  t h i c k n e s s  of 
even t h e  uppermost,  Holocene s e c t i o n .  The n a t u r e  o f  t h e  Holocene material of 
c o u r s e  v a r i e s  g r e a t l y  w i t h  l o c a t i o n ,  r a n g i n g  from t h e  c o a r s e r - g r a i n e d  s i l t s ,  
s a n d s ,  and o c c a s i o n a l  g r a v e l s  o f  o f f s h o r e  beach and modern s h o a l  d e p o s i t s  and 
the cobbly  g r a v e l s  o f  t h e  Flaxman l a g  d e p o s i t s  t o  f i n e r - g r a i n e d  c l a y s ,  s i l t s ,  
and s a n d s  of Holocene l agoona l ,  d e l t a i c ,  and marine  d e p o s i t s .  F igure  4 
summarizes e x i s t i n g  d a t a ,  and o p i n i o n ,  o n  t h e  t h i c k n e s s  o f  Holocene sed iments  
over most o f  t h e  B e a u f o r t  Sea s h e l f .  Data s o u r c e s  f o r  t h i s  map i n c l u d e  work 
by D i n t e r  (1982) ,  Grantz  and o t h e r s  (1982) ,  Reimnitz and o t h e r s  (1972b1, 
Boucher and o t h e r s  ( 1 9 8 1 ) ,  unpubl ished work o f f  Har r i son  Bay by Reimnitz and 
Rodeick, and a  c u r s o r y  look  a t  h i g h  r e s o l u t i o n  geophys ics  and boreho le  l o g s  
o b t a i n e d  by t h e  U.S. G e o l o g i c a l  Survey between Simpson Lagoon and t h e  Canning 
River  (Har tz  and o t h e r s ,  1979) .  

F i g u r e  4a i l l u s t r a t e s  t h e  most complete  a n a l y s i s  of Holocene(?)  sediment  
t h i c k n e s s  on t h e  mid- t o - o u t e r  s h e l f  (Grantz  and  o t h e r s ,  1982; D i n t e r ,  
1982) .  These c o n t o u r s  r e p r e s e n t  t h e  d e p t h  t o  t h e  uppermost prominent sub- 
s e a f l o o r  r e f l e c t o r  i d e n t i f i e d  on USGS Uniboom r e c o r d s ,  u s i n g  a sound v e l o c i t y  
of 1.5 km/sec. Th is  b a s a l  r e f l e c t o r ,  which shows morphological  ev idence  of 
hav ing  once been s u b a e r i a l l y  exposed,  d i p s  o f f s h o r e  r e s u l t i n g  i n  a n  o v e r l y i n g  
s t r a t u m  o f  sed iments  which, on t h e  e a s t e r n  t h i r d  o f  t h e  B e a u f o r t  s h e l f ,  
r e a c h e s  45 m i n  t h i c k n e s s  a t  t h e  p r e s e n t  s h e l f  b r e a k   inter, 1982) .  Except 
fo r  a n  o v e r l y i n g ,  1-10 m t h i c k  l a y e r  o f  i n t e r n a l l y  s t r u c t u r e l e s s ,  hummocky- 
topped sed iments  o v e r  t h e  e a s t e r n  o u t e r  s h e l f ,  t h e  sed iments  l y i n g  above t h e  
b a s a l  r e f l e c t o r  appear  t o  r e p r e s e n t  a n  e p i s o d e  of u n i n t e r r u p t e d  marine 
d e p o s i t i o n ,  presumably d e p o s i t e d  s i n c e  t h e  maximum s e a  l e v e l  lowstand o f  
approx imate ly  17,000 y e a r s  ago. Th is  seaward t h i c k e n i n g  wedge i s  i n t e r r u p t e d  
n o r t h  and n o r t h e a s t  o f  Camden Bay, o f f  B a r t e r  I s l a n d ,  where l o c a l i z e d  Holocene 
u p l i f t  h a s  a p p a r e n t l y  p reven ted  s i g n i f i c a n t  accumulat ion of Holocene sediment  
( D i n t e r ,  1982) .  

An a l t e r n a t i v e  i n t e r p r e t a t i o n  of t h e  d i s t r i b u t i o n  of Holocene sed iments  
on the e a s t e r n  Beaufor t  s h e l f  h a s  been p r e s e n t e d  by Reimnitz and  o t h e r s  
(1982) .  T h e i r  r econna i ssance  work, mainly  on t h e  i n n e r  s h e l f  from t h e  Canning 
River  t o  the Canadian border, d u r i n g  which Uniboom and  s ide -scan  r e c o r d s  and 
s u r f i c i a l  sed iment  samples  were c o l l e c t e d ,  s u g g e s t s  a  t h i n  Holocene sed iment  
c o v e r  ( g e n e r a l l y  t7m) whose t h i c k n e s s  e x i b i t s  no c o r r e l a t i o n  w i t h  w a t e r  d e p t h  
o u t  t o  d e p t h s  of 57 m. A l l  o b s e r v a t i o n s  o f  Holocene ( ? )  t h i c k n e s s  i n  w a t e r  
d e p t h s  g r e a t e r  t h a n  approx imate ly  45 m ,  however, a r e  based  on  a  s i n g l e  
t r a n s e c t  ( l i n e  32)  which r u n s  NNW from B a r t e r  I s l a n d  t o  t h e  s h e l f  break.  Th is  
g e o p h y s i c a l  line conf i rms  t h e  e x i s t e n c e  o f  a  l a r g e  a r e a  o f  minimal Holocene 
sediment  c o v e r  n o r t h  of Camden Bay  inter, 1982) ,  and l i k e  o t h e r  g e o p h y s i c a l  
l i n e s  i n  t h e  a r e a  shows thick s e c t i o n s  o f  s t r a t i f i e d ,  t e c t o n i c a l l y  deformed, 
p robab ly  P l e i s t o c e n e  s t ra ta  d i p p i n g  a t  v a r i o u s  a n g l e s  and t r u n c a t e d  by t h e  
s e a f l o o r  (Reimni tz  and o t h e r s ,  1 9 8 2 ) .  Of f shore  of t h i s  a r e a  of minimal 
Holocene d e p o s i t i o n ,  however, t h e y  do n o t  see ev idence  f o r  t h e  t h i c k e n i n g  
wedge o f  Holocene sed iments  r e p o r t e d  by D i n t e r  (1982) .  F u r t h e r ,  t h e y  c i t e  t h e  
c h a r a c t e r  of t h e  i c e  gouges recorded  on t h e i r  g e o p h y s i c a l  r e c o r d s  fo r  t e n s  of 
k i l o m e t e r s ,  p l u s  a sed iment  sample r e t r i e v e d  a t  a  w a t e r  d e p t h  o f  52  m, a s  
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evidence f o r  a  b l anke t  of re l ic t  g r a v e l s ,  n o t  Holocene marine sediments ,  on 
the o u t e r  s h e l f  (Fig.  5 ) .  

I n  desc r ib ing  the na ture  of s u r f i c i a l  sediments on the  e a s t e r n  Beaufort  
s h e l f ,  Reimnitz and o t h e r s  (1982) s t a t e  

" ~ l l  i n d i c a t i o n s  a r e  t h a t  modern sediment accumulations,  pos s ib ly  
p r e s e n t  i n  lagoons and bays, a r e  e s s e n t i a l l y  l ack ing  on the  open s h e l f .  
The f i n e  gra ined ,  cohesive sediment mapped i n  a  band on the c e n t r a l  s h e l f ,  
may be modern d e p o s i t s  of s e w r a l  meters th ickness ,  and most l i k e l y  t he  
s h o a l s  of the stamukhi zone a r e  c o n s t r u c t i o n a l  f e a t u r e s  pos t -da t ing  the  
l a s t  t r ansg re s s ion .  The coarse granular  m a t e r i a l s  on the  i n n e r  and on the  
o u t e r  s h e l f  seem t o  be r e l i c t  depos i t s .  The r e l i c t  na ture  of the s h e l f  
edge g r a v e l s  has  been d iscussed  by Barnes and Reimnitz (1974) ,  Mowatt and 
Naidu (1 9 7 4 ) ,  and Rodeick ( 1  975) . Their  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 coarse  c l a s t s  compared t o  o v e r a l l  
sediment  a c c r e t i o n  r a t e  b) observed ferromanqanese coa t ings  on cobbles ,  c )  
about  15,000 year  o l d  c i4  ages  f o r  near-surface s h e l f  edge and upper s lope  
sediments ,  d )  source rock cons ide ra t i ons ,  and e )  l ack  of seaward decrease 
i n  sediment g r a i n  s i z e  from coarse gra ined  near  the  sediment source t o  f i n e  
g ra ined  near  the  o u t e r  edge of t he  she l f . "  

According t o  b i m n i t z  and o t h e r s  (1  982), work e a s t  of the Canadian border  
tends  t o  s u b s t a n t i a t e  bo th  the coarse-grained and re l ic t  na ture  of s u r f i c i a l  
s h e l f  sediments (Vi lks  and o t h e r s ,  1979). 

Only a d d i t i o n a l  geophysical ,  and p a r t i c u l a r l y  borehole d r i l l i n g  
informa t i o n  w i l l  p o s i t i v e l y  da t e  the  Holocene ( ? )  r e f  l e c t o r  r epo r t ed  by Dinte r 
( 1  982) ,  a n s w r  whether t he re  a r e  s i g n i f i c a n t  t h i cknes se s  of Holocene sediments 
on the e a s t e r n  Beaufort  s h e l f ,  and show t o  what depth t he  coarse gra ined  
s u r f i c i a l  d e p o s i t s  r epo r t ed  for the  i n n e r  and o u ~ r  s h e l f ,  and a long  the  
shoa l s  of the middle s h e l f ,  extend.  

While s t i l l  i n c r e a s i n g  i n  t h i cknes s  i n  t he  of fshore  d i r e c t i o n ,  the  
Holocene (7) s e c t i o n  i s  r e p o r t e d l y  t h inne r  on the  = s t e r n  two-thirds  of the 
mid-to-outer s h e l f ,  pos s ib ly  r e f l e c t i n g  the  g r e a t e r  d i s t ance  of t h i s  a r e a  from 
the  Mackenzie R i - r  and Brooks Range, o r  a  p re  -Holocene d i f f e r e n c e  i n  
e l e v a t i o n  between the  w s s e r n  and e a s t e r n  s h e l f  (Din te r ,  1 9 8 2 ) .  Offshore from 
Harr ison Bay, Dinter  (1982) and Craig and Thrasher (1982) bo th  r e p o r t  Holocene 
th i cknes se s  reaching  2 5  m. I n  c o n t r a s t ,  unpublished work by Reimnitz and 
Rodeick i n  t h i s  same gene ra l  a r ea  sugges ts  t h a t  Holocene(?) sediments r a r e l y  
exceed 1 0  m i n  t h i cknes s ,  and seldom 5 rn i n  t h i cknes s  (F ig .  4b). Reimnitz and 
Barnes ( o r a l  comm., 1982) have c o n s i s t e n t l y  i d e n t i f i e d  a r e f l e c t o r  on high- 
r e s o l u t i o n  geophysical  r eco rds ,  gene ra l l y  on the  i n n e r  s h e l f ,  which l i e s  on ly  

- a  few meters below the  ice-gouged sediment-water i n t e r f a c e .  They have 
t e n t a t i v e l y  des igna ted  t h i s  a s  t he  base of the  Holocene, r e f l e c t i n g  t h e i r  
assumption t h a t  Holocene marine sediments a r e  p r e s e n t l y  be ing ,  and have always 
been, reworked t o  the p o i n t  of homogenization by ice-gouging processes .  This  
assumption, according t o  Wimni tz  and Barnes (oral comm., 1982) makes t he  
formation of a r e f l e c t o r  du r ing  the  Holocene, a s  would be r equ i r ed  i f  a  
cons iderab ly  deeper b a s a l  r e f l e c t o r  i s  chosen, impossible .  Din te r  and Grantz  
( w r i t t e n  comm., 1982) see l i t t l e  o r  no evidence f o r  t h i s  shal low r e f l e c t o r  on 
the mid-to-outer shelf, b u t  f e e l  t h a t  t he  presence of such a r e f l e c t o r  would 



n o t  i n  i t s e l f  r u l e  o u t  a deeper  b a s e  t o  t h e  Holocene s e c t i o n .  Such r e f l e c t o r s  
c o u l d  have formed d u r i n g  well-documented i r r e g u l a r i t i e s  i n  t h e  a b l a t i o n  
h i s t o r y  o f  t h e  L a u r e n t i d e  Ice S h e e t .  

Again, i t  i s  obv ious  t h a t  t h e r e  i s  much need f o r  h i g h - r e s o l u t i o n  s e i s m i c  
i n f o r m a t i o n  which o v e r l a p s  t h e  e x i s t i n g  i n n e r  and mid-to-outer s h e l f  d a t a  
sets. F u r t h e r ,  t h e  need t o  t r a n s l a t e  a c o u s t i c  s t r a t i g r a p h y  i n t o  t r u e  geology 
u s i n g  b o r e h o l e  i n f o r m a t i o n ,  p a r t i c u l a r l y  i n  a n  a r e a  c h a r a c t e r i z e d  by sed iments  
c o n t a i n i n g  s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  s h a l l o w  g a s  and permaf ros t ,  h a s  been 
w e l l  documented on t h e  i n n e r  s h e l f .  

