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I l l u s t r a t i o n s  

Page - 
Figure 1 .  Bathymetric map of the Alaskan Beaufort and northeastern Chukchi 

Seas showing area of proposed o i l  and gas lease s a l e  no. 87, o i l  and gas 
f i e l d s  and seeps i n  northern Alaska, t h e  Trans-Alaska Pipeline System 
(TAPS),  U.S. Geological Survey multichannel seismic-reflection prof i l e  
data base, and location of geologic cross-sections shown in  other f igures .  4 4 

Figure 2 .  Most northerly (N), most southerly (S), and median (M) position of 
the southern edge of the Arctic i ce  pack north of Alaska during the usual 
period of maximum r e t r e a t ,  September 16 t o  30, based on data from 1954 
through 1970 ( a f t e r  Brower and others ,  1977).  

Figure 3. Generalized s t ra t igraphy of northern Alaska and adjacent Beaufort 
she l f .  

Figure 4 .  S t ruc tura l  geologic map of areas of proposed o i l  and gas lease sale  
87 covered by U.S. Geological Survey seismic-reflection data (see  Fig. 
1 ) .  A l l  l ines  dashed where inferred or projected. Onshore data west of 
Colvi l le  River from Miller and others (1979). 47 

Figure 5. Generalized average seismic-reflection time a s  a function of depth 
fo r  Beaufort s h e l f ,  derived from seismic-stacking-velocity measurements. 4 8 

Figure 6 .  In te rpre t ive  map showing thickness of sedimentary rocks prospective 
for  petroleum i n  and near proposed lease sa le  
87. 4 9 

Figure 7.  Correlated well sect ion i n  northern Alaska adjacent t o  proposed o i l  
and gas lease s a l e  87. 50 

Figure 8.  Northeast-southwest regional geologic sect ion,  based on seismic- 
re f lec t ion  prof i l es  across Barrow arch in the northeastern Chukchi Sea. 
PpC, lower Paleozoic or Precambrian bedded rocks; Fr ,  Franklinian 
sequence; E, Ellesmerian sequence; Lk, U k ,  llPgll and "Ngfl are  Lower 
Cretaceous, Upper Cretaceous, Paleogene(?) and Neogene(?) sedimentary 
rocks. Numbers are sonobuoy ve loc i t i es  i n  K m / s .  See Figure 1 fo r  
location.  

Figure 9 .  CDP seismic-reflection prof i le  2783 showing pre-Jurassic c l a s t i c  
wedge (SOf) beneath Arctic platform west of Point Barrow. BU,  breakup 
unconformity, Inferred acoustic uni ts :  K t ,  Torok Formation (Albian 
fo rese t  beds); Jk ,  shale ,  s i l t s t o n e ,  and sandstone of lower ( Jurass ic )  
part  of Kingak Shale of Jurass ic  t o  early Neocomian age; SOf, inferred 
submarine-fan deposits ,  and Sob, marine basinal  deposits correlated w i t h  
Ordovician and Si lur ian  marine a r g i l l i t e  and graywacke (SOag) of 
subsurface northern Alaska; D s ,  Devonian(?) bedded,  presumable sedimentary 
rocks; PzpCs, upper Precambrian(?) and lower Paleozoic bedded, presumable 
sedimentary rocks. See Figure 1 f o r  location of  
p ro f i l e .  

Figure 10. CDP seismic-reflection p r o f i l e  1783, a dip l i n e  across r i f t e d  
continental  margin northwest of Point Barrow. Note r i f t ed  edge of Arctic 
platform, breakup unconformity (BU), faulted subsidence hinge l i n e ,  deep 
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Nuwuk b a s i n  seaward o f  h i n g e  l i n e ,  and growth f a u l t s  benea th  o u t e r  
s h e l f .  I n f e r r e d  a c o u s t i c  u n i t s :  QTs, Q u a t e r n a r y  and upper T e r t i a r y ( ? )  
c l a s t i c  sed imenta ry  rocks; T s ,  T e r t i a r y  and p o s s i b l y  Upper Cre taceous  
c l a s t i c  sed imenta ry  r o c k s ;  Ktc, Torok Formation (Alb ian  f o r e s e t  b e d s ) ,  and 
C o l v i l l e  Group (Upper Cre taceous )  and p o s s i b l y  T e r t i a r y  c l a s t i c  
sed imenta ry  r o c k s ;  Kps, p robab ly  t h e  Pebble  s h a l e  u n i t  ( H a u t e r i v i a n  t o  
Barremian bot tom-set  b e d s ) ,  p o s s i b l y  i n c l u d e s  bot tom-set  beds o f  b a s a l  
p a r t  o f  Torok Formation ( A l b i a n ) ;  Ks, Lower and Upper Cre taceous  c l a s t i c  
sed imenta ry  r o c k s  o f  Nuwuk b a s i n ;  SOf, i n f e r r e d  submarine-fan d e p o s i t s  
t e n t a t i v e l y  c o r r e l a t e d  w i t h  Ordov ic ian  and S i l u r i a n  mar ine  a r g i l l i t e  and 
graywacke of s u b s u r f a c e  n o r t h e r n  Alaska;  PzpCs, upper P recambr ian(? )  and 
lower  P a l e o z o i c  bedded,  presumable  sed imenta ry  r o c k s .  See  F i g u r e  1 f o r  
l o c a t i o n  o f  p r o f i l e .  5 3 

F i g u r e  1 1 .  Obl ique c r o s s i n g  o f  r i f t e d  c o n t i n e n t a l  margin a l o n g  CDP s e i s m i c -  
r e f l e c t i o n  p r o f i l e  778 n o r t h e a s t  of P o i n t  Barrow, showing A r c t i c  p l a t f o r m ,  
breakup unconformity (BU), s u b s i d e n c e  h i n g e  l i n e ,  and Nuwuk b a s i n .  
I n f e r r e d  a c o u s t i c  u n i t s :  Ts ,  T e r t i a r y  and p o s s i b l y  Upper Cre taceous  
c l a s t i c  sed imenta ry  r o c k s ;  Ktc, Torok Formation (Alb ian)  and C o l v i l l e  
Group (Upper C r e t a c e o u s )  mar ine  and p o s s i b l y  some p a r a l i c  sed imenta ry  
r o c k s ;  Kps(?), probab ly  Pebb le  s h a l e  u n i t  ( H a u t e r i v i a n  t o  Barremian 
bot tom-set  b e d s ) ;  K s ,  Lower and Upper Cre taceous  c l a s t i c  sed imenta ry  r o c k s  
o f  Nuwuk b a s i n ;  Sob,  i n f e r r e d  b a s i n a l  d e p o s i t s ,  t e n t a t i v e l y  c o r r e l a t e d  
w i t h  Ordov ic ian  and S i l u r i a n  marine a r g i l l i t e  and graywacke o f  s u b s u r f a c e  
n o r t h e r n  Alaska;  PzpCs, Upper P recambr ian(? )  and lower  P a l e o z o i c  bedded,  
presumable sed imenta ry  r o c k s .  Note c o n c e n t r a t i o n  of growth f a u l t s  over  
s t e e p  s l o p e  n o r t h  o f  s u b s i d e n c e  h i n g e  l i n e ,  and e x t e n s i v e  slumping and 
c h a n n e l i n g  i n  Cre taceous  beds o f  Nuwuk b a s i n .  See  F i g u r e  1 f o r  l o c a t i o n  
o f  p r o f i l e .  5 4 

F i g u r e  12. CDP s e i s m i c - r e f l e c t i o n  p r o f i l e  753, a d i p  l i n e  a c r o s s  c o n t i n e n t a l  
margin nor thwes t  o f  Prudhoe Bay showing r i f t e d  A r c t i c  p l a t f o r m ,  Dinkum 
g r a b e n ,  subs idence  h inge  l ine ,  breakup unconformity  (BU), and growth 
f a u l t s  and a s s o c i a t e d  r o t a t i o n a l  megaslump n e a r  s h e l f  b r e a k .  I n t e r p r e t e d  
a c o u s t i c  u n i t s :  T s ,  t o p s e t  beds i n  T e r t i a r y  r e g r e s s i v e  sequence i n  upper 
p a r t  of  pos tb reakup  p r o g r a d a t i o n a l  sed imenta ry  p r i sm;  TKs, Cre taceous  and 
lower  T e r t i a r y  f o r e s e t  and some bot tom-set  beds i n  mainly t r a n s g r e s s i v e  
lower  p a r t  o f  pos tb reakup  p r o g r a d a t i o n a l  sed imenta ry  p r i sm.  Dot-dashed 
l i n e  w i t h i n  TKs u n i t  is a rough e s t i m a t e  f o r  base  o f  T e r t i a r y ,  p r o j e c t e d  
from onshore ;  Kps, Pebble  s h a l e  u n i t  and p o s s i b l y  condensed bot tom-set  
beds a t  base  o f  Torok Format ion;  KJk, weakly r e f l e c t i v e  beds (Kingak 
S h a l e ( ? ) )  i n  Dinkum g r a b e n ;  J p J e ,  modera te ly  r e f l e c t i v e  beds  ( s a n d s t o n e ( ? )  
and p o s s i b l y  c a r b o n a t e ( ? ) )  o f  E l l e s m e r i a n  sequence i n  Dinkum graben  
( J u r a s s i c  o r  o l d e r ) ;  P z f ,  F r a n k l i n i a n  sequence (Cambrian t o  Devonian);  C ,  
b a s a l  r e f l e c t o r  o f  zone of  gas h y d r a t e .  See  F i g u r e  1 f o r  l o c a t i o n  of  
p r o f i l e .  