On t h e  i n n e r  s h e l f ,  where b o r e h o l e s  and c o r e s  supplement t h e  geophys ica l  
d a t a  coverage,  r e s e a r c h e r s  g e n e r a l l y  a g r e e  t h a t  Holocene sed iments  a r e  t h i n ,  
r a r e l y  r e a c h i n g  10 meters i n  t h i c k n e s s  (F ig .  4c,  d ) .  E a r l y  work i n  Simpson 
Lagoon sugges ted  a r e a s  o f  s i g n i f i c a n t l y  g r e a t e r  Holocene sed iment  accumulat ion 
(Reimni tz  and o t h e r s ,  1972b) ,  b u t  subsequen t  work i n  t h e  a r e a  showed t h a t  t h e  
a c o u s t i c  s t r a t i g r a p h y  upon which t h i s  i n c o r r e c t  i n t e r p r e t a t i o n  was based  was 
s i g n i f i c a n t l y  i n f l u e n c e d  by t h e  p resence  o f  gas-charged sed iments  (Boucher 
and o t h e r s ,  1981).  F u r t h e r  p o s s i b l e  e x c e p t i o n s  t o  t h e  v e r y  t h i n  n a t u r e  of 
Holocene cover  a r e  a r e a s  east o f  B a r t e r  I s l a n d ,  a  tongue o f  d e l t a i c  sediments  
o f f  t h e  Sagavanirktok River ,  a r e a s  n o r t h  o f  Ol ik tok  P o i n t ,  and w e s t e r n  
~ a r r i S 0 n  Bay. 

Beneath t h e  Holocene sed iment  cover ,  o f f s h o r e  f a c i e s  f o r  any g i v e n  u n i t  
are predominant ly  s i l t  and c l a y ,  r e p r e s e n t i n g  deeper-water  f a c i e s  o f  t h e  beach 
d e p o s i t s  and n e a r s h o r e  f i n e  s a n d s  t h a t  a r e  commonly recognized  onshore  (D. M. 

Hopkins, w r i t t e n  comm., 1982) .  

~ e c o n n a i s s a n c e  work i n  t h e  Kogru R i v e r ,  w e s t e r n  H a r r i s o n  Bay, produced 
s e i s m i c  r e f l e c t i o n  r e c o r d s  which e x h i b i t  u n u s u a l l y  s t r o n g ,  l i n e a r ,  and 
con t inuous  r e f l e c t o r s  t o  a sub-bottom depth of a b o u t  70 m (Barnes  and o t h e r s ,  
1977a; Reimnitz and o t h e r s ,  1 9 7 7 ~ ) .  They t e n t a t i v e l y  i d e n t i f y  a t  leas t  two 
u n i t s  w i t h i n  t h i s  70 m s e c t i o n  which u n d e r l i e  0-5 m o f  r e c e n t  ( ~ o l o c e n e )  f i l l :  
10 m of f l a t  l y i n g  e o l i a n ,  l a c u s t r i n e ,  beach ,  and  s h a l l o w  marine  sed iments  
be long ing  t o  t h e  Barrow U n i t  o f  t h e  Gubik Formation  lack, 1964) ,  and a t  
l e a s t  50 m of a un i fo rmly  d i p p i n g  s e c t i o n  (1.3' toward N N E )  which c a n  be 
t r a c e d  northward i n t o  Har r i son  Bay. The d i f f e r e n c e  i n  s e i s m i c  c h a r a c t e r  of 
t h e s e  r e c o r d s  from t h o s e  c o l l e c t e d  on t h e  i n n e r  s h e l f  t o  t h e  e a s t ,  p l u s  t h e  
less jumbled, more s t r a t i f i e d  n a t u r e  o f  s u b a e r i a l  o u t c r o p s  of t h e  Gubik 
Formation w e s t  of Cape H a l k e t t  may b e  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a boundary 
which s e p a r a t e s  Quaternary Gubik d e p o s i t s  u n d e r l y i n g  t h e  c o a s t a l  p l a i n  from 
Barrow t o  Cape n a l k e t t  on t h e  west f rom t h o s e  t o  t h e  e a s t  (Reimni tz  and 
o t h e r s ,  1 9 7 7 ~ ) .  

C r a i g  and Thrasher  (1 982) i d e n t i f y  a  P l e i s t o c e n e  s e c t i o n  i n  t h e  v i c i n i t y  
of Har r i son  Bay w i t h  a  b a s a l  r e f l e c t o r  a t  a b o u t  100 m below sea l e v e l ,  t h e  
n a t u r e  of t h i s  s e c t i o n  p o s s i b l y  s h i f t i n g  from non-marine n e a r e r  s h o r e  t o  
marine  a t  a b o u t  3 2  m w a t e r  d e p t h  (F ig .  6). According t o  C r a i g  and Thrasher  
(19821, t h e  non-marine s e c t i o n  i s  c h a r a c t e r i z e d  by a he te rogeneous ,  high- 
r e l i e f  upper  s u r f a c e  similar i n  topography t o  t h a t  o f  t h e  Arctic c o a s t a l  
p l a i n ,  w i t h  V-shaped stream c h a n n e l s ,  the rmokars t  topography, thaw l a k e s ,  and 
beach r i d g e s .  I n  c o n t r a s t ,  t h e  marine  s e c t i o n ' s  u p p e r  s u r f a c e  i s  s h a r p ,  
h i g h l y  r e f l e c t i v e ,  and of low r e l i e f  ( C r a i g  and Thrasher ,  1982) .  Because t h e  
t r a n s i t i o n  from marine  t o  non-marine sed iment  h a s  i m p o r t  i m p l i c a t i o n s  f o r  t h e  
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p r e s e n c e  of c o a r s e ,  g r a n u l a r  materials i n  Har r i son  Bay, i t  i s  impor tan t  t o  
n o t e  t h a t  t h i s  p r e l i m i n a r y  i n t e r p r e t a t i o n  i s  based  s o l e l y  upon a c o u s t i c  
s t r a t i g r a p h y  which i n  t h e  l i g h t  of t h e  known occur rence  o f  s h a l l o w  gas ana 
p e r m a f r o s t  must b e  viewed w i t h  c a u t i o n .  A p o s s i b l e  a l t e r n a t i v e  e x p l a n a t i o n  
f o r  t h e  r e f l e c t o r  d e s c r i b e d  by C r a i g  and Thrasher  (1982)  which l i es  a b o u t  
100 m below t h e  s e a  f l o o r ,  i f  i n  f a c t  i t  r e p r e s e n t s  t r u e  s t r a t i g r a p h y ,  i s  t h a t  
it i s  a weathered s u r f a c e  c u t  on  P l e i s t o c e n e  marine  c l a y s  and t h u s  r e p r e s e n t s  
a compaction boundary w i t h i n  a predominant ly  f i n e - g r a i n e d ,  presumably 
P l e i s t o c e n e  s e c t i o n  (D. M, Hopkins, w r i t t e n  comm., 1982) .  

I n  Simpson Lagoon, Reimnitz and o t h e r s  (1972b) i d e n t i f i e d  t h r e e  sub- 
s u r f a c e  r e f l e c t o r s  on h i g h - r e s o l u t i o n  seismic r e c o r d s  which may c o r r e l a t e  w i t h  
t h e  work o f  C r a i g  and Thrasher  (1982) i n  Har r i son  Bay. Horizon A of  Reimnitz 
and o t h e r s  (1972b) ,  l y i n g  g e n e r a l l y  l e s s  t h a n  5-10 m below t h e  s e a  f l o o r ,  was 
i n t e r p r e t e d  a s  t h e  b a s e  of t h e  Holocene, T h e i r  hor izon  B, r a n g i n g  from 
approx imate ly  100-200 m below t h e  s e a  f l o o r  (based  on a sound v e l o c i t y  of 
4500 m/sec) may be  t h e  b a s e  o f  t h e  P l e i s t o c e n e  Gubik Formation t e n t a t i v e l y  
i d e n t i f i e d  i n  H a r r i s o n  Bay by C r a i g  and Thrasher  (1 982) a t  100 m dep th .  This  
i n t e r p r e t a t i o n  f i t s  w e l l  w i t h  t h a t  o f  Payne and o t h e r s  (1952) and Howitt 
(1971) who c a l l e d  f o r  t h e  Gubik Formation t o  l i e  unconformably on t h e  T e r t i a r y  
Sagavanirktok Formation i n  t h i s  a r e a .  The chosen sound v e l o c i t y  o f  4500 m/sec 
may b e  2-3 times t o o  h i g h  f o r  Gubik sed iments ,  however, a v e l o c i t y  of 1700- 
1900 m/sec b e i n g  more l i k e l y  (D. D i n t e r ,  w r i t t e n  comm., 1982) .  Although t h i s  
change would reduce  t h e  d e p t h  t o  h o r i z o n  B t o  approx imate ly  40-80 m,  it might  
s t i l l  t i e  i n  w i t h  t h e  major r e f l e c t o r  i d e n t i f i e d  by C r a i g  and Thrasher  
(1982) .  The d e e p e s t  h o r i z o n  d e s c r i b e d  by Reimnitz and o t h e r s  (1972b) ,  Horizon 
C,  t i e d  i n  r e a s o n a b l y  w e l l  w i t h  Howi t t ' s  (1971) marker h o r i z o n  10 on l a n d  when 
a sound v e l o c i t y  o f  4500 m/sec w a s  used,  a l t h o u g h  t h e  a p p r o p r i a t e n e s s  of t h i s  
sound v e l o c i t y  i s  unknown. 'Ihis u n i t ,  c h a r a c t e r i z e d  by large s c a l e  c r o s s -  
bedding,  d i p p i n g  g e n t l y  o f f s h o r e ,  p robab ly  l ies  w i t h i n  t h e  T e r t i a r y  
Sagavanirktok Formation. 

E a s t  o f  Simpson Lagoon t h e  n e a r s h o r e  Quaternary s t r a t i g r a p h y  can  be t i e d  
t o  n i n e  b o r e h o l e s  on t h e  i n n e r  s h e l f  n o r t h  o f  Prudhoe Bay (Chamberlain and 
o t h e r s ,  1978; Smith and Hopkins, 1979; Hopkins and o t h e r s ,  1979) and 20 c o r e s  
c o l l e c t e d  f o r  t h e  U ,  S.  Geolog ica l  Survey between t h e  Kuparuk and Canning 
R i v e r s  ( H a r t z  and o t h e r s ,  1979) .  Some c o r e s / b o r e h o l e s  are topped by a 
Holocene marine  mud and f i n e  s a n d  (3-10 m t h i c k )  sometimes u n d e r l a i n  by 1-2 m 
of b a s a l  Holocene beach d e p o s i t s ,  which a r e  i n  t u r n  u n d e r l a i n  by 10-20 m of 
non ice-bonded g l a c i a l  outwash sand  and  g r a v e l  (Gubik).  Below t h e  outwash 
m a t e r i a l  i n  t h e s e  h o l e s  l i e s  a t h i c k  a l l u v i a l  s e c t i o n  of sand and g r a v e l  
(Gubik) ,  a g a i n  g e n e r a l l y  non ice-bonded, which r e a c h e s  d e p t h s  o f  o v e r  100 m 
(Humble C-I h o l e  on Reindeer  I s l a n d  bottomed o u t  i n  a l l u v i a l  g r a v e l s  a t  a 
d e p t h  of a t  least  133 m )  ( F i g .  7 ) .  According t o  Howitt (1971 ) ,  t h e s e  sands  
and g r a v e l s  are n e a r l y  170 m t h i c k  i n  some p l a c e s  n e a r  t h e  c o a s t .  

Other  h o l e s  show a much o l d e r ,  o v e r c o n s o l i d a t e d  c l a y  covered by a l a y e r ,  
less t h a n  1.5 m t h i c k ,  o f  b o u l d e r s  d e r i v e d  from t h e  Flaxman Member. These 
boulders are imbedded i n  s o f t ,  ephemeral  muds, Beneath t h e  o v e r c o n s o l i d a t e d  
c l a y ,  which i s  g e n e r a l l y  ice-bonded below d e p t h s  of a f e w  meters, l ies  more 
c l a y  o r  ice-bonded g r a v e l .  Where t h i s  o v e r c o n s o l i d a t e d  c l a y  i s  u n d e r l a i n  by 
ice-bonded g r a v e l ,  the  g r a v e l  a t  l e a s t  t o  d e p t h s  of a b o u t  40 m i s  probab ly  
v a l l e y  f i l l  d e p o s i t e d  d u r i n g  p r e - t o - e a r l y  P l e i s t o c e n e  c y c l e s  o f  lowered s e a  
l e v e l  which were t h e n  covered by e a r l y  P l e i s t o c e n e  i n t e r g l a c i a l  marine c l a y s  



(D. M. Hopkins, w i t t e n  comm., 1982) 

According t o  PO A. Smith ( w i t t e n  comm., 1982),  h e r e  t h e  Flaxman member 
does occur ,  it is t h i n  (1  1/2- 3 1/2 m) and is o v e r l a i n  by 1/2 to 11 1/2 m of 
Holocene marine mater ia l .  I t ,  i n  t u r n ,  genera l ly  o v e r l i e s  t h e  
overconsol idated c l a y  of t h e  Pelukian t r a n s g r e s s i o n  (Sangamon). However, i n  
boreholes  HLA-16 and HLA-18, t h e  Flaxman is  separa ted  from t h e  Sangamon by a 9 
t o  14 m t h i c k  sequence of nearshore ( ? )  marine silts and s i l t y  sands t h a t  a r e  
e i t h e r  b a r r e n  of micxofas s i l s  o r  have very  depauperate assemblages. 

These borehole  and core  r e s u l t s  have been used by Hartz and Hopkins 
(1980) t o  p re sen t  t h e  fo l lowing  model f o r  t h e  Quaternary s t r a t i g r a p h y  of t h e  
Beaufort  c o a s t  and s h e l f ,  which i s  supported by micropaleontological  data and 
i s  of  p a r t i c u l a r  re levance  t o  a n  understanding of  sources  of un-bonded grave l :  

''During t h e  he igh t  of knrld-wide c o n t i n e n t a l  g l a c i a t i o n  t h a t  culminated 
about  18,000 y e a r s  ago, s e a  l e v e l  bas l o w r e d .  The Bering Sea s h e l f  was 
exposed s e a w r d  t o  about t h e  present-day 90-meter i soba th .  The p o s i t i o n  of 
t h e  s h o r e l i n e  i n  t h e  Beaufort  Sea 18,000 yea r s  ago l a y  somewfiere seaward of 
t h e  20-meter iaobath  and borehole d a t a  suggest,  i n  fact, t h e  relative sea 
l e v e l  f e l l  a t  l e a s t  90 m below p r e s e n t  i n  t h e  Beaufort  Sea. The mantle of 
marine silt  and c l a y ,  depos i ted  dur ing  Sangamon t i m e  (approx. 120,000 y e a r s  
ago ) ,  became f rozen  a s  d i d  t h e  underlying grave ls .  The t o t a l  t h i ckness  of 
bonded permafrost  formed a t  any p a r t i c u l a r  p l a c e  depended p a r t l y  upon t h e  
d u r a t i o n  of  exposure t o  s u b a e r i a l  temperatures ,  b u t  t h i cknesses  of several 
hundred meters  = r e  formed i n  most a r e a s  of t h e  s h e l f  landward of t h e  
p r e s e n t  20-meter isobath.  

The major r i v e r s  d ra in ing  t h e  north s lope  of t h e  Brooks Range aggraded 
and formed outwash f a n s  extending a c r o s s  much of t h e  present-day c o a s t a l  
p l a i n ,  a l though t h e  edges of most of t h e  f a n s  l a y  wi th in  a k i lometer  i n l and  
of o r  seahard of t h e  p r e s e n t  c o a s t l i n e .  Seaward from t h e  edges of t h e  
f a n s ,  t h e  r i v e r s  removed t h e  anc i en t  marine s i l t  and c l a y  t o  form broad, 
sha l low v a l l e y s  graded t o  t h e  s h o r e l i n e  of t h e  t i m e .  By analogy with t h e  
b ra ided  g rave l  f lood-p la ins  of present-day nor th  s lope  r i v e r s  we may assume 
t h a t  t h e  t o p  of t h e  ice-bonded l a y e r  l a y  a t  depths of s e v e r a l  t e n s  of 
meters  beneath t h e  r i v e r  channels  b u t  a t  depths  of less t h a n  a meter 
beneath uplands mantled with overconsol idated marine s i l t  and c lay .  

As c o n t i n e n t a l  g l a c i e r s  waned and s e a  l e v e l  began t o  r i s e ,  t h e  sha l low 
r i v e r  v a l l e y s  w r e  drowned. I n  t h e  absence of a cover of anc i en t ,  
overconsol ida ted  marine s i l t  and c l ay ,  t h e  co ld  b u t  s a l t y  sea water gained 
ready access  t o  t h e  underlying gravel .  I c e  i n  t h e  g rave l  was t h a w d  
rap id ly  and deeply by s a l t  advection. Ul t imate ly  t h e s e  v a l l e y s  began t o  

- c o l l e c t  Holocene sediments c a r r i e d  by c u r r e n t  from t h e  r i v e r  mouths. 

Although t h e  sea t r ansg res sed  over  t h e  s l i g h t l y  h igher  p l a i n s  away from 
t h e  s e a  v a l l e y s ,  s a l t  water was prevented from ga in ing  access  t o  t h e  
p o t e n t i a l l y  porous g rave l  s u b s t r a t e  by t h e  mantle of t i g h t  overconsol ida ted  
marine depos i t s .  Consequently t haMng  of i c e  i n  t h e  sha l low bonded 
permafrost  could  progress only by h e a t  d i f f u s i o n  and s a l t  d i f fus ion .  The 
water temperatures  w r e  below zero and si l t  d i f f u s i o n  progressed very 
slowly. A s  a r e s u l t ,  thawing has  progressed  extremely slowly and only t o  a 
very l i m i t e d  depths i n  most a r e a s  mantled by t h e  overconsol ida ted  marine 



s i l t  and clay."  

Only t h e  Sagavanirktok pa l eova l l ey ,  which seems t o  run  nor th  and w e s t  
from Prudhoe Bay, ha s  appa ren t ly  been documented. One would expec t  s i m i l a r  
sand and g r a v e l  f i l l e d  v a l l e y s  o f f  most of t h e  r i v e r s  p r e s e n t l y  reaching t h e  
Beaufort  c o a s t ,  p a r t i c u l a r l y  from t h e  Kuparuk River t o  Camden Bay and from 
Pokok Bay t o  Demarcation P o i n t  ( D .  M.  Hopkins, w r i t t e n  comm., 1982). Also, 
accord ing  t o  t h i s  model t h e  remnants of  Flaxman Member exposed a long  t h e  c o a s t  
a r e  remnants of i n t e r f l u v e s  between t h e  r i v e r  va l l eys .  

I t  i s  extremely important  t h a t  t h e  n a t u r e  of t h e  P l e i s tocene  s e c t i o n  be  
b e t t e r  def ined  f o r  t h e  e n t i r e  Beaufort  s h e l f ,  p a r t i c u l a l y  e a s t  of t h e  C o l v i l l e  
River ,  s i n c e  the d e l i n e a t i o n  of marine and non-marine s e c t i o n s  i s  e s s e n t i a l  t o  
an  e v a l u a t i o n  of sand and g r a v e l  resources .  The non-marine s e c t i o n  should 
g e n e r a l l y  be  cha rac t e r i zed  by outwash and a l l u v i a l  g r a v e l s ,  wh i l e  t h e  marine 
s e c t i o n s ,  where n o t  eroded, should be  cha rac t e r i zed  by ice-scoured c l a y ,  s i l t ,  
pebbly sand and mud. 

ANTICIPATED REQUIREMENTS FOR SAND AND GRAVEL 

The importance o f  s t r u c t u r e s  u t i l i z i n g  sand and g r a v e l  f i l l  dur ing  
o f f  shore  exp lo ra t i on  and development was d i scussed  by Weller e t  a l .  (1 978). 
For example, a requirement f o r  7 t o  14  e x p l o r a t i o n  p l a t f  orms and 4 t o  18 
product ion  p la t forms  i s  a n t i c i p a t e d  w i t h i n  t h e  S a l e  71 area (Memorandum of 
Oct. 17,  1980, D i r ec to r ,  U, S. Geological  Survey t o  Di r ec to r ,  U. S.  Bureau of 
Land Management). Some sand and g r a v e l  f i l l  used i n  exp lo ra t i on  i s l a n d s  w i l l  
probably be recyc led  f o r  u s e  i n  product ion  i s l a n d s .  S t r u c t u r e s  i n  water  less 
than  15 m deep a r e  l i k e l y  t o  c o n s i s t  of a r t i f i c i a l  sand and g r a v e l  i s l a n d s  
defended by sandbags or  o t h e r  coa r se  armoring m a t e r i a l  b u t  o therwise  
unconstrained. Fa r the r  seaward, b u t  w i t h i n  depths  less than  30 m,  a r t i f i c i a l  
i s l a n d s  confined by conc re t e  c a i s s o n s  a r e  l i k e l y ,  e s p e c i a l l y  du r ing  t h e  
e a r l i e r  yea r s  of e x p l o r a t i o n  and development. A s  exp lo ra t i on  progresses  
movable monocones a s  descr ibed  by Jahns (1979) may be  used i n  water  deeper  
t han  10  o r  15 m. Ul t imate  sand and g r a v e l  requirements f o r  o f f sho re  
s t r u c t u r e s  i n  t h e  Sa l e  71 a r e a  a l o n e  w i l l  probably be between 1 and 

6 3 10 x 10 m , In  t h e  Canadian Beaufort ,  Gulf Canada Resources,  Inc.  i s  
planning t o  deploy mobile A r c t i c  Caissons i n  dep ths  ranging up t o  20 m ,  and 
poss ib ly  40 m. These ca i s sons  o r  l a r g e  r i n g s  of s t e e l  w i l l  be  placed on 
n a t u r a l  o r  a r t i f i c i a l l y  dredged sha l low berms and then  f i l l e d  wi th  sand a s  
b a l l a s t .  A s i n g l e  c a i s s o n  s u i t a b l e  f o r  use  i n  20 m of water  would r e q u i r e  
approximately 9 x 10 m3 of sand as  b a l l a s t  (Sea !Jkchnology, S t a f f  Report, 
1982).  

The b u r i a l  of o f f s h o r e  p i p e l i n e s  t o  p r o t e c t  them from t h e  e f f e c t s  of i c e  
gouging w i l l  r e q u i r e ,  according t o  plans proposed by EXXON, approximately 6 x 

3 3 10 m of g r a v e l  p e r  k i lometer  of  t r ench  (E. Reimnitz,  o r a l  comm., 1982).  

Fu ture  leases i n  f e d e r a l  wa te r s  of t he  a rc t i c  c o a s t  i n  t h e  Northern 
Bering, Chukchi and Beaufort  s e a s  w i l l  c a l l  f o r  t h e  u t i l i z a t i o n  of sand and 
g r a v e l  i s l a n d s  a s  development p l a t fo rms  i n  sha l low water .  work i n  t h e  Prudhoe 
Bay a r e a  h a s  a l r eady  l e a d  t o  t h e  removal of about  7 x 1 o6 m3 of g r ave l  from 
t h e  Sagavanirktok River (E. Reimnitz, o r a l  comm,, 1982) .  

The g r e a t e r  d i s t a n c e  of t h e  bulk of t h e  S a l e  71 a r e a  from Prudhoe Bay may 



c a l l  f o r  new l o g i s t i c  bases  on shore. A c u r r e n t l y  proposed causeway-dock t h a t  
would ex tend  the n a t u r a l  s p i t  a t  Oliktok Po in t  might se rve  the Sale  71 area a s  
w e l l  a s  the  nearby onland product ion a reas .  Other l i k e l y  sites f o r  new 
l o g i s t i c  bases  a r e  promontories near deep water such a s  t h a t  of Camp Lonely, 
where a D E W - l i n e  site and the l o g i s t i c  base f o r  e x p l a r a t i o n  of the  National  
Petroleum Reserve of Alaska a r e  a l r eady  s i t u a t e d .  A new l o g i s t i c  base would 
c r e a t e  a cont inuing and g r e a t  need f o r  g rave l  f o r  s torage  pads a s  w31l  a s  for 
maintenance of the landing  dock. To ta l  requirements would probably be about  

6 3 1 x 1 0  m .  

SOURCES OF SAND AND GRAVEL 

Onshore F&sources 

Upland sources  of g r a w l  a r e  abundant and widespread e a s t  of the ColviLle 
River, and sand unde r l i e s  v a s t  mainland a r e a s  -st of the  Co lv i l l e  River and 
sou th  of Kogru River,  but most of the reg ion  no r th  of the Kogru Peninsula  and 
Teshekpuk Lake i s  devoid of u s e f u l  c o n m n t r a t i o n s  of sand and g r a w l .  The 
onshore reg ion  e a s t  of the ColviLle River i s  s imilar  t o  the reg ion  around 
Prudhoe Bay i n  t h a t  f rozen  g rave l  i s  p r e s e n t  laearly everywhere a t  depths no 
g r e a t e r  than  5 m. The overburden c o n s i s t s  mostly of p e a t ,  s i l t ,  and f i n e  
sand. W s t  of the Co lv i l l e  River,  q u a n t i t i e s  of f rozen  dune sand s t a b i l i z e d  
by t u r f  o r  a t h i n  cover of peat under l ie  the mainland south  of the Kogru River  
and Tkshekpuk Lake (Fig. 8 ) .  

Immediately no r th  of the b e l t  of s t a b i l i z e d  dune sand i s  a belt 25-35 km 
wide of marine s i l t y  f i n e  sand which extends westward from Kogru River through 
'Jkshekpuk Lake. 

Small amounts of coarse fill might be obtained from small bodies  of sandy 
5 3 g r a w l  and pebbly sand (about  1.0 x 10  m each )  t h a t  occur  a s  l o w  h i l l o c k s  

and mounds sca t - red  i n  a l i n e a r  b e l t  ex tending  from the  Eskimo I s l ands  
westward through the  southern  p a r t  of Kogru Peninsula and a long  the no r th  
shore of Tkshekpuk Lake. The sandy g rave l  i s  f rozen  and is o v e r l a i n  by p e a t ,  
s i l t ,  and f i n e  sand gene ra l ly  less than  1 m t h i ck .  

Northward from t h i s  s t r i p  of g rave l ly  h i l l o c k s ,  the A r c t i c  Coas ta l  P l a i n  
is under la in  by i c e - r i c h  p e a t  and s i l t y ,  pea ty ,  thaw-lake d e p o s i t s  s e v e r a l  
meters  th ick .  Be neath these  d e p o s i t s  l i e  f rozen  overconsol idated c l a y  and 
s i l t  l o c a l l y  conta in ing  concent ra t ions  of boulders .  Local concent ra t ions  of  
boulders  might be s u f f i c i e n t l y  abundant t o  f u r n i s h  r i p r a p  t o  armor a r t i f i c i a l  
i s l a n d s  a g a i n s t  s u r f  e ros ion .  There a r e  no o t h e r  known sources  of m a t e r i a l  
u se fu l  i n  cons t ruc t ion  of p i e r s  and of fshore  i s l a n d s  i n  t h i s  30-km-wide b e l t  
of the a r c t i c  c o a s t a l  p l a i n  nor th  of Tkshekpuk Lake and west of Harrison my. 

The beaches a long  the c o a s t  of Beaufort  Sea a r e  narrow and t h i n  and 
con ta in  only  small  q u a n t i t i e s  of sand and grave l .  Those from P o i n t  McIntyre 
t o  Pokok Bay tend t o  be g rave l  beaches (Hopkins and Hartz,  19781. Otherwise, 
the onshore resources  e a s t  of Prudhoe a r e  unassessed. The DEW-line l o g i s t i c  
base a t  Camp Lonely has a l r eady  f u l l y  u t i l i z e d  the  f a i r l y  l a r g e  b u t  s t i l l  
l i m i t e d  amount of sand and g rave l  from the beaches t h e r e ,  and l a c k  of a nearby 
source of  a d d i t i o n a l  coarse fill has stopped further expansion of the  site. 