F i g u r e  13. CDP s e i s m i c - r e f l e c t i o n  p r o f i l e  751, a  d i p  l i n e  a c r o s s  c o n t i n e n t a l  
margin n o r t h  o f  Prudhoe Bay, showing Dinkum g r a b e n ,  compound s u b s i d e n c e  
h i n g e  l i n e ,  breakup unconformity  (BU) , and zone of growth f a u l t s  and 
a s s o c i a t e d  r o t a t i o n a l  megaslump o v e r l y i n g  h i n g e  zone.  I n t e r p r e t e d  
a c o u s t i c  units same as i n  F i g u r e  12. See  F i g u r e  1 f o r  l o c a t i o n  of 
p r o f i l e .  



F i g u r e  14.  CDP s e i s m i c - r e f l e c t i o n  p r o f i l e  724 a c r o s s  Camden a n t i c l i n e ,  a l a r g e  
e a s t - n o r t h e a s t - s t r i k i n g  detachment f o l d  o f f  Camden Bay. Fold is i n f e r r e d ,  
from d i s c o r d a n c e  between hor izon  A and h i g h e r  beds ,  t o  be  detached n e a r  4 
s i sochron .  Horizon A is e s t i m a t e d  by rough p r o j e c t i o n  from onshore  t o  be  
n e a r  base  o f  T e r t i a r y  sed imenta ry  rock u n i t  Ts .  Horizon B may be a t  t o p  
o f  a t h i n  sequence o f  Lower Cre taceous  bot tom-set  s h a l e  beds t h a t  p o s s i b l y  
o v e r l i e s  t h e  J u r a s s i c  and Lower Cre taceous  Kingak S h a l e  (KJk) .  Uni t  K s  
may be Cre taceous  mar ine  sed imenta ry  r o c k s .  S e e  F i g u r e  1 f o r  l o c a t i o n  o f  
p r o f i l e .  5 7 

F i g u r e  15. CDP s e i s m i c - r e f l e c t i o n  p r o f i l e  714 a c r o s s  Kaktovik b a s i n  n o r t h  of 
Alaska-Yukon T e r r i t o r y  boundary,  showing Demarcation s u b b a s i n ,  d i a p i r i c  
s h a l e  r i d g e  t h a t  dominates s h e l f  s t r u c t u r e  i n  t h i s  a r e a ,  and a few s h a l e -  
co red  d i a p i r i c  f o l d s  of c o n t i n e n t a l  s l o p e  and rise. I n f e r r e d  a c o u s t i c  
u n i t s :  Ns, Neogene nonmarine and marine  sed imenta ry  r o c k s ;  Ts ,  midd le  
T e r t i a r y  ( O l i g o c e n e ( ? )  and Eocene) mar ine  and n o m a r i n e ( ? )  sed imenta ry  
r o c k s ;  T J s ,  J u r a s s i c  and Cretaceous  mar ine  and p o s s i b l y  lower  Paleogene 
mar ine  o r  nonmarine sed imenta ry  r o c k s ;  P z f ,  F r a n k l i n i a n  s e q u e n c e ( ? ) ;  D ,  
d i a p i r i c  s t r u c t u r e ;  C ,  b a s e  o f  g a s  h y d r a t e ;  M ,  seabed m u l t i p l e ;  km/s, 
sonobuoy s e i s m i c  v e l o c i t y  ( i n  k i l o m e t e r s  p e r  s e c o n d ) .  Note t h a t  t h r e e  
a n g u l a r  u n c o n f o r m i t i e s  (dashed l i n e s  U-1 , U-2, and U - 3 )  c r o s s  t o p  o f  
d i a p i r i c  r i d g e .  Lowest o f  t h e s e  u n c o n f o r m i t i e s  (U-1) shows rough 
e r o s i o n a l  r e l i e f  and,  on s o u t h  f l a n k  o f  d i a p i r i c  r i d g e ,  is i n t e r p r e t e d  t o  
be d i s r u p t e d  by normal f a u l t s  r e l a t e d  t o  d i a p i r i s r n .  Unconformi t i e s  and 
a x i a l  t h i c k e n i n g  o f  r e f l e c t o r  p a c k e t s  i n  Demarcation s u b b a s i n  demons t ra te  
t h a t  d i a p i r i s m  and s e d i m e n t a t i o n  were penecontemporaneous. See  F i g u r e  1 
f o r  l o c a t i o n  of p r o f i l e .  58 

F i g u r e  16.  Pe t ro leum p r o v i n c e s  o f  proposed o i l  and g a s  l e a s e  s a l e  87. (See 
Table  1 f o r  names o f  p r o v i n c e s ) .  The N a t i o n a l  Pet roleum Counci l  
(December, 1981) e s t i m a t e s  t h a t  proven t echno logy  and s u f f i c i e n t  
i n f o r m a t i o n  and t e c h n i c a l  e x p e r t i s e  e x i s t  t o  a l l o w  pe t ro leum o p e r a t i o n s  
out t o  abou t  t h e  200-foot i s o b a t h  on t h e  B e a u f o r t  and n o r t h e a s t  Chukchi 
s h e l v e s .  

F i g u r e  17.  G e n e r a l i z e d  s t r a t i g r a p h i c  column benea th  t h e  A r c t i c  c o a s t a l  p l a i n  
of n o r t h e r n  Alaska ,  showing p o s i t i o n  o f  o i l  and g a s  p o o l s  and of s t r o n g  
shows o f  o i l  and g a s  encoun te red  i n  t e s t  wells. (Data  from Alaska 
G e o l o g i c a l  S o c i e t y ,  1971, and 1972; BrosgC and Tailleur, 1971; Jones  and 
S p e e r s ,  1976; Jamison and o t h e r s ,  1980; and i n d u s t r y  announcements) .  60 

F i g u r e  18. Thermal m a t u r i t y  o f  p o s t - r i f t  sed iments  i n  the  area of s a l e  87 as  a 
f u n c t i o n  o f  time and p r e s e n t  dep th  o f  b u r i a l .  Numbered zones  r e p r e s e n t :  
1 ) Immature zone - g e n e r a t i o n  of b i o g e n i c  g a s  o n l y ,  2 )  O i l  zone - 
g e n e r a t i o n  o f  o i l  and a s s o c i a t e d  g a s ,  3)  Thermal gas zone - g e n e r a t i o n  o f  
t h e r m a l  g a s  and breakdown o f  l i q u i d  hydrocarbons  i n t o  g a s ,  and 4 )  Over ly  
mature  zone - t e m p e r a t u r e s  above t h a t  a t  which hydrocarbons  a r e  s t a b l e .  
Heat flow c u r v e s ,  used t o  de te rmine  t h e  t e m p e r a t u r e  h i s t o r y  o f  t h e  
s e d i m e n t s ,  c a l c u l a t e d  from h e a t  f low measurements i n  t h e  Canada Bas in  by 
Lachenbruch and Marsha l l  (1966) and from t h e  Geothermal Grad ien t  Map o f  
North  America (American A s s o c i a t i o n  o f  Pe t ro leum G e o l o g i s t s  and U.S. 
G e o l o g i c a l  Survey ,  1976) .  Heat f low c u r v e s  e x t r a p o l a t e d  back i n  t ime  
u s i n g  t h e  method o f  Royden and o t h e r s  (1980) .  6 1 

F i g u r e  19. D i a p i r s ,  s h a l l o w  free g a s  c o n c e n t r a t i o n s ,  d e p t h s  t o  base  o f  n a t u r a l  
gas h y d r a t e ,  and a r e a  p o s s i b l y  u n d e r l a i n  by o v e r p r e s s u r e d  s h a l e  o f f s h o r e  
of n o r t h e r n  Alaska, 62 
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F i g u r e  20. CDP s e i s m i c - r e f l e c t i o n  p r o f i l e  725, on t h e  c o n t i n e n t a l  s l o p e  a t  
2670 t o  2935 dep th  o f f  Camden Bay, showing zone o f  d iminished r e f l e c t i o n s  
(DR) thought  t o  be caused by cementat ion wi th  gas h y d r a t e ,  and t h e  
u n d e r l y i n g  zone o f  enhanced r e f l e c t i o n s  (ER) i n t e r p r e t e d  t o  r e p r e s e n t  gas-  
charged sediment beneath  t h e  gas h y d r a t e .  The strong bottom s i m u l a t i n g  
r e f l e c t o r  (BSR) is i n t e r p r e t e d  t o  r e p r e s e n t  t h e  i n t e r f a c e  between t h e  
hydra ted  zone and t h e  under ly ing  h y d r a t e - f r e e  gas-charged sediment .  Note 
t h a t  t h e  h y d r a t e - r e l a t e d  r e f l e c t i o n s  a r e  b e s t  developed under a 
ba thymet r ic  h i g h ,  where they form a p s e u d o a n t i c l i n e  t h a t  is superimposed 
on t h e  s y n c l i n a l  s t r u c t u r e  o f  t h e  bedded count ry  rock .  