S u r f i c i a l  sources  on t h e  s h e l f  

There a r e  s e v e r a l  p o t e n t i a l  s i tes f o r  sand and g r a v e l  mining on t h e  
s u r f a c e  of t h e  seabed. Most of t h e s e  bodies  a r e  p r e s e n t  because hyd rau l i c  
f o r c e s  are focused a t  t h e s e  l o c a t i o n s ,  s o r t i n g  and concen t r a t i ng  coa r se r  
g ra ined  sediments.  Barnes (1974) contoured t h e  s u r f a c e  t e x t u r e  of sediments 
expressed i n  terms of t h e  mean diameter  ( ~ i g .  9). An updated map o f  Beaufort  
Sea s u r f i c i a l  sediment t e x t u r e s  a s  far e a s t  a s  t h e  Canning River provides  a 
t r u e r  p i c t u r e  of t h e  pa tchy  n a t u r e  of s u r f a c e  sediment types ,  a c h a r a c t e r  
which c o r e s  show t o  extend v e r t i c a l l y  a s  w e l l  a s  l a t e r a l l y  (Barnes and o t h e r s ,  
1980) (Fig.  1 0 ) .  In F igure  10 c l a s s i f i c a t i o n  of sediment t e x t u r e s  s i m i l a r  t o  
t h a t  of Trefethen (1950) was used i n  which t h e  t h r e e  end numbers of g r a v e l ,  
sand, and mud have gravel-sand and sand-mud boundaries  of 2 mm and 0.0625 mm, 
r e spec t ive ly .  This pa t ch ines s  r e s u l t s  from t h e  complex i n t e r a c t i o n  o f  i c e  and 
hydrodynamic f o r c e s  on a t h i n  l a y e r  o f  Holocene sediments and underlying 
sediments whose s u r f a c e  t e x t u r e s  r e f l e c t  e a r l i e r  d e p o s i t i o n a l  environments. 
Maps of p e r c e n t  mud ( ~ 0 . 0 6 2 5  m m ) ,  sand (0.0625-2 mm), and g rave l  ( >  2 m m )  i n  
t h e  s u r f  a c e  sediments ( Figs.  1 1 , 1 2 ,  1 3 show, a s  d o  Figures  9 and 10, t h a t  
sediments tend  t o  be  c o a r s e r  on t h e  e a s t e r n  Beaufort  s h e l f ,  p a r t i c u l a r l y  on 
t h e  c e n t r a l  and o u t e r  shelf. Northeast  of Cross I s l and ,  a band of c o a r s e r  
sediments i nc lud ing  g r a v e l s  seems t o  extend ac ros s  t h e  s h e l f  (Barnes,  1974).  
Figure 1 4  summarizes r e s u l t s  of r e c e n t  work e a s t  of t h e  Canning River 
( ~ e i m n i t z  and o t h e r s ,  1982) and emphasizes t h e  coa r se  na tu re  of t h e s e  
s u r f i c i a l  sediments.  

The a v a i l a b i l i t y  of  g r a v e l  suggested by t h e  s u r f i c i a l  sediment 
d i s t r i b u t i o n  must be  tempered by t h e  u n c e r t a i n  t h i cknes s  and v e r t i c a l  and 
l a t e r a l  v a r i a b i l i t y  of g rave l ,  which i s  known t o  e x i s t  i n  many areas only as a 
s u r f a c e  veneer.  Eas t  of t h e  Canning River  g r a v e l  appears  t o  be  p l e n t i f u l  even 
i n  deep water. Here, d e s p i t e  a c t i v e  i ce  gouging which c r e a t e s  up t o  8 m of 
v e r t i c a l  r e l i e f ,  t h e  s e a f l o o r  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 k i lome te r s ,  sugges t ing  t h a t  on t h e  o u t e r  s h e l f  f a i r l y  
c l e a n ,  coa r se  g ranu la r  m a t e r i a l s  have a t h i cknes s  of  a t  l e a s t  s e v e r a l  meters  
(Reimnitz and o t h e r s ,  1982).  I f  t h i s  s u r f  i c i a l  l a y e r  should i n  f a c t  belong t o  
a seaward th ickening  wedge of unconsol idated sediments  (D in t e r ,  19821, t hen  
t h i s  sou rce  of sand and g r a v e l  would be even more volumous than  suggested by 
Reimnitz and o t h e r ' s  (1  982) inner-to-mid s h e l f  work. 

Some l o c a l  sand s h o a l s  stand no more than  1.5 m above t h e  surrounding 
bottom. Finger  Shoals  i s  a f i e l d  of l i n e a r ,  p a r a l l e l  sand waves o r i e n t e d  
north-south t h a t  are 1.5 m h igh  and 200 m wide, s i t t i n g  on a s u r f a c e  of s t i f f ,  
s i l t y  c lay .  P a c i f i c  Shoal l i e s  t o  t h e  northwest  of Finger  Shoal (Reimnitz and 

3 Minkler, 1981).  These a r e a s  each con ta in  about  100,000 m of sand. A well- 
de f ined  s h o a l  between The t i s  and Spy I s l a n d s  c o n t a i n s  about  10,000 m3 of  c l e a n  
g r w e l  (Fig. 8 ) .  

Sand r idges ,  1 o r  2 m t h i c k  and 100 m o r  more wide, l i e  wi th in  t h e  10 m 
i s o b a t h  i n  a b e l t  extending from Pingok I s l a n d  westward p a s t  Spy and Thetis 
I s l ands .  S tud i e s  by Barnes and Reimnitz (1979) and Reimnitz and o t h e r s  (1980) 
i n d i c a t e  that t h e s e  a r e  a c t i v e  hyd rau l i c  bedforms, Off Pingok I s l and ,  t h e s e  
sand bodies  are longshore and t r a n s v e r s e  b a r s  t h a t  a f f e c t  e ros ion  r a t e s  on 
Pingok I s l and ;  mining would a c c e l e r a t e  e r o s i o n  of t h e  i s l a n d .  However, mining 
of t h e  western p a r t  of  t h e  zone would probably have few or  no adverse  

1 4  



3 environmental e f f e c t s  and could  y i e l d  about 100,000 m o f  sandy f i l l .  
Numerous o t h e r  shoa l s  with s imi lar  c h a r a c t e r i s t i c s  e x i s t  a long t h e  a r c t i c  
c o a s t  from Demarcation Po in t  t o  Barrow. 

Other p o t e n t i a l  s i tes  f o r  f i l l  borrow a r e  t h e  o u t e r  f r i n g e s  of t h e  2-m 
benches o f f  t h e  numerous r i v e r  d e l t a s  which c o n s i s t  of f i n e  sand interbedded 
with mud l a y e r s  r i c h  i n  organic  mat te r  (Barnes and o t h e r s ,  1979). If s u i t a b l e  
f o r  cons t ruc t ion  m a t e r i a l  muddy sand might be removed here. 

Most of t h e  i s l a n d s  o n  t h e  Beaufart  She l f ,  whether nearshore e r o s i o n a l  
remnants of t h e  c o a s t a l  p l a i n  (Flaxman Formation) o r  cons t ruc t iona l  
topographic f e a t u r e s  of t h e  t h r e e  b a r r i e r  i s l a n d  cha ins ,  a r e  p o t e n t i a l  sources  
of sand and grave l ,  Removal o f  t h e s e  sediments may markedly change phys i ca l  
cha rac t e r  and processes  on t h e  s h e l f ,  howver ,  a s  w i l l  b e  d iscussed  i n  t h e  
"Consequences of Sand/Gravel Mining" Sec t ion  of  t h i s  document. 

Shoals i n  t h e  Stamukhi Zone 

I n  mter depths of  10-22 m shoa l s  05  unknown o r i g i n  e x i s t  (Reimnitz and 
Maurer, 1978; Barnes and o t h e r s ,  1980; Barnes and Reiss ,  1981) which p r o j e c t  
5-10 m above t h e  surrounding sea f l oo r .  Stamukhi Shoal i s  adjo ined  on  t h e  
=st by a sand apron t h a t  curves  southeastward and c o n s i s t s  of hydraul ic  
bedforms up t o  2 m t h i c k  (Reimnitz and Kempema, 1981). Weller Bank i s  
probably t h e  l a r g e s t  and most equidimemional  body of sand and g rave l  on  t h e  
western Beaufort  Shelf  (Fig. 8 ) .  Borrow from t h e s e  sources  will a l s o  impact 
t h e  s h e l f  environment a s  d i scussed  below. 

Subsurface Sources 

Shel f  Pa leoval leys  

Although several pa leova l l eys  a r e  be l i eved  t o  be p re sen t  i n  t h e  Prudhoe 
Bay a r e a  (Hopkins 19791, only t h e  Sagavanirktok Pa leoval ley  has  been w11 
de l inea t ed  by o f f sho re  d r i l l i n g  (Hartz  and Hopkins, 1980). The Sagavanirktok 
Pa leoval ley  begins  i n  Prudhoe Bay and t u r n s  nor thwes tmrd  t o  p a s s  between t h e  
West Dock and Reindeer I s l and ;  it has  been t r a c e d  f a r t h e r  n o r t h w s t w r d  t o  a 
p o i n t  about 10 km north of t h e  mouth of  t h e  Kuparuk River.  Gravel i n  t h e  
Sagavanirktok Pa leoval ley  i s  unfrozen and l i e s  beneath s o f t ,  unconsol idated 
marine c l a y ,  s i l t ,  and f i n e  sand up t o  10 m t h i ck .  This  pa l eova l l ey  i s  a 
dependable source of coarse ,  g rave l ly  f i l l  (Fig. 8 ) .  

Geological  reasoning  sugges ts  t h a t  a pa l eova l l ey  should a l s o  b e  p re sen t  
off t h e  mouth of t h e  C o l v i l l e  River  i n  e a s t e r n  Harr ison Bay, and o t h e r  north 
s l o p e  r i v e r s ,  b u t  t h e  geophysical techniques  employed t h u s  f a r  are not capable 
of d e l i n e a t i n g  a b u r i e d  v a l l e y  f i l l e d  with grave l ,  and d r i l l i n g  has  been 
inadequate  t o  v e r i f y  i t s  presence. P rop r i e t a ry  d r i l l i n g  informat ion  and 
OCSEAP permafrost  d r i l l i n g  by T. Osterkamp and W. Harrison (Norton and 
Sackinger,  19811, howver ,  suggest  t h a t  o f f  t h e  C o l v i l l e  R ive r  a l i n e  from 
Oliktok Point  t o  The t i s  I s l and  c r o s s e s  a submerged and b u r i e d  geologic  
boundary b e t e e n  s i l t  and c l a y  t o  t h e  west and unfrozen g rave l  t o  t h e  eas t .  
This  boundary may mark t h e  western margin of t h e  C o l v i l l e  Paleoval ley,  o r  it 
may simply be r e l a t e d  t o  t h e  hypothesized e a s t - = s t  change i n  t h e  P le i s tocene  
s e c t i o n  d iscussed  e a r l i e r .  Borehole HLA-15, j u s t  no r theas t  of Tigvariak 
I s l and ,  encountered ex tens ive ,  unbonded g r a v e l s  a t  a subbottom depth o f  



approximately 10 m and may be evidence f o r  a pa l eova l l ey  of the Shaviovik 
R i w r  (P. Smith, w r i t t e n  comm. ,  1982).  

Beaufort  Shelf  

As can be i n f e r r e d  from the Quaternary geology of the Beaufort  S h e l f ,  
outwash and a l l u v i a l  g r a v e l s  and l o c a l  b a s a l  t r ansg re s s ive  beach d e p o s i t s  
probably e x i s t  beneath 0-1 0 m of Holocene sediments n e a r l y  everywhere on the  
i n n e r  s h e l f  e a s t  of the  a r e a  around Oliktok Po in t  and *st of the Prudhoe 
a r e a ,  and poss ib ly  ex tend  t o  the midshelf wi th in  bur ied  pa leova l leys .  Eas t  of 
Prudhoe, t he re  i s  some evidence t o  sugges t  t h a t  t he  a l l u v i a l  sediments a r e  
o v e r l a i n  by a n  eastward-thickening s e c t i o n  of P l e i s tocene  marine sediments.  
The na ture  of a boundary between P l e i s tocene  marine and non-marine s e c t i o n s  of 
appa ren t ly  e q u i v a l e n t  age,  a s  t e n t a t i v e l y  i d e n t i f i e d  o f f  Harrison Bay (Cra ig  
and Thrasher ,  1982) must be de f ined  by of fshore  d r i l l i n g  before  a more 
accu ra t e  a p p r a i s a l  of sub-surface sand and g rave l  resources  can be made. West 
o f  Oliktok Po in t  the evidence sugges t s  t h a t  subsurface sources  of sand and 
p a r t i c u l a r l y  g rave l  may be s p a r s e ,  l o c a l i z e d  t o  former channels  of t he  
P l e i s tocene  drainage system, and even these a r e  n o t  very promising. Indus t ry  
s h o t  ho l e s  i n  the  C o l v i l l e  Del ta -Ol ik tok  P o i n t  a r e a  of sou theas t e rn  Harr ison 
Bay suppor t  t h i s  p i c t u r e ,  showing cons iderab le  q u a n t i t i e s  of g r ave l  i n  the 
upper few 10 ' s  of meters landward of the Co lv i l l e  Del ta  c o a s t l i n e  and i n  
western Simpson Lagoon, b u t  mainly sand seaward of the  d e l t a  f r o n t  and 
w s t w a r d  from Simpson Lagoon (F ig .  15 ) .  

ENVIRONMENTAL CONSIDERATIONS WITH IMPLICATIONS FOR SAND GRAVEL M I N I N G  

Ice Regime 

The seasona l  freeze-thaw cycle  a long  the c o a s t  starts wi th  the  formation 
of r iwr  and sea  i c e  dur ing  l a t e  September. By the  end of December the  s e a  
ice i s  commonly 1 m t h i c k ,  and it th ickens  t o  a maximum of about  2 m i n  May. 
I n  l a t e  May and e a r l y  June, 24-hour i n s o l a t i o n  a i d s  r a p i d  thawing i n  drainage 
b a s i n s  and river flow i s  i n i t i a t e d  which f l oods  the  a s  y e t  unmelted sea  ice 
off r iwr  mouths. Much of the  lagoonal  and open-shelf f a s t  i c e  i n s i d e  the  
10 m contour  melts with l i t t l e  m o w m n t  by the  middle of July.  The i c e - m e l t  
zone o f f  r i v e r  mouths can reach  a width of 10 t o  15 km i n  response t o  the 
i n f l u x  of warm f r e s h  r i v e r  wa-r. The remaining sea  ice con t inues  t o  m e l t  and 
r e t r e a t s  offshore through the  summer m e l t  cycle  i n  l a t e  J u l y ,  August, and 
e a r l y  September. 

Following the i n i t i a t i o n  of f r eez inq  cond i t i ons  i n  late September, the 
win te r  i c e  canopy ove r ly ing  the s h e l f  can be d iv ided  i n t o  t h r ee  broad 

- c a t e g o r i e s  (Reimnitz and o t h e r s ,  1977b): ( 1 )  Seasonal  f l o a t i n g  and bottom- 
f a s t  i c e  of the i n n e r  s h e l f ,  ( 2 )  a b r ecc i a t ed  and r idged  shea r  (s tamukhi)  zone 
con ta in ing  grounded ice r i d g e s  t h a t  mark the  zone of i n t e r a c t i o n  b e t m e n  the  
s t a t i o n a r y  f a s t  i c e  and the moving p o l a r  pack, and (3)  the  p o l a r  pack of new 
and multi-year f l o e s  (on the  average 2 t o  4 m t h i c k ) ,  p r e s su re  r i d g e s ,  and 
i c e - i s l and  fragments i n  a lmost  cons t an t  motion (Fig.  1 6 ) .  The deepes t  i c e  
k e e l  i n  the  p o l a r  pack t h a t  ha s  been measured had a draft of 47 m. The 
gene ra l  d r i f t  of the  pack on the  Beaufort  s h e l f  i s  e s t e r l y  under the  
i n f luence  of the  c lockwise- ro ta t ing  Beauf o r t  Gyre (Campbell, 1965).  

Inshore,  the  f a s t - i c e  zone i s  composed mostly of seasona l  f i r s t - y e a r  i c e ,  



which, depending on  t h e  c o a s t a l  c o n f i g u r a t i o n  and s h e l f  morphology, ex tends  
o u t  t o  t h e  10 t o  20 rn i s o b a t h .  By t h e  end  o f  w i n t e r ,  i c e  i n s i d e  t h e  2 m 
i s o b a t h  rests on  t h e  bottom o v e r  e x t e n s i v e  areas, I n  e a r l y  w i n t e r  t h e  
l o c a t i o n  of t h e  boundary between undeformed f a s t - i c e  and t h e  wes tward-dr i f t ing  
p o l a r  pack i s  c o n t r o l l e d  predominant ly  by t h e  l o c a t i o n  of major c o a s t a l  
p romontor ies  and submerged s h o a l s .  Pronounced l i n e a r  p r e s s u r e  and s h e a r  
r i d g e s  form a l o n g  t h i s  boundary and are s t a b i l i z e d  by gounding. S l ippage  
a l o n g  t h i s  boundary o c c u r s  i n t e r m i t t e n t l y  d u r i n g  t h e  w i n t e r ,  forming new 
gounded r i d g e s  i n  a widening zone ( t h e  stamukhi z o n e ) .  A c a u s a l  r e l a t i o n s h i p  
a p p e a r s  t o  e x i s t  between major r i d g e  sys tems  of  t h e  s tamukhi  zone and t h e  
l o c a t i o n  o f  o f f s h o r e  s h o a l s  d o w n d r i f t  o f  major coastal promontor ies .  These 
sand  and g r a v e l  s h o a l s ,  which a b s o r b  a c o n s i d e r a b l e  amount o f  k i n e t i c  energy  
d u r i n g  t h e  arct ic w i n t e r ,  appear  t o  have migrated shoreward up t o  400 m o v e r  
t h e  l a s t  25 y e a r s  (Reimni tz  and o t h e r s ,  1976) .  

Grounded p r e s s u r e - r i d g e  k e e l s  i n  t h e  stamukhi zone e x e r t  tremendous 
stresses on t h e  s e a  bottom and on any  s t r u c t u r e s  p r e s e n t  i n  a  band o f  v a r y i n g  
wid th  between t h e  1 0  and 40 m i s o b a t h s .  Thus i n  p l a c e s  where a r t i f i c i a l  
s t r u c t u r e s  a f f e c t  t h e  i ce  z o n a t i o n ,  t h e  e x t e n t  o f  s h o r e f a s t  i c e  may b e  
d e f l e c t e d  seaward. 

Ice s c o u r  

Ice moving i n  response  t o  wind, c u r r e n t ,  and pack ice p r e s s u r e s  o f t e n  
plows through and d i s r u p t s  t h e  s h e l f  sed iments  forming seabed  s c o u r s  which are  
found from n e a r  s h o r e  o u t  t o  water a b o u t  60 m deep. The p h y s i c a l  d i s r u p t i o n  
o f  s e a f l o o r  sed iments  by moving ice k e e l s  i s  a s e r i o u s  t h r e a t  t o  a e a f l o o r  
i n s t a l l a t i o n s .  Most s t u d i e s  o f  t h e  phenomenon have been conducted i n  t h e  
Beaufor t  Sea (Barnes  and Reimnitz,  1974; Reimnitz and Barnes,  1974; ~ e i m n i t z  
and o t h e r s ,  1978; R e a r i c  and o t h e r s ,  1981 ) . Scours  a r e  g e n e r a l l y  o r i e n t e d  
parallel t o  shore and commonly r a n g e  from 0.5 t o  1 m deep. However, s c o u r s  
c u t  t o  a d e p t h  o f  5.5 m have been measured on t h e  o u t e r  s h e l f .  When f i r s t  
formed, t h e  gouges may i n c i s e  t h e  sea bed t o  g r e a t e r  t h a n  observed  d e p t h s  o n l y  
t o  be  i n f i l l e d  by subsequen t  s l o p e  f a i l u r e  and s h e l f  sed imenta t ion .  Regions 
of h i g h  s c o u r  i n t e n s i t y  a r e  common w i t h i n  t h e  s tamukhi  zone and a l o n g  t h e  
s t e e p  seaward f l a n k s  o f  topograph ic  h ighs .  I n s h o r e  o f  t h e  stamukhi zone,  
s e a s o n a l  s c o u r s  may b e  abundant ,  b u t  c a n  b e  smoothed o v e r  d u r i n g  a  s i n g l e  
summer by wave and c u r r e n t  a c t i v i t y  (Barnes  and Reimni tz ,  1979) .  Ra tes  of 
s c o u r  i n s h o r e  of t h e  s tamukhi  zone have  been  measured a t  1  t o  2 p e r c e n t  of t h e  
s e a  f l o o r  p e r  y e a r  (Reimni tz  and o t h e r s ,  1977; Barnes and o t h e r s ,  1978) .  The 
p r o d u c t  o f  maximum ice s c o u r  i n c i s i o n  d e p t h  (D 1, maximum w i d t h  o f  ice 

max s c o u r s  (wmax), and s c o u r  d e n s i t y  p e r  k i l o m e t e r  i n t e r v a l  (21, h e r e  c a l l e d  i c e  
s c o u r  i n t e n s i t y  (I), i s  c o n s i d e r e d  t h e  b e s t  s i n g l e  measure o f  t h e  s e v e r i t y  of 
t h e  p r o c e s s ,  and h a s  been con toured  i n  f  i q u r e  17. 

The plowing and o v e r t u r n i n g  of t h e  upper  few meters of  t h e  E e a u f o r t  s h e l f  
by grounded ice i s  a n a t u r a l  and c o n t i n u i n g  p r o c e s s .  Th i s  n a t u r a l  s e a f l o o r  
d i s t u r b a n c e  i s  probab ly  v e r y  s imilar  t o  t h a t  which would o c c u r  from s u r f i c i a l  
d r e d g i n g  o p e r a t i o n s .  There fore ,  s u r f i c i a l  d r e d g i n g  s h o u l d  have a 
compara t ive ly  minor impact  upon a r e a s  a l r e a d y  s u b j e c t  t o  ice  s c o u r .  1t is 
i m p o r t a n t  t o  n o t e ,  however, t h a t  i c e - s c o u r i n g  p r o c e s s e s  on t h e  B e a u f o r t  s h e l f  
a r e  a  compl ica ted  f u n c t i o n  of w a t e r  d e p t h ,  seabed  morphology, i c e  z o n a t i o n ,  
and t h e  p o s i t i o n  and geometry o f  i s l a n d s  and s h o a l s .  Man-induced changes t o  
t h e s e  f e a t u r e s ,  o r  t h e  a d d i t i o n  o f  a r t i f i c i a l  i s l a n d s ,  c o u l d  s e v e r e l y  a l t e r  
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t h e  n a t u r a l  i c e  zona t ion .  

Permaf ros t  ( a f t e r  Granrz and o t h e r s ,  1982)  

Bonded s u b s e a  p e r m a f r o s t  w i l l  hamper mining o p e r a t i o n s  by be ing  d i f f i c u l t  
t o  work, F u r t h e r  c o n s i d e r a t i o n s  a re  t h e  e f f e c t s  o f  d i s t u r b i n g  t h e  p e r m a f r o s t  
d u r i n g  mining o p e r a t i o n s  and t h e  f a c t  t h a t  p e r m a f r o s t  may c o n t a i n  o r  c a p  
gas .  P r i o r  t o  a b o u t  10,000 y e a r s  ago ,  d u r i n g  t h e  l a s t  g l a c i a l  s e a - l e v e l  
lowstand, t h e  p r e s e n t  B e a u f o r t  s h e l f  w a s  exposed s u b a e r i a l l y  t o  f r i g i d  
t empera tu res  and ice-bonded p e r m a f r o s t  p r o b a b l y  aggraded downward i n  t h e  
sed iments  t o  d e p t h s  exceed ing  300 m. Ref looding of t h e  s h e l f  exposed t h e s e  
sed iments  t o  s a l i n e  water and much o f  t h e  p e r m a f r o s t  t e r r a n e  h a s  p r o b a b l y  
warmed and some of i t  h a s  remel ted.  I n  a r e a s  where o v e r c o n s o l i d a t e d  s i l t  and 
c l a y  c o v e r  t h e  bottom, salt h a s  e n t e r e d  t h e  sed iment  by d i f f u s i o n ,  a v e r y  s low 
p r o c e s s ,  and t h e  sed iment  i s  probab ly  s t i l l  ice-bonded a t  d e p t h s  o f  
5-15 m. I n  a r e a s  where t h e r e  i s  g r a v e l ,  p o s s i b l y  covered  by a t h i n  veneer  o f  
Holocene marine  sed iments ,  s a l t  w a t e r  h a s  been a b l e  t o  a d v e c t  f a i r l y  f r e e l y  
i n t o  t h e  sed iments  and thawing h a s  p r o g r e s s e d  much more r a p i d l y  (D. M. 
~ o p k i n s ,  w r i t t e n  comm. , 1982) . 

S t u d i e s  a r e  underway t o  s e i s m i c a l l y  a s s e s s  t h e  d e p t h  to, and t h i c k n e s s  
o f ,  r e l i c t  p e r m a f r o s t  o v e r  t h e  e n t i r e  Beaufor t  s h e l f .  However, o n l y  c e r t a i n  
t e r r a n e s  on t h e  i n n e r  s h e l f  have been c h a r a c t e r i z e d  t h u s  far .  Sellman and 
Chamberlain (1979) r e p o r t  t h a t  t h e r e  are  t h r e e  obv ious  g roups  of seismic 
v e l o c i t i e s  which are a p p a r e n t l y  r e l a t e d  t o  t h e  d e g r e e  of ice-bonding i n  t h e  
sediments .  F u l l y  ice-bonded p e r m a f r o s t  w i t h  i c e - s a t u r a t e d  p o r e s  and 
v e l o c i t i e s  g r e a t e r  t h a n  4.0 km/sec c r o p s  o u t  onshore  and on  some b a r r i e r  
i s l a n d s ,  and i n  a d j a c e n t  wide zones  landward o f  t h e  2 m i s o b a t h  t h a t  a r e  
o v e r l a i n  by bo t tom-fas t  i c e  i n  w i n t e r .  Between t h e  s h o r e  and t h e  b a r r i e r  
i s l a n d s ,  f u l l y  ice-bonded p e r m a f r o s t  l i es  a t  h i g h l y  v a r i a b l e  a e p t h s  as  g r e a t  
as s e v e r a l  hundred meters benea th  t h e  s e a  f l o o r .  The ice-bonded p e r m a f r o s t  i s  
o v e r l a i n  i n  t h i s  a r e a  mos t ly  by materials w i t h  v e l o c i t i e s  c e n t e r e d  around 2.7 
km/sec which a r e  t a k e n  t o  r e p r e s e n t  p a r t i a l l y  ice-bonded sed iments  c o n t a i n i n g  
v a r y i n g  p r o p o r t i o n s  of u n f r o z e n  p o r e  water. Materials w i t h  v e l o c i t i e s  less 
t h a n  2.2 km/sec a r e  s p a r s e  and assumed t o  b e  unbonded. 