F i g u r e  21. T e x t u r a l  c h a r a c t e r  of s u r f i c i a l  sediments  on t h e  Alaskan Beaufort 
and n o r t h e a s t  Chukchi s h e l v e s .  

F i g u r e  22. Holocene marine sediment t h i c k n e s s  on t h e  Alaskan Beaufor t  and 
n o r t h e a s t  Chukchi s h e l v e s .  

F i g u r e  23. P r e l i m i n a r y  map o f  y o u t h f u l  l a n d s l i d e  t e r r a n e s  on t h e  Beaufor t  
s h e l f  and s l o p e  n o r t h  o f  Alaska. 

F i g u r e  24. Holocene f a u l t s ,  ea r thquake  e p i c e n t e r s ,  and s t r u c t u r a l  a x e s  on t h e  
c o n t i n e n t a l  margin n o r t h  o f  Alaska.  

F i g u r e  25. Isoseismal map o f  n o r t h e r n  Alaska showing p r o j e c t e d  maximum 
i n t e n s i t i e s  o f  major ea r thquakes  through 1974 (modif ied from Meyers, 
1976b).  

F i g u r e  26. Cur ren t  p a t t e r n s  and r e g i o n s  o f  s t r u d e l  s c o u r  on t h e  Alaskan 
Beaufor t  and n o r t h e a s t  Chukchi s h e l v e s .  

F i g u r e  27. C o a s t a l  hazards  and i c e  z o n a t i o n  on t h e  Alaskan Beaufor t  and 
n o r t h e a s t  Chukchi s h e l v e s .  

F i g u r e  28. The i c e  gouge i n t e n s i t y  o f  t h e  Alaskan Beaufor t  and n o r t h e a s t  
Chukchi s h e l v e s .  I c e  gouge i n t e n s i t y  is a product  o f  maximum gouge 
i n c i s i o n  dep th ,  maximum gouge wid th ,  and gouge d e n s i t y  per  k i l o m e t e r s  o f  
s h i p ' s  t r a c k .  



In t roduc t ion  

Proposed o i l  and gas l e a s e  s a l e  87 i n  t h e  Beaufort  and no r theas t  

Chukchi Seas  (F ig .  1 )  o f f e r s  petroleum e x p l o f a t i o n i s t s  t h e  most promising 

u n d r i l l e d  t e r r a n e  f o r  medium t o  g i a n t  oil and gas  accumulations i n  t h e  

United S t a t e s .  The same a rea  is a l s o  by f a r  t he  most environmental ly  

d i f f i c u l t  region f o r  petroleum exp lo ra t i on  and development i n  t h e  na t ion .  

Despi te  t h e  d i f f i c u l t i e s ,  however, t h e  Nat iona l  Petroleum Council (1981, p.  

5 )  es t ima te s  t h a t  "Proven technology and s u f f i c i e n t  information and 

t e c h n i c a l  e x p e r t i s e  f o r  advanced design work is  a v a i l a b l e  f o r  t he  i ndus t ry  

t o  proceed con f iden t ly  wi th  ope ra t i ons  i n  water a s  deep a s  650 f e e t  i n  t h e  

southern Bering Sea and t o  about 200 f e e t  i n  t h e  more severe ly  ice-covered 

a r e a s  o f  t h e  nor thern  Bering, Chukchi, and Beaufort  Seas ."  The a r e a  of  t h e  

l e a s e  s a l e  i n  which water is 200 f e e t  deep o r  less comprises about 6 0 x 1 0 ~  sq 

km, o r  about  30 percent  of  t h e  s a l e  a r e a .  

The a r ea  of t h e  proposed l e a s e  s a l e  (F ig .  1 )  extends l a t e r a l l y  more 

than 800 km from t h e  c o n t i n e n t a l  s h e l f  boundary between Canada and t h e  

United S t a t e s  i n  t he  e a s t  t o  1 6 2 ~ 0 0 ~ ~ .  long i n  t h e  west. Its north-south 

e x t e n t ,  from t h e  t h r e e  geographical  mi le  limit of f  t h e  nor thern  Alaska coas t  

( b u t  7 1 ~ 0 0 ' ~ .  l a t  i n  t h e  Chukchi Sea)  t o  73 '00 '~ .  l a t  ranges from about 175 

h a t  Po in t  Barrow t o  about  370 km near  Demarcation Bay. S a l e  87 o f f e r s  f o r  

l e a s e  s l i g h t l y  more than 2 x 1 0 ~  sq km of t h e  Beaufort  and Chukchi Seas  and 

ad j acen t  A r c t i c  Ocean. 

S a l e  87 l ies ad j acen t  t o  t h e  North Slope of  Alaska which, d e s p i t e  its 

remoteness, is ex t ens ive ly  developed f o r  petroleum (F ig .  1 ) .  The reg ion  i s  

served by the  Trans-Alaska P i p e l i n e  System (TAPS), a common c a r r i e r ,  which 

will provide an o u t l e t  f o r  o i l  brought t o  i ts northern terminus near  Prudhoe 

Bay. If t h e  proposed Alaska Natura l  Gas Transpor t a t i on  System, a p i p e l i n e  

with a terminus near  Prudhoe Bay, is a l s o  b u i l t  i t  would presumably provide 

t h e  means f o r  ca r ry ing  s a l e  87 n a t u r a l  gas t o  market. These p i p e l i n e s  

favorab ly  a f f e c t  t h e  economics o f  developing o i l  and gas d e p o s i t s  t h a t  may 

be found i n  t h e  s a l e  a r e a  because t h e  f e a s i b i l i t y  of  economically 

t r a n s p o r t i n g  l a r g e  volumes of o i l  o r  gas by tanker  year-round from t h e  

Alaskan Beaufort  Sea t o  marke t s  i n  t h e  conterminous United S t a t e s  has  y e t  t o  

be demonstrated . 



1 The p r e s e n t  r e p o r t  p r e s e n t s  an overview o f  t h e  g e o l o g i c  framework, 

pe t ro leum p o t e n t i a l ,  env i ronmenta l  c o n d i t i o n s ,  and g e o l o g i c  haza rds  o f  t h e  

proposed s a l e  area. It is based mainly  on U.S. G e o l o g i c a l  Survey d a t a ,  b u t  

i n c l u d e s  i n t e r p r e t a t i o n s  based on pub l i shed  d a t a  from o t h e r  s o u r c e s .  Its purpose  

is  t o  a s s i s t  t h e  Bureau o f  Land Management i n  t h e  s e l e c t i o n  o f  a r e a s  most 

a t t r a c t i v e  f o r  l e a s i n g ,  and t o  i d e n t i f y  t h e  g e o l o g i c  and env i ronmenta l  

c o n s t r a i n t s  and h a z a r d s  t h a t  might a d v e r s e l y  a f f e c t  development o r  damage 

e x p l o r a t i o n  and p r o d u c t i o n  s t r u c t u r e s .  Many of t h e s e  geologic and env i ronmenta l  

c o n d i t i o n s  are encoun te red ,  and r o u t i n e l y  surmounted o r  avo ided ,  on o t h e r  Uni ted  

States c o n t i n e n t a l  marg ins .  Other  c o n d i t i o n s ,  however, such  as t h e  d r i f t i n g  

p o l a r  ice  pack and t a b u l a r  i c e b e r g s ,  w i n t e r  da rkness  and i n t e n s e  c o l d ,  and 

remoteness  a r e  a b s e n t  o r  less extreme e l s e w h e r e  t h a n  i n  t h e  a r e a  o f  proposed 

l e a s e  s a l e  87. These c o n d i t i o n s  w i l l  g e n e r a l l y  make t h e  c o n t r o l  o f  o i l  s p i l l s  

and blowouts i n  t h e  l e a s e  s a l e  a r e a  more d i f f i c u l t  than i n  more s o u t h e r l y  s a l e  

a r e a s ,  and might f o r c e  long  d e l a y s  i n  t h e  p o s i t i o n i n g  o f  equipment t o  d r i l l  

r e l i e f  w e l l s  or r e p a i r  subseabed p i p e l i n e s .  Note i n  F i g u r e  2 t h a t ,  w h i l e  i n  some 

y e a r s  t h e  p o l a r  i c e  pack r e t r e a t s  from the  lease sale area f o r  a s h o r t  p e r i o d  i n  

l a t e  summer, i n  o t h e r  y e a r s  a lmos t  a l l  of t h e  a r e a  remains  benea th  t h e  i c e  pack 

a l l  y e a r  and is beyond t h e  reach  o f  o r d i n a r y  v e s s e l s .  