Although t h e  d i s t r i b u t i o n  o f  r e l i c t  p e r m a f r o s t  on  t h e  c o a s t a l  and  o u t e r  
s h e l f  i s  unknown, t h e  b a s e  o f  Holocene marine  sed iments  on t h e  B e a u f o r t  s h e l f ,  
con toured  i n  f i g u r e  4, p r o v i d e s  a p r o b a b l e  minimum d e p t h  t o  i t s  upper  
s u r f a c e .  Th is  i s  s o  because  i t  i s  u n l i k e l y  t h a t  ice-bonded p e r m a f r o s t  
aggraded upward i n t o  t h e  Holocene s a l i n e  marine  muds d e p o s i t e d  on t h e  s h e l f  
a f ter  t h e  rise i n  s e a  l e v e l ,  By  analogy w i t h  t h e  c o n d i t i o n s  d e s c r i b e d  
n e a r s h o r e ,  any p e r m a f r o s t  i n  t h e  uppermost sed iments  b e n e a t h  t h e  Holocene 
sed iment  "wedge" w a s  p robab ly  mel ted  o r  p a r t i a l l y  mel ted down t o  unknown 
dep ths .  Depending on such  p a r a m e t e r s  a s  p o r e  w a t e r ,  s a l i n i t y ,  o r i g i n a l  
t h i c k n e s s ,  t empera tu re  o f  t h e  s u b a e r i a l  p e r m a f r o s t ,  and t h e  s e a l i n g  e f f e c t  of 
t h e  Holocene muds, f u l l y  ice-bonded p e r m a f r o s t  may o r  may n o t  b e  encounte red  
a t  d e p t h  o f f s h o r e .  Where ice-bonded p e r m a f r o s t  e x i s t s ,  c a r e  must be  t a k e n  t o  
c o n s i d e r  t h e  p o t e n t i a l  f o r  m e l t i n g  b e n e a t h  p i p e l i n e s  and d r i l l i n g  p l a t f o r m s  
and w i t h i n  f r o z e n  i n t e r v a l s  encounte red  i n  d r i l l i n g .  A r t i f i c i a l  i s l a n d s ,  
b e i n g  emergent,  w i l l  b e  s u b j e c t  t o  v e r y  cold t e m p e r a t u r e s ,  a n a  t h u s  some 
f r e e z e b a c k  of t h e  bottom benea th  them can  probab ly  b e  a n t i c i p a t e d .  

I n  the Harr i son  Bay area, p r o b i n g  ( m r r i s o n  and  Osterkamp, 1 9 8 1 ) ,  h igh-  



r e s o l u t i o n  seismic s t u d i e s  (Rogers and Morack, 1981) and v e l o c i t y  d a t a  d e r i v e d  
from t h e  s t u d y  o f  i n d u s t r y  s e i s m i c  r e c o r d s  (Sellmann and o t h e r s ,  1981 ) 
i n d i c a t e  t h a t  p e n e t r a t i o n - r e s i s t a n t ,  h i g h - v e l o c i t y  m a t e r i a l  i n t e r p r e t e d  t o  be  
bonded p e r m a f r o s t  i s  common, p a r t i c u l a r l y  out t o  t h e  13  m i s o b a t h  (Fig.  18) .  
Its d i s t r i b u t i o n  i s  probab ly  as v a r i a b l e  a s  it i s  t o  t h e  east n e a r  Prudhoe 
Bay. Bonded p e r m a f r o s t  shou ld  e x t e n d  a  few k i l o m e t e r s  o f f s h o r e  o f  t h e  i s l a n d s  
i n  t h e  e a s t e r n  p a r t  o f  t h e  S a l e  71 a r e a  i f  c o n d i t i o n s  a r e  s i m i l a r  t o  t h e  
Prudhoe a r e a .  Boreholes seaward o f  Reindeer  I s l a n d ,  f o r  example, s u g g e s t  t h a t  
t h e  wedge o f  secondary  ice-bonded permaf ros t  formed benea th  and abandoned 
beh ind  t h e  t r a n s i e n t  i s l a n d s  d i s s i p a t e s  w i t h i n  a few k i l o m e t e r s  seaward o f  a 
m i g r a t i n g  i s l a n d  (D.  M. Hopkins, w r i t t e n  comm., 1982) .  The deeper  v e l o c i t y  
d a t a  f o r  Har r i son  Bay s u g g e s t  t h a t  bonded p e r m a f r o s t  c a n  b e  subd iv ided  i n t o  
t w o  c a t e g o r i e 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  bay t h e r e  i s  a n  o r d e r l y  
t r a n s i t i o n  away from t h e  s h o r e ,  w i t h  t h e  d e p t h  o f  bonded p e r m a f r o s t  i n c r e a s i n g  
and v e l o c i t y  c o n t r a s t  d e c r e a s i n g  w i t h  d i s t a n c e  from s h o r e  u n t i l  t h e  v e l o c i t y  
c o n t r a s t  ( p e r m a f r o s t ? )  i s  no l o n g e r  a p p a r e n t ,  I n  t h e  w e s t e r n  p a r t  o f  t h e  bay,  
it i s  l e s s  o r d e r l y ,  p o s s i b l y  r e f l e c t i n g  t h e  h i s t o r y  of t h e  o r i g i n a l  l a n d  
s u r f a c e .  Th is  w e s t e r n  r e g i o n  may have been  a n  e x t e n s i o n  of t h e  low c o a s t a l  
p l a i n  c h a r a c t e r i z e d  by t h e  r e g i o n  n o r t h  o f  Teshekpuk Lake, which cou ld  have 
c o n t a i n e d  deep  thaw l a k e s .  Shallow bonded p e r m a f r o s t  s h o u l d  b e  common t o  t h e  
w e s t  o f  Har r i son  Bay based  on  o b s e r v a t i o n s  made i n  t h e  wes te rn  p a r t  of t h e  bay 
and o f f s h o r e  o f  Lonely. 

The c h a r a c t e r i s t i c s  of onshore  p e r m a f r o s t  are u s e f u l  i n  p r e d i c t i n g  
p e r m a f r o s t  c o n d i t i o n s  o f f s h o r e .  Unfor tuna te ly ,  t h e r e  i s  no p u b l i s h e d  onshore  
t empera tu re  d a t a  f o r  t h i s  l e a s e  a r e a  as t h e r e  was from t h e  Prudhoe Bay and 
J o i n t  S a l e  a r e a s .  However, t h i c k n e s s  d a t a  a c q u i r e d  from w e l l  l o g s  ( m t e r k a m p  
and Payne, 1981) shows t h a t  p e r m a f r o s t  t h i n s  t o  t h e  w e s t .  Onshore coastal 
p e r m a f r o s t  i s  a b o u t  500 m t h i c k  east  o f  Ol ik tok  P o i n t ,  400-500 m t h i c k  i n  t h e  
C o l v i l l e  R i v e r  Delta, and 300-400 m t h i c k  from t h e  d e l t a  t o  t h e  wes te rn  
boundary of t h e  lease a r e a .  I f  t h e  geo logy  i s  s i m i l a r  o f f s h o r e ,  t h e  onshore  
v a l u e s  s u g g e s t  t h e  maximum t h i c k n e s s  t h a t  might  b e  expec ted  n e a r  s h o r e ,  

Along some o f f s h o r e  seismic l i n e s  t h e  h i g h - v e l o c i t y  m a t e r i a l  i n  Har r i son  
Bay e x t e n d s  approx imate ly  25 km o f f s h o r e ,  a s  shown i n  Fig .  18. Th is  map f o r  
Har r i son  Bay i n d i c a t e s  two l a y e r s  n e a r  s h o r e ,  t h e  d e e p  h i g h - v e l o c i t y  l a y e r  i n  
t h i s  zone i n c r e a s i n g  i n  d e p t h  and d e c r e a s i n g  i n  v e l o c i t y  w i t h  d i s t a n c e  from 
s h o r e ,  as i n d i c a t e d  by a  h i g h - v e l o c i t y  r e f r a c t o r .  A zone f a r t h e r  o f f  s h o r e  i s  
c h a r a c t e r i z e d  by a  d e e p  r e f l e c t o r ,  s u g g e s t i n g  c o n t i n u a t i o n  of t h e  high-  
v e l o c i t y  s t r u c t u r e .  High r e s o l u t i o n  s e i s m i c  d a t a  t a k e n  i n  t h e  e a s t e r n  end of 
H a r r i s o n  Bay (Rogers and Morack, 1981) i n d i c a t e  t h a t  s h a l l o w  ( <  50 m )  bonded 
p e r m a f r o s t  i s  p r e s e n t  i n  t h e  a r e a  a d j a c e n t  t o  s h o r e  and o f f s h o r e  o f  t h e  Jones  
Is l a n d s .  

- Probing h a s  shown t h a t  t h e  subbottom m a t e r i a l  changes from g r a v e l  t o  
s i l t ,  as one moves westward i n  t h e  a r e a  between T h e t i s  and  Spy I s l a n d s .  
However, no s h a l l o w  bonded p e r m a f r o s t  i s  sugges ted  from t h e  h i g h - r e s o l u t i o n  
seismic d a t a  t a k e n  n e a r  met is  I s l a n d  (Sellmann and  o t h e r s ,  1981) .  A s e i s m i c  
l i n e  runn ing  from O l i k t o k  P o i n t  t o  t h e  w e s t  end o f  Spy I s l a n d  i n d i c a t e s  bonded 
p e r m a f r o s t  n e a r  s h o r e  a t  O l i k t o k  P o i n t  and  a g a i n  n o r t h  o f  Spy I s l a n d .  ?he 
observed v e l o c i t i e s  were g r e a t e r  t h a n  2,500 m / s ,  p robab ly  i n d i c a t i n g  
g r a v e l s .  An a d d i t i o n a l  h i g h - r e s o l u t i o n  seismic l i n e  r u n  from s h o r e  t o  t h e  
east end o f  Pingok I s l a n d  d o e s  n o t  i n d i c a t e  s h a l l o w  bonded p e r m a f r o s t  i n  
Simpson Lagoon, and t h e  c o n c l u s i o n  i s  t h a t  t h e  bonded p e r m a f r o s t  d i p s  q u i c k l y  
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i n  a n  o f f s h o r e  d i r e c t i o n ,  However, o u t s i d e  o f  Pingok I s l a n d ,  h i g h  v e l o c i t i e s  
s u g g e s t  that  bonded p e r m a f r o s t  i s  a g a i n  p r e s e n t  a t  s h a l l o w  d e p t h s  ( <  10 m ) ,  
and t h e  measured v e l o c i t i e s  (4 ,000  m / s )  i n d i c a t e  t h a t  it h a s  n o t  y e t  
s i g n i f i c a n t l y  degraded (Rogers and  Morack, 1981). 

Higher seismic v e l o c i t i e s  s u g g e s t  t h a t  f i r m l y  ice-bonded permaf ros t  i s  
p r e s e n t  benea th  t h e  somewhat o l d e r ,  s p a r s e l y  v e g e t a t e d  recurved  s p i t s  and 
s p u r s  o f  B e a u f o r t  Sea i s l a n d s  (Rogers  and Morack, 1977) .  These a r e a s  can  be 
recognized  by t h e  p r e s e n c e  o f  f r o s t  c r a c k s  e x t e n d i n g  a c r o s s  a n c i e n t  wave- 
c o n s t r u c t e d  r i d g e s  and swales. Lower s e i s m i c  v e l o c i t i e s  recorded  benea th  most 
areas i n  t h e  v e g e t a t i o n - f r e e  p a r t s  of t h e  i s l a n d s ,  however, s u g g e s t  t h a t  
firmly-bonded p e r m a f r o s t  i s  l a c k i n g  ( ~ o g e r s  and Morack, 1977) ,  a l though  
i n t e r s t i t i a l  ice was found i n  t h e  sed iment  i n  a b o r e h o l e  on Reindeer  I s l a n d ;  
t h e  i n t e r s t i c e s  i n  t h e  sed iment  benea th  t h e  younger p a r t s  of t h e  i s l a n d s  must 
be f i l l e d  w i t h  a two-phase m i x t u r e  of b r i n e  and  i c e .  

Between approx imate ly  t h e  Kuparuk R i v e r  and Flaxman I s l a n d ,  Har tz  and 
Hopkins (1980) used a l l  a v a i l a b l e  b o r e h o l e  and  pene t romete r  d a t a ,  combined 
w i t h  t h e  h y p o t h e s i s  t h a t  t h i c k ,  unbonded p e r m a f r o s t  occup ies  p a l e o v a l l e y s  
f i l l e d  w i t h  g r a v e l l y  a l luv ium and outwash capped by Holocene marine  d e p o s i t s ,  
t o  c o n t o u r  t h e  t h i c k n e s s  o f  unbonded sed iments  (F ig .  1 9 ) .  mis map may assist  
i n  b o t h  d e l i n e a t i n g  g r a v e l - f i l l e d  P l e i s t o c e n e  v a l l e y s  on t h i s  p o r t i o n  o f  t h e  
B e a u f o r t  s h e l f  and i d e n t i f y i n g  n e a r  s u r f a c e  unf rozen  s o u r c e s  o f  sand and 
g r a v e l .  F i g u r e  7 shows t h e  d e p t h  t o  bonded p e r m a f r o s t  i n  a t r a n s e c t  from 
Prudhoe Bay t o  Reindeer  I s l a n d  ( ~ o p k i n s  and H a r t z ,  1978) .  

Overconso l ida ted  s u r f i c i a l  d e p o s i t s  

Outcrops  o f  s t i f f  s i l t y  c l a y  have been r e p o r t e d  i n  widespread a r e a s  of 
t h e  Beaufor t  Sea s h e l f  (Reimnitz and o t h e r s ,  1980) .  Labora to ry  measurements 
o f  a b o r e h o l e  sample o f  t h e s e  sed iments  show t h a t  t h e y  can b e  h i g h l y  
o v e r c o n s o l i d a t e d  (Chamberlain and o t h e r s ,  1978) .  The c a u s e  o f  t h e s e  v e r y  
s t i f f  c l a y s  i s  n o t  known, a l t h o u g h  a t  l e a s t  two mechanisms have been 
proposed.  Data from one b o r e h o l e  s i t e  s u g g e s t s  t h a t  f r e e z i n g  and thawing 
c y c l e s  of t h e s e  marine  sed iments  d u r i n g  t r a n s g r e s s i o n  of b a r r i e r  i s l a n d s  may 
have l e d  t o  t h e i r  o v e r c o n s o l i d a t i o n  (Chamberlain and o t h e r s ,  1978) .  
A l t e r n a t i v e l y ,  s i n c e  o v e r c o n s o l i d a t e d  clays a r e  a l m o s t  u n i v e r s a l  on t h e  s h e l f ,  
and d o n ' t  seem t o  show a s y s t e m a t i c  d i s t r i b u t i o n  r e l a t i v e  t o  t h e  i s l a n d s ,  t h e y  
may r e f l e c t  s u b a e r i a l  exposure  t o  f r e e z i n g  t empera tu res  d u r i n g  low sea l e v e l  
e p i s o d e s  (D. M. Hopkins, w r i t t e n  comm., 1982) .  Most i m p o r t a n t l y  t h e  p r e s e n c e  
or  absence  o f  t h i s  m a t e r i a l  c o u l d  have s u b s t a n t i a l  impact  upon any a t t e m p t s  t o  
s u c c e s s f u l l y  d redge  sand and g r a v e l s  l y i n g  b e n e a t h  i t  (Reimni tz  and o t h e r s ,  
1980) .  

There are a t  least  77 known occurences  of t h e s e  o u t c r o p s  between Cape 
~ a i k e t t  and t h e  Canadian b o r d e r  r a n g i n g  f rom t h e  n e a r s h o r e  t o  80 km o f f  s h o r e  
(F ig .  20). Hopkins and o t h e r s  ( I n  Smith and Hopkins, 1979) no ted  t h a t  a r e a s  
of s h a l l o w  ice-bonded p e r m a f r o s t  t e n d  t o  c o i n c i d e  w i t h  a r e a s  where 
o v e r c o n s o l i d a t e d  c l a y  o l d e r  t h a n  t h e  l a s t  rise i n  s e a  l e v e l  (sangamon age o r  
o l d e r )  l ies  a t  o r  n e a r  t h e  s e a  bottom, and  t h a t  a r e a s  where t h e  upper  s u r f a c e  
o f  ice-bonded p e r m a f r o s t  l ies  much deeper  tend t o  c o i n c i d e  w i t h  a r e a s  where 
t h i s  c l a y  i s  l a c k i n g  and where a l l u v i a l  o r  outwash g r a v e l  i s  covered  by 
Holocene marine  s i l t  and c l a y .  Noting t h a t  a r e a s  o f  d e e p l y  thawed p e r m a f r o s t  
may c o i n c i d e  w i t h  drowned and p a r t l y  b2bied v a l l e y s  where t h i s  



o w r c o n s o l i d a t e d  c l a y  was remowd i n  the  course of v a l l e y  e r o s i o n  du r ing  low 
s t ands  of s ea  level, Smith and Hopkins (1979) sugges t  t h a t  knowledge of t he  
paleodrainage p a t t e r n  on the  she l f  could he lp  i n  p r e d i c t i n g  the d i s t r i b u t i o n  
of shal low and deeply  thawed ice-bonded permafrost .  A l t e rna t ive ly ,  knowledge 
of  the paleodrainage p a t t e r n  may he lp  i n  p r e d i c t i n g  the d i s t r i b u t i o n  of the  
s u r f i c i a l  o w r c o n s o l i d a t e d  c l a y s ,  Only s i g n i f i c a n t l y  more borehole ,  
geophysical ,  and sediment sampling da t a  w i l l  d e l i n e a t e  t he  paleodrainage 
p a t t e r n  on the Beaufort  s h e l f .  

Shallaw Gas 

Information on shallow gas  f o r  the ou t e r  Bzaufort  Sea Shelf  has  been 
compiled by Grant2 and o t h e r s  (1982 ) ,  (F ig .  21) .  Figure 22 shows probable  
l o c a t i o n s  of shallow f r e e  gas  i n  the  Harr ison Bay a r ea  (Cra ig  and Thrasher,  
1982) .  Sellmann and o t h e r s  (1981) also i n f e r  from the presence of f r e e  g a s  
above ice-bonded permafros t  t h a t  gas  i n  hydrate  form, w i th in  and below the  
ice-bonded layer, i s  l i k e l y  i n  the  Harrison Bay a r ea .  

Work i n  S te fansson  Sound o f f  t he  Sagavanirktok d e l t a  has  documented the 
presence of shal low gas ,  appa ren t ly  capped by a  l a y e r  of overconsol ida ted  
c l a y s ,  lying below a prominent r e f l e c t o r  a t  dep ths  of 20-35 m below mud l i n e  
(Boucher and o t h e r s ,  1981 ) , (F ig .  23). Strong,  d i scont inuous  r e f  l e c t o r s  of 
s i m i l a r  c h a r a c t e r  a r e  widespread on the  Beaufort  Sea s h e l f  sugges t ing  t h a t  
pa th s  of shal low gas  a r e  a  widespread phenomenon (Boucher and o t h e r s ,  1981 1. 
Gravel mining ope ra t i ons  may r e l e a s e  these  gases  by d i s r u p t i n g  the  thermal  o r  
phys i ca l  regime. 

CONSEQUENCES OF GRAVEL MINING 

Onshore and Beach Areas 

The consequences o f ,  and c o n s t r a i n t s  upon, g r ave l  mining from onshore and 
beach a r e a s  a r e  s i m i l a r  t o  those o u t l i n e d  f o r  t he  J o i n t  State Federa l  I e a s e  
Sa l e  (JLSA) , ( W e  l l e r  and o t h e r s ,  1  978) . This  s tudy noted t h a t  s t ream beds 
should be avoided a s  b o r r o w d  sites because of p o t e n t i a l  damage t o  
overwin te r ing  f i s h  popula t ions  , and t h a t  wetlands and e s p e c i a l l y  t i d a l  marshes 
should be avoided because of t h e i r  r e l a t i v e l y  h igh  o rgan ic  p r o d u c t i v i t y  and 
t h e i r  value a s  n e s t i n g  h a b i t a t .  Quarrying of  sand and g r a v e l  from beaches 
w i l l  a c c e l e r a t e  the  a l r e a d y  e x c e p t i o n a l l y  r a p i d  r a t e s  of c o a s t a l  e r o s i o n .  

Quarrying of sand and de-lopment of roads t o  sand q u a r r i e s  i n  the  l a r g e  
a r e a  of s t a b i l i z e d  dunes on e a s t e r n  NPRA w i l l  r e s u l t  i n  l o c a l  r e a c t i v a t i o n  of 
blowing sand. Disturbances can be minimized by d e w l o p i n g  q u a r r i e s  a s  c lo sed  
depress ions  and a l lowing  them t o  f i l l  wi th  water a f  ter abandonment, by 
l i m i t i n g  quar ry ing  t o  the  w in t e r  months, and by us ing  i c e  roads  f o r  haulage. 

Off shore Dredging 

Discussion of the  consequences of dredging i n  the  JLSA (We l le r  and 
o t h e r s ,  1978) focused upon the d i s turbance  of the  bottom, p o t e n t i a l  b u r i a l  of 
b e n t h i c  organisms by s i l t a t i o n ,  and i n c r e a s e s  i n  t u r b i d i t y  with p o s s i b l e  
a t t e n d a n t  c logging  of g i l l s  of f i l t e r  f eede r s .  A 1 1  of these  d i s tu rbances  a r e  



comparable t o  t h e  e f f e c t s  o f  s u c h  n a t u r a l  d i s t u r b a n c e s  a s  ice gouging, 
r e s u s p e n s i o n  o f  sed iments  d u r i n g  s t o r m s ,  and  e x c a v a t i o n  by s t r u d e l  s c o u r  
d u r i n g  s p r i n g  b reakup  f l o o d i n g  o f  t h e  s h o r e f a s t  ice.  Not cons idered  i n  
e a r l i e r  d i s c u s s i o n s  i s  a p o s s i b l e  d a r k e n i n g  o f  t h e  i ce  canopy due t o  
i n c o r p o r a t i o n  o f  suspended m a t e r i a l  d u r i n g  f r e e z i n g ;  t h e  e f f e c t s  h e r e  seem 
comparable t o  t h o s e  induced d u r i n g  some y e a r s  by i n c o r p o r a t i o n  of sed iment  i n  
t h e  i c e  canopy a s  a r e s u l t  of r e s u s p e n s i o n  of bottom sed iments  d u r i n g  l a te  
autumn s t o r m s  (Barnes  and o t h e r s ,  1982).  However t h e  e f f e c t s  of d r e d g i n g  
o p e r a t i o n s ,  e s p e c i a l l y  t h e  f a t e  o f  any  sed iment  plume and t h e  p o s s i b l e  
r e m o b i l i z a t i o n  of chemica l s  from sed iment  p o r e  w a t e r s ,  i s  unknown f o r  A r c t i c  
o p e r a t i o n s  under  t h e  i n f l u e n c e  o f  i c e .  A t  t h e  l eas t  n u t r i e n t s  w i l l  be 
i n t r o d u c e d  i n t o  t h e  sys tem (Bischof f  and Rosenbauer, 1978) .  

Removal o f  f i l l  from t h e  bottom i n  c e r t a i n  areas can  s i g n i f i c a n t l y  a f f e c t  
t h e  s t a b i l i t y  and permanence o f  o f f s h o r e  i s l a n d s .  Removal of s a n d  waves o f f  
Pingok I s l a n d  c o u l d  r e s u l t  i n  a c c e l e r a t e d  e r o s i o n  and r a p i d  d e s t r u c t i o n  of t h e  
i s l a n d ,  Most o f  t h e  o t h e r  o f f s h o r e  i s l a n d s  a r e  m i g r a t i n g  landward a t  about 5 
t o  1 0  m p e r  y e a r  (Barnes  and o t h e r s ,  1977a) .  Development of a submerged 
borrow p i t  i n  t h e  lee of  one of t h e s e  i s l a n d s  c o u l d  r e s u l t  i n  t h e  
d i sappearance  of t h e  i s l a n d .  

S e v e r a l  l i n e s  o f  ev idence  demons t ra te  t h a t  t h e  i s l a n d  c h a i n s  are n o t  
u n i f i e d  s e d i m e n t - t r a n s p o r t  sys tem,  b u t  r a t h e r  t h a t  many o f  t h e  i s l a n d  groups  
have o r  once had t h e i r  own sed iment  s o u r c e s .  The p r e s e n c e  of g r a v e l  on 
J e a n e t t e ,  Narwhal, and Cross  I s l a n d s  much c o a r s e r  t h a n  t h e  g r a v e l  compris ing 
i s l a n d s  t h a t  l i e  eas tward  and u p d r i f t  e s t a b l i s h e s  beyond doubt  t h a t  a s o u r c e  
o f  sed iment  l ies  or once l a y  somewhere seaward on t h e  c o n t i n e n t a l  s h e l f  
( ~ o p k i n s  and Har tz ,  1978) .  The e a s t e r n  i s l a n d s  w i t h i n  t h e  P l o v e r  c h a i n  a r e  o r  
once were f e d  from t h e  b l u f f s  e a s t  of Cape Simpson DEW-line S t a t i o n ,  w h i l e  t h e  
p e n i n s u l a  l e a d i n g  from E l u i t k a k  P a s s  t o  P o i n t  Barrow may b e  f e d  by sediment  
moving northward up t h e  chukchi  Sea c o a s t  and eas tward  around P o i n t  Barrow. 
The i s l a n d s  between E l u i k r a k  and E l u i t k a k  P a s s ,  however, d i f f e r  enough t o  
i n d i c a t e  t h a t  t h e y  o r i g i n a t e d  f rom a sed iment  s o u r c e  t h a t  h a s  now 
d i sappeared ,  T h e t i s  and Spy I s l a n d s ,  l i k e  Cross I s l a n d ,  seem t o  " r e p r e s e n t  
the dying  phase  of t h e  b a r r i e r  i s l a n d  sys tem o f f  n o r t h e r n  Alaska" (Reimnitz 
and o t h e r s ,  1977a) and  t o  b e  d r i f t i n g  southwestward from s o u r c e s  t h a t  have 
long-s ince  d i sappeared .  The c o a r s e  g r a i n e d  n a t u r e  of t h e  b a r r i e r  i s l a n d s  i s  
a p p a r e n t l y  a r e s u l t  o f  e o l i a n  s a n d  d e f l a t i o n ,  wind-winnowing of i s l a n d  
s u r f a c e s  b e i n g  e f f e c t i v e  d u r i n g  most o f  t h e  y e a r  (Reimni tz  and  Maurer, 1979) .  

Kar luk,  J e a n e t t e ,  and Narwhal I s l a n d s  a r e  e v i d e n t l y  l a g  d e p o s i t s  
r e s u l t i n g  from t h e  e r o s i o n  and e v e n t u a l  d e s t r u c t i o n  o f  h i l l o c k s  o f  Flaxman 
Formation t h a t  are now p r e s e r v e d  o n l y  as o u t c r o p s  of P l e i s t o c e n e  sediment  on 
t h e  s e a  f l o o r .  Ice-push may c o n t i n u e  t o  add new c o a r s e  m a t e r i a l  t o  t h e  
seaward beaches  o f  t h e s e  i s l a n d s .  Cross  I s l a n d  o r i g i n a t e d  from a n o t h e r  
h i l l o c k  of Flaxman Formation,  as d i d  Reindeer and  &go I s l a n d s ,  b u t  Reindeer 
and Arqo I s l a n d s  have now migra ted  a k i l o m e t e r  o r  more landward from t h e  s i t e  
of t h e  former  h i l l o c k  o f  Flaxman Formation. 

Long term comparisons seem t o  i n d i c a t e  t h a t  t h e  i s l a n d s  a r e  m i g r a t i n g  
w i t h  l i t t l e  l o s s  o f  a r e a  and mass. Wave overwash d u r i n g  s t o r m  s u r g e s  helps t o  
move sand  and  g r a v e l  from t h e  n e a r s h o r e  zone o n t o  t h e  body of  t h e  i s l a n d ,  and 
ice-push rakes t h e  l a g g i n g  c o a r s e r  p a r t i c l e s  f rom d e e p  w a t e r  and r e t u r n s  them 
t o  t h e  i s l a n d  s u r f a c e .  However, t h e  i s l a n d s  w i l l  e v e n t u a l l y  d i s a p p e a r .  The 
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Dinkum Sands seem t o  be  an  example of a member of t h e  cha in  t h a t  l o s t  mass and 
e v e n t u a l l y  became completely submerged. 