The p r e s e n t  r e p o r t  is a r e v i s i o n  and expansion o f  U . S .  G e o l o g i c a l  Survey  

Open-File Repor t  80-94 (Gran tz  and o t h e r s ,  19801, which summarizes t h e  g e o l o g i c  

framework, pe t ro leum p o t e n t i a l  and g e o l o g i c  env i ronmenta l  c o n d i t i o n s  f o r  proposed 

o i l  and g a s  l e a s e  sale 71 on t h e  Alaskan B e a u f o r t  s h e l f  from Canada t o  P o i n t  

Barrow and from t h e  t h r e e  geograph ica l -mi le  l i m i t  t o  the 200 m i s o b a t h .  Many of 

t h e  c o n c l u s i o n s  reached i n  Open-File Report  80-94 a r e  r e p e a t e d  h e r e ,  b u t  

a d d i t i o n a l  s t u d i e s  i n  t h e  B e a u f o r t  Sea  and some new d a t a  i n  t h e  n o r t h e r n  Chukchi 

Sea  have r e s u l t e d  i n  a number of new o r  revised i n t e r p r e t a t i o n s  i n  t h e  p r e s e n t  

r e p o r t .  Our p r i n c i p a l  d a t a  base  c o n s i s t s  of t h e  m u l t i c h a n n e l  s e i s m i c - r e f l e c t i o n  

Grant2 and May p r e p a ~ d  t h e  Introduction and t h e  sections on Bathym e t r y  and 
Physiogmphy, Geologic Framework,  Petroleum Potential ,  Gas Hydrate and Overpressured 
Shale; M c M ullin the sect ion on Resource Appraisal Estimates; G ran tz  and Dinter t h e  
sect ions  on Landslides and Young Faults; Dinter t h e  sect ion on Shallow Gas; Dinter, 
Phillips and R eim n i t z  t h e  sect ions  on P e r  m afrost and Unconsolidated Deposits; R eim n i t z  
and Phjllips t h e  sect ions  on Polar  I c e  Pack,  I c e  Gouging, Oceanographic Ream e and 
Currerib, Storm Surge Effects, Coastal  Erosion, River 0 verflow and Strudel  Scour, and 
Suspended Sediment; and Hill t h e  section on Seismicity. 



p r o f i l e s  and accompanying h igh- reso lu t ion  p r o f i l e s  shown i n  F igure  1 and some 

a d d i t i o n a l  s i n g l e  channel s e i smic - r e f l ec t i on  p r o f i l e s ,  sonobuoy r e f r a c t i o n  

measurements, s i d e  scan sonograms, sea bed samples and bathymetr ic  d a t a .  

Bathymetry and physiography 

Proposed l e a s e  s a l e  87 o f f e r s  f o r  bid t h e  entire Outer Cont inenta l  She l f  

(OCS) i n  t h e  Alaskan Beaufort  Sea and almost a l l  of  t h e  OCS i n  t h e  Chukchi Sea 

n o r t h  of  7 1 ~ 0 0 ~ ~ .  l a t  and e a s t  of 1 6 2 ~ 0 0 ~ ~ .  long (Fig.  1 ) .  Areas shal lower than 

200 f e e t ,  where t h e  Nat ional  Petroleum Council (1981, p. 5 )  cons iders  t h a t  t h e  

petroleum indus t ry  can conf ident ly  proceed with ope ra t i ons ,  u n d e r l i e  most of t h e  

Alaskan OCS (i.e., t h e  c o n t i n e n t a l  s h e l f  out  t o  t h e  200 m i s o b a t h )  e a s t  of t h e  

Barrow sea  v a l l e y  and canyon, and almost 60 percent  of t h e  OCS w i th in  t h e  lease 

s a l e  boundaries  west of t h e  s e a  v a l l e y  and canyon (F ig .  1 6 ) .  The l e a s e  s a l e  a r e a  

a l s o  inc ludes  a l l  o f  t he  c o n t i n e n t a l  s l ope  and r i s e  o f f  t h e  Beaufort  Sea coas t  of 

Alaska, p a r t  of  t h e  s l o p e  and r i s e  o f f  t h e  Chukchi Sea c o a s t ,  p a r t  of  t h e  

Mackenzie cone of  the Canada c o n t i n e n t a l  rise, and pa r t  of t he  abyssa l  p l a i n  of 

t h e  Canada Basin beneath t h e  Arc t i c  Ocean (F ig .  16) .  Water depths  i n  t he  s a l e  

a r ea  range from less than 10 m on t h e  s h e l f  a long t h e  Alaskan Beaufort  coas t  t o  

more than  3,800 m on t h e  abyssa l  p l a i n  near  t h e  nor thern  boundary of  t h e  s a l e  

a r e a  a t  7 3 ° 0 0 1 ~ .  l a t .  The bathymetry of most of t h e  l e a s e  sale  a r e a  (from t h e  

Canadian border west t o  1 ~ 8 ~ 0 0 ' W .  long)  is given a t  s c a l e  1:500,000 by Greenberg 

and o t h e r s  ( 198 1 ) . The a rea  west of  1 5 8 ~ 0 0  W .  long is given a t  s c a l e  1 : 1 ,000,000 

i n  Naval Oceanographic Chart N.0.16002, published by t h e  Defense Mapping Agency 

Hydrographic Center ,  Washington, D . C .  20390. Both of t h e s e  maps use t he  po l a r  

s t e r eog raph ic  p r o j e c t i o n ,  which is a conformal p r o j e c t i o n  i n  which meridians 

converge toward t h e  nor th  pole .  Naut ica l  c h a r t s  based on t h e  nonconformal 

modified Mercator p r o j e c t i o n ,  and inc lud ing  more d e t a i l e d  c h a r t s  o f  t h e  nearshore 

a r e a s ,  are a v a i l a b l e  from t h e  Nat iona l  Ocean Survey, U.S. Department of Commerce, 

Washington, D.C. The maps i n  t h e  p re sen t  r epo r t  are based on t h e  conformal po l a r  

s t e r eog raph ic  p ro j ec t i on  because conformal p r o j e c t i o n s  approximate t r u e  d i s t a n c e s  

and a rea3  whereas nonconf ormal p r o j e c t i o n s  g r o s s l y  d i s t o r t  them. 

Geologic framework 

Proposed lease s a l e  87, which c o n s i s t s  of  two s e c t o r s  of c o n t r a s t i n g  

c o n t i n e n t a l  shelf geologic  s t r u c t u r e ,  has  petroleum p o t e n t i a l  i n  two d i s t i n c t i v e ,  

overlapping , sedimentary sequences (F igs .  3 and 4 ) .  The western (Barrow) s e c t o r  

ex tends  from t h e  western p a r t  of t h e  s a l e  a r e a  t o  a bend i n  a t e c t o n i c  hinge l i n e  
3 



n e a r  145' W long .  The 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  ex tends  from near  145' W 

long  t o  t h e  Canadian border .  The h inge  l i n e  is a f l e x u r e  produced when t h e  c r u s t  

t o  t h e  n o r t h  subs ided  r a p i d l y  fo l lowing  t h e  mid-Neocomian ( e a r l y  E a r l y  

Cre taceous)  cu lmina t ion  o f  t h e  r i f t i n g  p r o c e s s  begun i n  E a r l y  J u r a s s i c  t i m e ,  t h a t  

produced t h e  c o n t i n e n t a l  margin n o r t h  o f  Alaska.  For  convenience i n  d e s c r i b i n g  

its petroleum p o t e n t i a l ,  t h e  s a l e  a r e a  has  been d i v i d e d  i n t o  s i x  pet roleum 

prov inces  and f i v e  subprov inces .  These a r e  enumerated i n  Table  1 and t h e i r  a r e a l  

e x t e n t  and r e l a t i o n  t o  major g e o l o g i c  and phys iograph ic  f e a t u r e s  o f  t h e  r e g i o n  

a r e  shown i n  F i g u r e  16. F i g u r e s  3, 4 and 7 show t h e  g e n e r a l  geology and t h e  

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

Alaska and of  t h e  Beaufor t  and n o r t h e a s t  Chukcvhi s h e l v e s .  F i g u r e  5 g i v e s  t h e  

approximate  r e l a t i o n  between s e i s m i c - r e f l e c t i o n  t imes  t o  g e o l o g i c  h o r i z o n s ,  g i v e n  

i n  F i g u r e  4 and o t h e r  i l l u s t r a t i o n s ,  and a c t u a l  dep th .  The t h i c k n e s s  o f  

sedimentary  rocks  above basement f o r  o i l  and g a s  d e p o s i t s  is g i v e n  i n  F i g u r e  6 ,  

and t y p i c a l  c r o s s - s e c t i o n s  and s e i s m i c  p r o f i l e s  a r e  p resen ted  i n  F i g u r e s  7 t o  

15. Data f o r  t h i s  s e c t i o n  and t h a t  on Petroleum P o t e n t i a l  f o r  t h e  o f f s h o r e  are 

mainly from Grantz  and May, i n  p r e s s ;  Grantz  and o t h e r s ,  1979 and 1981; and 

E i t t r e i r n  and G r a n t z ,  1979. Data f o r  t h e  onshore  a r e  from Alaska Geolog ica l  

S o c i e t y ,  197 1 , 1972, 1977, and 198 1 ; Brosgh and T a i l l e u r  , 197 1 ; 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; M i l l e r  and 

o t h e r s ,  1979; and Guldenzopf and o t h e r s ,  1980. 

Sedimentary  sequences  

The sed imenta ry  s t r a t a  of n o r t h e r n  Alaska and t h e  Beaufor t  S h e l f  a r e  

c o n v e n i e n t l y  grouped i n t o  t h r e e  r e g i o n a l l y  e x t e n s i v e  sequences  o f  c o n t r a s t i n g  

l i t h o l o g y ,  t e c t o n i c  c h a r a c t e r  and hydrocarbon p o t e n t i a l  (F igs .  3 and 7 ) .  The 

Cambrian t o  Devonian F r a n k l i n i a n  sequence,  c o n s i s t i n g  of m i l d l y  t o  s t r o n g l y  

metamorphosed sedimentary  and some v o l c a n i c  r o c k s ,  is i n f e r r e d  t o  c o n s t i t u t e  

economic basement f o r  t h e  B e a u f o r t  S h e l f .  Fol lowing mild metamorphism and 

r e g i o n a l  de format ion ,  an e x t e n s i v e  p la t fo rm was c u t  a c r o s s  t h e  F r a n k l i n i a n  

rocks  i n  L a t e  Devonian and E a r l y  M i s s i s s i p p i a n  time. T h i s ,  t h e  Arctic p l a t f o r m ,  

was a s u r f a c e  o f  low r e l i e f  t h a t  was remarkably s t a b l e  from E a r l y  M i s s i s s i p p i a n  

t o  E a r l y  Cretaceous  t i m e ,  an  i n t e r v a l  o f  more t h j a n  200 m i l l i o n  y e a r s .  During 

t h i s  time a l i t h o l o g i c a l l y  d i v e r s e  s u i t e  o f  c l a s t i c  and c a r b o n a t e  sedimentary  

r o c k s ,  t h e  E l l e s m e r i a n  sequence,  was d e p o s i t e d  on t h e  p la t fo rm.  T h i s  sequence 

c o n t a i n s  b o t h  marine  and nonmarine beds i n c l u d i n g  s t r a t i g r a p h i c a l l y  condensed 

o r g a n i c - r i c h  s h a l e ,  t e x t u r a l l y  mature  sands tone  and conglomerate ,  and some 

do lomi t i zed  l imes tone .  Clastic components were der ived  from a n o r t h e r l y  s o u r c e  
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t e r r a n e  t h a t  then  l a y  beneath  and n o r t h  o f  t h e  p r e s e n t  o u t e r  B e a u f o r t  S h e l f .  

North o f  I c y  Cape, i n  t h e  wes te rn  p a r t  o f  t h e  s t u d y  a r e a ,  t h e  A r c t i c  

p l a t f o r m  a p p e a r s  t o  be downfaulted and downwarped i n t o  a deep ,  n o r t h e r l y  t r e n d i n g  

t r o u g h  t h a t  c o n t a i n s  a s  much a s  8 km of sed imenta ry  r o c k s  i n t e r p r e t e d  t o  be long  

t o  t h e  E l l e s m e r i a n  sequence.  A f a u l t  boundary was observed between t h e  Hanna 

t rough  and t h e  Barrow a r c h  on one mul t i channe l  s e i s m i c  l i n e  n e a r  71°20' N. l a t .  

The s t r i k e  of t h i s  f a u l t ,  and t h e  e x t e n s i o n  o f  t h e  f a u l t  and t h e  Hanna t rough  

n o r t h  from a b o u t  71°40' N .  l a t ,  i s  based only  on q u a l i t a t i v e  i n t e r p r e t a t i o n  o f  

r e c o n n a i s s a n c e  g r a v i t y  d a t a ,  and on some sha l low p e n e t r a t i o n  s p a r k e r  se i smic -  

r e f l e c t i o n  p r o f i l e s .  I f  c o r r e c t l y  i n t e r p r e t e d ,  t h e  f a u l t  forms t h e  wes te rn  

boundary of t h e  Barrow a r c h  as expressed  on t h e  Arctic p l a t f o r m  ( t h e  t o p  of 

F r a n k l i n i a n  basement)  and t h e  e a s t  boundary o f  much o f  t h e  p r i sm of i n t e r p r e t e d  

E l l e s m e r i a n  s t r a t a  i n  t h e  Hanna t rough .  However, s t r u c t u r a l  c o n t o u r s  a t  t h e  base  

o f  i n t e r p r e t e d  Albian b e d s ,  a t  t h e  l o c a l  base  o f  t h e  main ly  Cre taceous  and 

T e r t i a r y  Brookian sequence ( s e e  F ig .  31, o v e r s t e p  t h e  f a u l t  w i t h o u t  o f f s e t  and 

show t h a t  t h e  Barrow a r c h  b o t h  p o s t d a t e s  t h e  f a u l t  and e x t e n d s  west  of  i t .  

I n  E a r l y  C r e t a c e o u s  time t h e  n o r t h e r n  p a r t  o f  t h e  A r c t i c  p l a t f o r m ,  t h e  

s o u r c e  t e r r a n e  f o r  t h e  E l l e s m e r i a n  s h e l f  sed iments ,  was s e p a r a t e d  from n o r t h e r n  

Alaska by t h e  r i f t i n g  e v e n t  which c r e a t e d  t h e  p r e s e n t  c o n t i n e n t a l  margin o f  

n o r t h e r n  Alaska.  Concur ren t ly ,  t h e  A r c t i c  P l a t f o r m  was t i l t e d  down t o  t h e  s o u t h  

and o v e r r i d d e n  by nappes from newly formed t e c t o n i c  h i g h l a n d s  i n  t h e  a r e a  o f  

t h e  p r e s e n t  Brooks Range. An asymmetric f o r e l a n d  b a s i n ,  t h e  C o l v i l l e  

f o r e d e e p ,  formed on t h e  southward t i l t e d  p l a t f o r m  and r e c e i v e d  l a r g e  volumes 

o f  sediment  from t h e  n a s c e n t  Brooks Range t o  t h e  s o u t h .  Because of  t h e i r  

provenance,  t h e s e  d e p o s i t s  have been named t h e  Brookian sequence by Lerand 

(1973) .  The s e c t i o n  i n  t h e  C o l v i l l e  f o r e d e e p  c o n s i s t s  of  Middle J u r a s s i c  t o  

Cre taceous  and,  on t h e  e a s t e r n  North S l o p e ,  o f  T e r t i a r y  c l a s t i c  sed imenta ry  

rocks .  I n  t h e  s o u t h e r n  p a r t  o f  t h e  a s s y m e t r i c  C o l v i l l e  g e o s y n c l i n e ,  where i t  

c o n s i s t s  mainly  o f  La te  J u r a s s i c  and E a r l y  Cre taceous  f l y s c h  and mid- and Late 

Cre taceous  molasse ,  t h e  s e c t i o n  is more t h a n  9 ,000  rn t h i c k .  The Brookian 

sequence t h i n s  northward t o  between 500 m and 2,000 m ,  and i ts b a s a l  beds a r e  

Alb ian ,  where i t  o n l a p s  t h e  Barrow Arch benea th  t h e  n o r t h e r n  North S l o p e ,  

n o r t h e r n  Chukchi S e a ,  and Beau f o r t  Shel f .  

Barrow s e c t o r  

The Barrow Arch,  a broad basement high which t r e n d s  p a r a l l e l  t o  t h e  

c o a s t ,  is the  dominant s t r u c t u r e  of t h e  Barrow S e c t o r  o f  t h e  B e a u f o r t  s h e l f .  

The s o u t h  f l a n k  o f  t h e  a r c h  is def ined  by t h e  s o u t h - s l o p i n g  A r c t i c  p l a t f o r m .  

The n o r t h  f lank  o f  t h e  a r c h ,  which mainly  u n d e r l i e s  t h e  B e a u f o r t  S h e l f ,  is 
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defined by the A r c t i c  platform where i t  d ips  nor th  as a  r e s u l t  of u p l i f t  and 

e ros ion  ad jacent  t o  t h e  Ea r ly  Cretaceous r ift ,  and rap id  subsidence caused by 

p o s t r i f t  c r u s t a l  cool ing  and sediment loading.  S y n r i f t  and e a r l y  p o s t r i f t  

f a u l t i n g ,  e ros ion  and t i l t i n g  on t h e  a rch  c r ea t ed  t he  r i c h  o i l -bea r ing  

s t r u c t u r e  a t  Prudhoe Bay, 

The pos i t i on  of  t he  t e c t o n i c  hinge l i n e  off  nor thern  Alaska is t h e  major 

determinant  o f  t h e  d i s t r i b u t i o n  o f  geologic  provinces  beneath t h e  c o n t i n e n t a l  

s h e l f  and s lope  i n  t h e  Barrow s e c t o r  of l e a s e  s a l e  87. The l o c a t i o n  of t he se  

provinces--the Arc t i c  p la t form,  Dinkum graben,  and Nuwuk basin-- is  shown i n  

F igure  16. Some of  t h e  geologic  f e a t u r e s  of  t h e  Barrow s e c t o r  a r e  encountered 

i n  t e s t  we l l s  on t h e  North Slope of  Alaska. Others ,  however, a r e  absent  from 

t h e  North S lope  and a r e  known only from se i smic - r e f l ec t i on  and sonobuoy 

r e f r a c t i o n  da t a .  