Because t h e  i s l a n d s  i n  t h e  Beaufort  Sea i s l a n d  cha ins  a r e  mostly lag 
d e p o s i t s  de r ived  from sand and g r a v e l  sou rces  t h a t  have now disappeared,  they 
must be  regarded a s  i r r e p l a c e a b l e ,  I f  they  were removed, they may n o t  be 
rep laced  by n a t u r a l  p rocesses ,  and t h e  l o c a l  oceanographic and b i o l o g i c a l  
regime would be  per turbed  f o r  long  pe r iods  of t i m e .  

The t i s  I s land  seems e s p e c i a l l y  vu lnerab le ,  and because o f  t h e  i n c r e a s i n g  
i n t e n s i t y  o f  use  of t h e  i s l a n d  and surrounding waters, c o n f l i c t s  are l i k e l y  t o  
a r i s e .  Because i t  i s  t h e  on ly  b a r r i e r  i s l a n d  i n  Harrison Bay, m e t i s  I s land  
i s  r e g u l a r l y  used a s  s h e l t e r  f o r  s h i p  and barge t r a f f i c .  However, dur ing  t h e  
summer, t h e  i s l a n d  i s  used by a  l a r g e  b i r d  popula t ion   orto ton and Sackinger,  
1981) ,  

The s h o a l s  on t h e  o u t e r  s h e l f  c o n t r o l  t h e  p o s i t i o n  of t h e  i n t e n s e  ice 
r i d g i n g  of t h e  stamukhi zone (Rea r i c  and Barnes, 1980; Reimnitz and o t h e r s ,  
1977c, 1978; and Reimnitz and Kempema, 1981).  Because of t h i s ,  t h e s e  shoa l s  
should n o t  be  mined o r  reduced i n  any dimension wi thout  cons ide r ing  t h e  
e f f e c t s  upon ice zonat ion;  on t h e  o t h e r  hand, w e  are unaware of any objection 
t o  adding f i l l  t o  b u i l d  t h e s e  s h o a l s  above s e a  l e v e l .  The sand apron t o  t h e  
southwest  of Stamukhi Shoal  p o s s i b l y  could be  reshaped wi thout  a f f e c t i n g  ice  
dynamics, b u t  t h e  understanding of t h e  i n t e r a c t i o n  of grounded ice and s h o a l  
sediments i s  p r e s e n t l y  inadequate .  

Weller Bank, t h e  l a r g e s t  and most equidimensional body of sand and g rave l  
on t h e  western Beaufort  s h e l f ,  i s  l o c a t e d  a t  t h e  boundary between f a s t  i c e  and 
moving ice, c o n t r o l l i n g  t h e  p o s i t i o n  of t h e  stamukhi zone. A c r o s s  s e c t i o n  of 
a reshaped Weller Bank (Fig.  2 4 )  w i t h  a h y p o t h e t i c a l  dredged product ion  i s l a n d  
on t o p  was prepared t o  show r e l a t i v e  s i z e s  (Barnes and R e i s s ,  1981). Minor 
reshaping of Weller Bank may n o t  s e v e r e l y  a l t e r  i ce  zona t ion ,  b u t  expor t  of 
t h e  sand and g r a v e l  t o  some o t h e r  p a r t  of t h e  S a l e  71 a r e a  would s eve re ly  
d i s r u p t  t h e  i c e  zona t ion  and probably  would dec rease  t h e  e x t e n t  and s t a b i l i t y  
of s h o r e f a s t  ice. 

Environmental problems r e l a t e d  t o  t h e  dredging o f  l a r g e  g rave l  p i t s  on 
t h e  Beaufort  s h e l f  must be viewed i n  l i g h t  of s e v e r a l  f a c t o r s .  Rivers  
p r e s e n t l y  c o n t r i b u t e  l i t t l e  o r  no sand and g r a v e l  t o  t h e  Beaufort  s h e l f  and 
modern sed imenta t ion  r a t e s  seem t o  be  low, d e s p i t e  perhaps t h e  f a s t e s t  
r e t r e a t i n g  c o a s t l i n e s  i n  North America. I n  s p i t e  of  t h i s ,  t h e  i c e - r e l a t e d  
reworking of t h e  s e a  f l o o r  i s  a  very  dynamic p roces s  and r a t e s  of ice-scour  
i n f i l l i n g  sugges t  t h a t  sediment t r a n s p o r t  on t h e  s h e l f  i s  f a r  g r e a t e r  than  t h e  
p r e s e n t  r a t e s  of a c c r e t i o n  would l e a d  one t o  be l i eve .  Therefore ,  l a r g e  g r a v e l  
p i t s  i n  shal low water would probably soon r e f i l l ,  removing much sediment from 
c i r c u l a t i o n  and p o s s i b l y  f u r t h e r  aggrava t ing  c o a s t a l  e r o s i o n  ( E .  Reimnitz, 
w r i t t e n  comm., 1982).  

Probably t h e  most s i g n i f i c a n t  consequence of cons t ruc t ion  of a r t i f i c i a l  
i s l a n d s  on t h e  Beaufort  s h e l f  w i l l  be  g r e a t l y  i nc reased  water  t r a f f i c .  F i l l  
probably cannot  be t rucked i n  ove r  t h e  i c e  t o  t h e  o u t e r  p a r t  of t h e  area, and 
w i l l  a lmost  c e r t a i n l y  have t o  be  c a r r i e d  t o  a r t i f i c i a l  i s l a n d  sites by barge, 
e i t h e r  from s t o c k p i l e s  on t h e  beach or from submerged dredge p i t s .  The 
problem i s  i n t e n s i f i e d  by t h e  s c a r c i t y  of obvious borrow sites i n  a l l  except  
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t h e  c e n t r a l  and e a s t e r n  p a r t s  of  t h e  Beaufort  Sea She l f .  An i n c r e a s e  i n  
v e s s e l  t r a f f i c  i n  t h e  a r e a  w i l l  b e  a t t ended  by a  h ighe r  p r o b a b i l i t y  of 
c o l l i s i o n s  and a c c i d e n t s  and consequent po l lu t i on .  Indus t ry  w i l l  probably 
p r e s s  f o r  l engthening  t h e  barg ing  season  through t h e  u se  of  i c eb reake r s  dur ing  
e a r l y  summer and l a t e  autumn; i f  s o ,  ice hazards  t o  water t r a f f i c  w i l l  
i n c r e a s e ,  and water t r a f f i c  w i l l  be a c t i v e  du r ing  seasons  t h a t  c u r r e n t l y  are 
r e l a t i v e l y  q u i e t .  

The one o r  more l a r g e  s u c t i o n  dredges t h a t  w i l l  probably be used t o  
provide  f i l l  f o r  a r t i f i c i a l  i s l a n d s  w i l l  need a  deep  and s h e l t e r e d  anchorage 
p ro t ec t ed  from moving i c e .  The s h e l t e r i n g  of dredges i n  t h e  l e e  of b a r r i e r  
i s l a n d s  c r e a t e  sea-bottom depress ions  t h a t  could  damage t h e  i s l a n d s .  

SUMMARY 

Beaches may s e r v e  as sou rces  of sand and g r a v e l ,  b u t  t h e  f a c t  t h a t  coa r se  
sediments a r e  n o t  p r e s e n t l y  being de l ive red  t o  t h e  c o a s t  by r i v e r s ,  coupled 
wi th  very high rates of c o a s t a l  r e t r e a t ,  may make t h e s e  areas u n s u i t a b l e  f o r  
mining. The c r e a t i o n  of  l a r g e  dredge p i t s  near  shore ,  and t h e  subsequent 
i n f i l l i n g  of t h e s e  f e a t u r e s  could remove much mobile sediment  from t h e  s h e l f  
and a c c e l e r a t e  r a t e s  of coastal retreat. I s l a n d s  and s h o a l s  a r e  r i c h  sources  
of f i l l ,  but t h e i r  f r a g i l e  n a t u r e  and e f f e c t s  upon ice  zona t ion  may a l s o  make 
them u n s u i t a b l e  f o r  sand and g r a v e l  removal. 

Other s u r f i c i a l  sou rces  of sand ,  and p a r t i c u l a r l y  g r a v e l ,  a r e  s c a t t e r e d  
w e s t  of t h e  Canning River.  To t h e  e a s t  of t h i s  r i v e r  p re l iminary  s t u d i e s  
sugges t  t h a t  t h e  i n n e r  s h e l f ,  o u t  t o  dep ths  of approximately 15 m, and t h e  
o u t e r  s h e l f  may have a  s u r f i c i a l  cover  of coa r se  g ranu la r  materials. 

The subsur face  geology of t h e  Beaufort  Sea s h e l f  i s  i n s u f f i c i e n t l y  known 
t o  q u a n t i f y  estimates of sand and g r a v e l  resources  i n  a l l  b u t  a f e w  l o c a l i z e d  
a r e a s ,  The q u a l i t a t i v e  assessment  of t h e s e  subsur face  resources  made i n  t h i s  
document must be  viewed wi th  c a u t i o n  u n t i l  v e r i f i e d  by d r i l l i n g  and a d d i t i o n a l  
geophysical  work. I n  gene ra l ,  t h e  c o a r s e  a l l u v i a l  and outwash m a t e r i a l s  
depos i t ed  du r ing  t h e  P l e i s t o c e n e  (Wisconsin) extend seaward of t h e  c o a s t  only 
w i th in  pa l eova l l eys  of t h e  P l e i s tocene  d ra inage  system, as  shown by boreholes  
and t h e  shot-hole  survey  o f f  t h e  C o l v i l l e  d e l t a .  West of t h e  C o l v i l l e  River ,  
coa r se  sediments should be  r a r e ,  wh i l e  t o  t h e  e a s t  t h e s e  subsur face  sou rces  
should be  p l e n t i f u l .  Sources of g r a v e l  between pa l eova l l eys  (mid-Pleistocene 
and o l d e r )  a r e  g e n e r a l l y  bonded and o v e r l a i n  by overconsol ida ted  s i l ts  and 
c l ays .  Coarse sediments w i t h i n  pa l eova l l eys  are g e n e r a l l y  unbonded and 
o v e r l a i n  by less than  10  m of s o f t  Holocene muds. Eas t  of t h e  Canning River ,  
the s u r f i c i a l ,  pos s ib ly  r e l i c t  g r a v e l s  of t h e  i n n e r  and o u t e r  s h e l f ,  may 
extend t o  subbottom depths  of s e v e r a l  meters, 

Areas s e l e c t e d  f o r  dredging should f i r s t  undergo ex t ens ive  s t u d i e s  f o r  
t h e  presence  of sha l low gas. Permafrost  i s  probably n o t  a  hazard t o  sand and 
g r a v e l  mining, a l though t h e  presence  of  ice-bonded permafros t  w i l l  make 
dredging imprac t ica l .  Dredging ope ra t i ons  , where n o t  i n j u r i o u s  t o  t h e  
c o a s t l i n e  o r  b a r r i e r  i s l a n d s ,  w i l l  probably have q u a l i t a t i v e l y  s i m i l a r  e f f e c t s  
upon t h e  marine environment a s  t h e  n a t u r a l  p roces s  of  i c e  s cou r ,  b u t  w i l l  be 
of a g u a n t a t i v e l y  sma l l e r  a r e a l  impact.  
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I APPROX. BOUNDARtES OF DATA COVERAGE FOR THE APPRAISAL 
OF SU8SURFACE DEPOSITS , SAND & GRAVEL 

Figure 2 8  
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HOLOCENE SEDIMENT THICKNESS 

(meters) 

Figure 4c ( based on Reimni t z  e t  a1 . , 1972, 

Hartz e t  a1 . , 1979,  Boucher e t  a1 . , 
1981 ) 
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Figure 8 .  Sources o f  f i l l  i n  a n d  near 
Sale 71 area ( from   or ton 
and Sack i  nger, 1981 ) . 
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Figure 9. Mean diameter of surface sediments 
from C a p e  Simpaon to Barter Island 

(from Barnes, 19 74 . 













Figure 14 .  S u r f i c i a l  sediment t e x t u r e  from 
t h e  Canning R i v e r  t o  t h e  Canadian 

border (from Reirnni t z  and o t h e r s ,  1982) . 



Figure 15 .  Subsurface sediment type  ( t o  
depths o f  a few tens o f  meters ) 

based on industry shot-hole d r i l l e r  

logs made available t o  E .  R e i m n i t z .  
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Figure 1 8 .  Preliminary map showing known 

distributions of high-velocity 

material ,  from study of industry 

seismic records ( Sellmann et al,, 
19811, (from Norton and Sackinger,  

1981) .  







Figure 21,  sheet 1. Areas of shallow 

gas (from G r a n t z  and others, 

19821, 
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shallow gas and permafrost.Structure shown is for 
inferred Late Cretaceous to Tertiary section (from Craig 
and Thrasher, 1982). 



F i  g. 23. Seismic ttull ine coverue showing the extent of Lr gm reflector in Stefanuon Sound. T h e  indicated reflector depths 
below the mudline in nrctcrs (urull numbers within the gas area) we based on reflection time, assuming an average velocity of 
'""" -I hcc in the mmttan.  
n~he S-meter hobath L rb-. ( from Boucher e t  a1 . , 1981 ) . 
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Figure 24. Hypothetical dredged production 

i s l a n d  sited on Weller Bank( see 

F i g .  7 for locat ion) .  The dimensions . 
and slopes of the island are according 
to  industry designs for t h i s  type of 

i s l a n d ,  drawn a t  a vertical exaggeration 

of 15 x. Sub-bottom traces are from 7 KHz 

seismic records. Thickness and extent 

of gravel and o f  sand at  Weller Bank 
are estimated from surface samples (from 
Norton and Sackinger, 1981). 
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