A r c t i c  platform: The A r c t i c  platform i n  t h e  s a l e  a r e a  extends o f f sho re  

from nor thern  Alaska wi th  t y p i c a l l y  g e n t l e  d i p s  t o  t h e  t e c t o n i c  hinge l i n e  

beneath t h e  s h e l f  (F igs .  4 ,  8-9, 11-13), where it is bent down t o  t h e  no r th  

and is i n  p laces  f a u l t e d .  The c r e s t  of  t h e  broad Barrow a rch  (F igs .  4 and 8 ) ,  

which formed during Ear ly  Cretaceous r i f t i n g ,  u n d e r l i e s  t h e  s a l e  a r e a  west of 

Po in t  Barrow and between Dease I n l e t  and t h e  C o l v i l l e  River delta. The 

nor thern  edge of t he  El lesmerian sequence of  s t a b l e  s h e l f  c l a s t i c  and 

carbonate  rocks,  which con ta in s  t h e  g i a n t  o i l  and gas d e p o s i t s  near  Prudhoe 

Bay and small  gas depos i t s  near  Barrow, a l s o  extends of fshore  from t h e  North 

Slope. A rough e s t i m a t e  of t h e  p o s i t i o n  of t h i s  edge o f f s h o r e ,  based mainly 

on p ro j ec t i on  of  onshore t r e n d s ,  is shown i n  F igures  4 and 16. Seaward of t h e  

wedge edge o f  t h e  El lesmerian beds,  t h e  Arc t i c  platform and t h e  F rank l in i an  

sequence (economic basement) i n t o  which the  platform was c u t  a r e  d i r e c t l y  

o v e r l a i n  by upper Lower Cretaceous t o  Tertiary rocks of t h e  Brookian 

sequence. The El lesmerian s t r a t a  range upward i n  t h i cknes s  from t h e  wedge 

edge t o  1,000 m o r  more near  t h e  shoreward boundary of  the s a l e  a r e a  (Alaska 

Geological  S o c i e t y ,  1977).  The over ly ing  Brookian rocks range i n  t h i cknes s  

from 0.3 laa o r  less i n  t h e  c r e s t a l  reg ion  of Barrow arch  northwest of  Po in t  

Barrow t o  a s  much as 6 km on t h e  o u t e r  c o n t i n e n t a l  s h e l f  e a s t  of Prudhoe Bay. 

S t r u c t u r a l l y ,  t h e  Arc t i c  p la t form province i n  t h e  sale a r e a  is dominated 

by t h e  broad Barrow arch  (F igs .  4  and 8 ) ,  and d i p s  a r e  gene ra l l y  low ( F i g s .  9- 

11 ) .  B e l t s  o f  normal f a u l t s ,  however, o f f s e t  t h e  platform and t h e  underlying 

F rank l in i an  basement a t  and near  t h e  t e c t o n i c  hinge l i n e  (F igs .  10, 1 1  and 

1 3 ) ,  a t  t h e  margins of Dinkum graben (F igs .  12 and 13) ,  and on t h e  nor th  s i d e  

of t he  f a u l t e d  a n t i c l i n e  t h a t  con ta in s  t he  Prudhoe Bay o i l  f i e l d  (Jamison and 
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o t h e r s ,  1980) .  The f a u l t s  n o r t h  o f  t h e  Prudhoe Bay f i e l d  extend beneath  t h e  

n e a r s h o r e  area of t h e  a d j a c e n t  Beaufor t  s h e l f ,  and probably  extend i n t o  t h e  

area of sale 87. The s e i s m i c  p r o f i l e s  ( F i g .  I ) ,  however, l i e  t o o  far  o f f s h o r e  

t o  demons t ra te  t h i s .  I n  a d d i t i o n  t o  t h e  normal f a u l t s  which c u t  basement and 

o f f s e t  t h e  A r c t i c  p l a t f o r m ,  an  e x t e n s i v e  sys tem of l a r g e  suprabasement growth 

f a u l t s  o f f s e t s  t h e  Brookian (Cre taceous  and T e r t i a r y )  sedimentary  rocks  o v e r  

and seaward o f  t h e  h inge  l i n e .  Some of t h e s e  f a u l t s  extend updip i n t o  t h e  

Brookian pr ism o v e r  t h e  o u t e r  (seaward)  p a r t  o f  t h e  A r c t i c  p l a t f o r m  prov ince  

( F i g s .  4, 11-13, and 1 6 ) .  

The normal f a u l t s  a s s o c i a t e d  wi th  t h e  t e c t o n i c  h inge  l i n e  ( F i g s .  10-11 

and 13)  d i s p l a c e  basement,  t h e  A r c t i c  p l a t f o r m ,  and t h e  lowes t  p a r t  o f  t h e  

o v e r l y i n g  Cre taceous  s e c t i o n ,  b u t  t h e y  do n o t  extend very f a r  upwards i n t o  t h e  

o v e r l y i n g  Albian beds .  A l a r g e  normal f a u l t  w i t h  many s p l a y s  t h a t  b e g i n s  

abou t  10 km n o r t h e a s t  o f  P o i n t  Barrow and t r e n d s  e a s t - s o u t h e a s t  a l o n g  t h e  

c o a s t  t o  w i t h i n  35 Icm of  H a r r i s o n  Bay ( M i l l e r  and o t h e r s ,  1979) may a l s o  be 

r e l a t e d  t o  t h e  h inge  l i n e .  T h i s  f a u l t ,  as do t h e  o t h e r  h inge  l i n e  f a u l t s ,  

a l s o  a p p e a r s  t o  c u t  basement and t h e  lower  par t  o f  t h e  Cretaceous  s e c t i o n ,  bu t  

n o t  beds as high as t h e  upper p a r t  o f  t h e  Nanushuk Group a t  t h e  t o p  o f  t h e  

Lower Cretaceous .  

Jamison and o t h e r s  (1980)  i n d i c a t e  t h a t  t h e  sys tem o f  basement-cut t ing,  

nor thwest  and w e s t - s t r i k i n g  down-to-the-north normal f a u l t s  on t h e  n o r t h  s i d e  

o f  t h e  Prudhoe Bay f a u l t s  a r e  c u t  by t h e  pre-Pebble s h a l e  (mid-Neocomian) 

unconformity .  Small normal f a u l t s ,  w i t h  s i m i l a r  s t r a t i g r a p h i c  r e l a t i o n s ,  a l s o  

occur  nearby on t h e  s o u t h  s i d e  o f  t h e  Dinkum graben (F ig .  12) .  The 

s i m i l a r i t i e s  between t h e  Prudhoe Bay f a u l t s  and t h e s e  Dinkum graben f a u l t s  

s u g g e s t  t h a t  they  may belong t o  t h e  same s t r u c t u r a l  s e t ,  and t h a t  a number of 

similar f a u l t s  may u n d e r l i e  t h e  r e g i o n  between t h e  n o r t h  s i d e  o f  t h e  Prudhoe 

Bay s t r u c t u r e  and t h e  graben.  

Dinkum ~ r a b e n :  The e a s t e r n  p a r t  o f  t h e  A r c t i c  p l a t f o r m  prov ince  is 

d i s r u p t e d  by t h e  deep,  s t r o n g l y  assymetric e a s t - s o u t h e a s t - t r e n d i n g  Dinkum 

g r a b e n ,  o r  h a l f  graben (Figs. 4 ,  12 and 13) .  F r a n k l i n i a n  basement beneath  t h e  

d e e p e s t  p a r t s  o f  t h e  g raben  is more t h a n  6 s (10.5  km) below sea l e v e l .  The 

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

well developed r e f l e c t o r s  p o s t u l a t e d  t o  be J u r a s s i c  o r  o l d e r  E l l e s m e r i a n  

s a n d s t o n e  and /or  ca rbona te  ( u n i t  J p J e  i n  F i g s .  12 and 1 3 ) .  They a r e  o v e r l a i n  

by a t h i c k  s e c t i o n  o f  weaker r e f l e c t o r s  t h a t  may be t h e  J u r a s s i c  and e a r l y  

Neocomian ( E a r l y  Cre taceous)  Kingak Shale ( u n i t  KJk, f i g s .  12 and 13) .  These 

units are t i l t e d  t o  t h e  north and down-dropped a g a i n s t  a l a r g e  f a u l t ,  
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a p p a r e n t l y  pre-Pebble s h a l e  i n  a g e ,  t h a t  is t h e  main graben-forming 

s t r u c t u r e .  E a r l y  post -Pebble  s h a l e  u n i t  d i sp lacement  has  augmented t h e  

s t r u c t u r a l  r e l i e f  on t h e  n o r t h  s i d e  o f  t h e  graben ( F i g .  12). T h i s  f a u l t  

movement, i n  combinat ion w i t h  r e s i d u a l  s t r u c t u r a l  r e l i e f  and pe rhaps  renewed 

d i sp lacement  on t h e  o l d e r  (pre-Pebble  s h a l e )  f a u l t ,  produced a l a t e - s t a g e  

b a s i n  i n  t h e  g raben .  A t h i c k  post -Pebble  s h a l e  Cre taceous  and Paleogene f i l l  

was d e p o s i t e d  i n  t h i s  b a s i n .  A s h a l l o w  s y n c l i n e  i n  t h i s  f i l l  n e a r  t h e  nor th -  

g raben  f a u l t  sys tem s u g g e s t s  renewed d i sp lacement  of t h e  f a u l t  sys tem,  and 

pe rhaps  some d i f f e r e n t i a l  compact ion,  i n  Paleogene t ime .  The g raben  a p p e a r s  

t o  d i e  o u t ,  and i ts sed imenta ry  f i l l  t o  t h i n ,  where it s t r i k e s  southwest  o u t  

of o u r  a r e a  o f  s e i s m i c  coverage.  The e a s t  end is s t r u c t u r a l l y  well-developed 

where we l o s e  i t ,  n e a r  Camden Bay, benea th  t h e  t h i c k  sed imenta ry  s e c t i o n  o f  

t h e  Kaktovik b a s i n .  

Nuwuk b a s i n :  From t h e  Prudhoe Bay a r e a  west, t h e  o u t e r  c o n t i n e n t a l  s h e l f  

and s l o p e  is u n d e r l a i n  by a  deep sed imenta ry  b a s i n  t h a t  c o n t a i n s  more t h a n  12 

km o f  post-mid-Neocomian Cre taceous  and T e r t i a r y  (Brookian)  e l a s t i c  

sed iment .  The sediment  was prograded a c r o s s  t h e  s u b s i d e d  A r c t i c  p l a t f o r m  and 

u n d e r l y i n g  basement seaward o f  t h e  t e c t o n i c  h inge  l i n e  ( F i g s .  4 ,  8 ,  10 and 

I I ) ,  and it c o n s t i t u t e s  a p r o g r a d a t i o n a l  c o n t i n e n t a l  t e r r a c e  sed imenta ry  p r i sm 

r a t h e r  than a t r u e  sed imenta ry  b a s i n .  It is p r o b a b l e  t h a t  somewhere n e a r  t h e  

s h e l f  b r e a k ,  t h e  f i l l  s t e p s  from t h e  c o n t i n e n t a l  basement o f  t h e  A r c t i c  

p l a t f o r m  on to  t r a n s i t i o n a l  o r  o c e a n i c  c r u s t  o f  t h e  A r c t i c  b a s i n .  

The Nuwuk b a s i n  f i l l  c o n t a i n s  b o t h  f o r e s e t  and t o p s e t  b e d s ,  and numerous 

l a r g e  e r o s i o n a l  c h a n n e l s  and channe l  f i l l s .  S t r u c t u r a l l y  it is dominated by 

l a r g e  m u l t i - s t r a n d  growth f a u l t  sys tems  t h a t  p r e l i m i n a r y  s t u d i e s  s u g g e s t  were 

a c t i v e  s i n c e  Late Cre taceous  o r  e a r l y  T e r t i a r y  t ime .  The youngest  f a u l t s  o f  

t h i s  sys tem d i s p l a c e  Holocene sed iment ,  and i n  p l a c e s  t h e  seabed .  The f a u l t s  

a p p e a r  t o  be r e s t r i c t e d  t o  t h e  Brookian sequence and c u r v e  i n t o ,  b u t  do n o t  

d i s p l a c e ,  t h e  upper s u r f a c e  o f  pre-Brookian bedrock.  The growth f a u l t s  bound 

two r o o t l e s s  a n t i c l i n e s  ( r o t a t i o n a l  megaslumpsf o f  r e g i o n a l  e x t e n t  t h a t  were 

produced by movement on t h e  growth f a u l t s .  The widely  spaced p r o f i l e s  ( F i g .  

1)  s u g g e s t  t h a t  t h e  r o o t l e s s  a n t i c l i n e s  a r e  c o n t i n u o u s  o r  semicon t inuous  

f e a t u r e s  tha t  are as much as 200 km l o n g ,  and t h a t  t h e y  have v a r i a b l e  

s t r u c t u r a l  r e l i e f  t h a t  commonly exceeds  1/2  km. 

B a r t e r  I s l a n d  s e c t o r  

The deep Kaktovik b a s i n  (F igs .  4  and 16) ,  which c o n t a i n s  l a r g e  detachment 

f o l d s  and d i a p i r i c  s h a l e  r i d g e s ,  c h a r a c t e r i z e s  t h e  B a r t e r  I s l a n d  s e c t o r .  It 
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may be t e c t o n i c a l l y  s i g n i f i c a n t  t h a t  t h e  f i e l d  o f  d i a p i r i c  a n t i c l i n e s  o f  t h e  

c o n t i n e n t a l  s l o p e  and rise o f  t h e  e a s t e r n  Alaskan B e a u f o r t  Sea  ( F i g s .  4 ,  6 ,  

16)  is l i m i t e d  t o  t h i s  s e c t o r .  

Kaktovik b a s i n :  Between Prudhoe Bay and t h e  Canning River  ( F i g .  4 )  t h e  

t e c t o n i c  h i n g e  l i n e  swings s o u t h e a s t  from a p o s i t i o n  n e a r  t h e  s h e l f  break 

toward t h e  c o a s t  of e a s t e r n  Camden Bay. From about  t h e  same p l a c e ,  t h e  

s t r u c t u r a l  s h e l f  break swings n o r t h e a s t  and t h e  c o n t i n e n t a l  t e r r a c e  f o r  some 

d i s t a n c e  t o  t h e  east remains somewhat wider than  it is t o  t h e  west. The 

widened c o n t i n e n t a l  terrace sed imenta ry  prism east  o f  t h e  h inge  l i n e  is t h e  

Kaktovik b a s i n  ( F i g s .  14-16). It is l i k e l y  t h a t  much of t h e  prism r e s t s  on 

t r a n s i t i o n a l  and o c e a n i c  c r u s t .  The thick pre-Pebble s h a l e  u n i t  sed imenta ry  

pr ism o f  t h e  Dinkum graben t r e n d s  benea th  t h e  b a s i n  f i l l  and has  n o t  a s  y e t  

been d i s t i n g u i s h e d  from i t  on o u r  s e i s m i c  r e c o r d s .  The Pebble  s h a l e  and 

younger (Brookian)  graben f i l l  and t h e  Brookian sed imenta ry  prism of t h e  

A r c t i c  p l a t f o r m  prov ince  are s t r a t i g r a p h i c a l l y  con t inuous  w i t h  t h e  sed imenta ry  

fill i n  t h e  Kaktovik b a s i n .  The t o t a l  t h i c k n e s s  o f  suprabasement sed imenta ry  

rocks  benea th  t h e  Kaktovik basin exceeds  12.5 km, and l o c a l  s u b b a s i n s  (RSB and 

DSR i n  F i g .  4 )  are f i l l e d  w i t h  T e r t i a r y  s t r a t a  as much as 7.2 km t h i c k .  The 

s e i s m i c  p r o f i l e s  r e c o r d  F r a n k l i n i a n  basement i n  on ly  a small p a r t  o f  the 

Kaktovik b a s i n  and t h e r e f o r e  t h e  hor izon  t h a t  is contoured i n  t h e  a r e a  of t h e  

b a s i n  i n  F i g u r e  4 is mid-Paleogene (midd le  Eocene?) f o r  reasons  d i s c u s s e d  by 

Grantz  and May ( i n  press). Onshore o u t c r o p s  i n  Alaska and s u b s u r f a c e  d a t a  on 

t h e  Canadian B e a u f o r t  s h e l f  (Hea and o t h e r s ,  1980) s u g g e s t  t h a t  i f  J u r a s s i c  t o  

mid-Upper Cre taceous  beds u n d e r l i e  t h e  Kaktovik b a s i n ,  t h e y  w i l l  be marine 

sed imenta ry  r o c k s ,  Uppermost Cre taceous  beds and Paleocene beds are l i k e l y  t o  

be nonmarine n e a r s h o r e ,  and p a r a l i c  and probably  marine  o f f s h o r e .  Higher 

T e r t i a r y  beds are probably  both  marine  and nonmarine. 

C o n t r a s t i n g  s t r u c t u r a l  s t y l e s  d i s t i n g u i s h  t h e  e a s t e r n  and wes te rn  p a r t s  

o f  t h e  Kaktovik b a s i n .  West of t h e  g e n e r a l  v i c i n i t y  o f  B a r t e r  I s l a n d  t h e  

b a s i n  appears  t o  deepen uniformly northward and eas tward ,  b u t  t h e  upper p a r t  

of t h e  s e c t i o n  is broken by t h e  l a r g e  n o r t h e a s t - s t r i k i n g  Camden detachment 

a n t i c l i n e  (CA on fig. 4) and a few small p a r a l l e l  f o l d s .  The Camden a n t i c l i n e  

a p p e a r s  ( F i g  1 4 )  t o  be detached a t  a b o u t  4 s s u b s e a ,  probably  n e a r  t h e  base  of 

t h e  T e r t i a r y .  The involvement o f  beds  as young a s  Holocene i n  t h e  f o l d  and 

t h e  d i s t r i b u t i o n  o f  sha l low e a r t h q u a k e s  i n  t h e  Carnden Bay area (F ig .  24) 

s u g g e s t s  t h a t  the f o l d s  are a c t i v e  (Gran tz  and o t h e r s ,  1982).  I n  p l a c e s  a 

number o f  l a r g e ,  northward d i p p i n g  growth f a u l t s ,  a t  least i n  p a r t  r e l a t e d  t o  
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t h e  h inge  l i n e ,  o f f s e t  t h e  b a s i n  sediments  and,  i n  places, t h e  Camden 

a n t i c l i n e  ( F i g .  1 4 ) .  A l a r g e  f o l d ,  i n f e r r e d  t o  be a r o o t l e s s  r o t a t i o n a l - s l u m p  

a n t i c l i n e  r e l a t e d  t o  growth f a u l t i n g  i n  t h e  Brookian s trata n o r t h  o f  t h e  "hinge 

l i n e ,  o c c u r s  benea th  t h e  wes te rn  p a r t  o f  t h e  Kaktovik b a s i n  seaward o f  t h e  

detachment f o l d s  (F ig .  4 ) .  The f o l d  is broad,  a p p a r e n t l y  deep,  and is 

obscured on t h e  e a s t  by a t h i c k  s e c t i o n  o f  undeformed Neogene(?) beds i n  t h e  

upper p a r t  o f  t h e  Kaktovik b a s i n  f i l l .  

E a s t  of t h e  v i c i n i t y  o f  B a r t e r  I s l a n d  t h e  s t r u c t u r e  o f  Kaktovik b a s i n  is 

dominated by l a r g e  d i a p i r i c  s h a l e  r i d g e s ,  o r  a n t i c l i n e s  ( F i g s .  4 and I S ) ,  and 

T e r t i a r y  sed imenta ry  s u b b a s i n s  (BSB and DSB on F ig .  4 )  t h a t  formed 

contemporaneously w i t h  t h e  d i a p i r s .  M u l t i p l e  unconformi t i es  observed over  one 

of  t h e  d i a p i r i c  s t r u c t u r e s  (F ig .  15) record  a t  least t h r e e  e p i s o d e s  o f  

d i a p i r i c  movement. A t  t h e  o l d e s t  of t h e s e  unconformi t i es  t h e  c o r e  sed iments  

o f  t h e  f o l d  were r a i s e d  above wave b a s e ,  and perhaps  above sea l e v e l .  I n  

p l a c e s ,  d e l t a - l i k e  t o p s e t - f o r e s e t - b o t t o m s e t  sed imenta ry  p a c k e t s  were b u i l t  o u t  

from s t r u c t u r a l l y  h igh  a r e a s  i n  t h e  subunconformity s e c t i o n .  Regional  

g e o l o g i c  r e l a t i o n s  (Grantz  and May, i n  p r e s s )  s u g g e s t  t h a t  t h e  c o r e s  o f  t h e  

d i a p i r i c  s t r u c t u r e s  c o n t a i n  J u r a s s i c ,  Cre taceous  and e a r l y  Paleogene c l a s t i c  

sedimentary  rocks, and t h a t  t h e  o v e r l y i n g ,  less s t r o n g l y  deformed beds may be 

mid-Eocene and younger. 

D i a p i r i c  f o l d  province:  Numerous d i a p i r i c  f o l d s  u n d e r l i e  t h e  c o n t i n e n t a l  

s l o p e  and a d j a c e n t  rise i n  t h e  B a r t e r  I s l a n d  s e c t o r  e a s t  o f  146'~.  long  ( F i g s .  

4 and 1 5 ) .  These s t r u c t u r e s  are much s m a l l e r  and have more r e g u l a r  c r o s s -  

s e c t i o n a l  geomet r ies  t h a n  do t h e  l a r g e  d i a p i r i c  a n t i c l i n e s  of t h e  e a s t e r n  

Kaktovik b a s i n .  They are symmetr ical  d i a p i r i c  f o l d s  o r  domes, r a t h e r  than  

piercement  s t r u c t u r e s  or  i r r e g u l a r  s h a l e  r i d g e s .  Although t h e  r e f l e c t i o n  

p r o f i l e s  a r e  t o o  widely  spaced t o  a l low u s  t o  map t h e s e  s t r u c t u r e s ,  t h e y  

s u g g e s t  t h a t  t h e  s t r u c t u r e s  a r e  s u b c i r c u l a r  o r  modera te ly  e l o n g a t e  and t h a t  

i n d i v i d u a l  f o l d s  a r e  no t  o f  r e g i o n a l  e x t e n t .  

The d i a p i r i c  f o l d s  a r e  t y p i c a l l y  2 t o  10 km wide on s e i s m i c  c r o s s i n g s ,  

and t h e  l a r g e s t  f o l d s  have a t  l e a s t  1.5 s (1 .25 km) of s t r u c t u r a l  r e l i e f  i n  

two-way r e f l e c t i o n  t ime .  The most n o r t h e r l y  s t r u c t u r e s  (100 km n o r t h  of t h e  

s h e l f  b reak)  d i e  o u t  upward, and a r e  o v e r l a i n  by u n d i s t u r b e d  beds ,  abou t  2 s 

( 2  km) below t h e  seabed ,  The t o p s  of t h e  f o l d s  ex tend  p r o g r e s s i v e l y  h i g h e r  i n  

t h e  s e c t i o n  landward,  and beginning abou t  50 o r  60 km from t h e  s h e l f  break 

they buckle t he  seabed and act as dams f o r  elast ic  sediment and l a n d s l i d e  

d e b r i s  moving down t h e  c o n t i n e n t a l  slope. 
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The d i a p i r i c  a n t i c l i n e s  appear  t o  c o n s t i t u t e  a westward e x t e n s i o n  o f  t h e  

s h a l e - d i a p i r  p r o v i n c e  o f  t h e  wes te rn  Canadian B e a u f o r t  s h e l f .  Seismic-  

r e f l e c t i o n  i n t e r v a l  v e l o c i t i e s  o f  a b o u t  1.8 to  3.5 km/s i n  t h e  i n t r u d e d  beds 

( E i t t r e i m  and G r a n t z ,  1979),  and l a t e r a l  t r a c i n g  o f  r e f l e c t o r s ,  s u g g e s t  t h a t  

t h e s e  d i a p i r i c  s t r u c t u r e s  p e n e t r a t e  T e r t i a r y  and Q u a t e r n a r y  beds .  L a t e r a l  

t r a c i n g  o f  r e f l e c t o r s  a l s o  i n d i c a t e s  t h a t  t h o s e  which a r e  c l o s e s t  t o  t h e  

s h e l f ,  and which a r e  s t r o n g l y  developed i n  t h e  sha l low p a r t  o f  t h e  s e c t i o n  and 

d i s r u p t  t h e  seabed ,  o r i g i n a t e d  i n  lower  T e r t i a r y  and p o s s i b l y  deeper  beds .  

The broad f o l d s  f a r t h e s t  from t h e  s h e l f ,  which d i e  o u t  upward a t  abou t  2 s 

two-way r e f l e c t i o n  t ime  subbot tom,  and a r e  no more t h a n  broad warps a t  3.5 s 

subbot tom,  are no t  obv ious ly  d i a p i r i c .  We a s s i g n  t h e s e  s t r u c t u r e s  t o  t h e  

d i a p i r i c  p r o v i n c e  because  t h e y  a r e  con t iguous  w i t h  t h e  s t r o n g  f o l d s  and weaken 

p r o g r e s s i v e l y  away from them. If they  a r e  d i a p i r i c ,  t h e s e  f o l d s  must have 

o r i g i n a t e d  a t  a  c o n s i d e r a b l e  dep th  below o u r  d e e p e s t  r e c o r d s ,  p o s s i b l y  i n  

e a r l y  p o s t r i f t  Lower Cre taceous  sed imenta ry  d e p o s i t s  o f  t h e  Canada Bas in  o r  i n  

p rebreakup  J u r a s s i c  r i f t - v a l l e y  sed imenta ry  d e p o s i t s .  

Canada b a s i n  

Water d e p t h s  exceed ing  3,500 m ,  d i s p e r s i o n  p a t t e r n s  of  Lg-phase s e i s m i c  

waves ( O l i v e r  and o t h e r s ,  19551, and s e i s m i c  r e f r a c t i o n  measurements (Mair and 

Lyons,  1981; Gran tz  and o t h e r s ,  1981) i n d i c a t e  t h a t  t h e  Canada b a s i n  is 

u n d e r l a i n  by o c e a n i c  c r u s t  and was t h e r e f o r e  formed by s e a f l o o r  s p r e a d i n g .  

The i n f e r r e d  t h i c k n e s s  o f  sediment  i n  t h e  s o u t h e r n  p a r t  o f  t h e  b a s i n  is shown 

i n  F i g u r e  6 and t h e  t h r e e  major phys iograph ic  p r o v i n c e s  i n t o  which it can be 

subd iv ided  a r e  shown i n  F i g u r e  16 .  All t h r e e  provinces-- the  Alaska 

c o n t i n e n t a l  rise, t h e  Mackenzie cone ,  and t h e  Abyssal  p la in - -a re  t h e  r e s u l t  of 

r a p i d  s e d i m e n t a t i o n  from t h e  c o n t i n e n t a l  Landmasses t h a t  su r round  t h e  b a s i n .  

T h e i r  r e l a t i v e  a r e a l  e x t e n t ,  and t h e  r e l a t i v e  t h i c k n e s s e s  of t h e  sed imenta ry  

p r i sms  which u n d e r l i e  them, a r e  t h e  r e s u l t  o f  t h e  p o s i t i o n s  o f  t h e  major 

rivers and g l a c i e r s  which e n t e r e d  t h e  Canada b a s i n  s i n c e  i t  was formed i n  

Cre taceous  t i m e ,  

Alaska c o n t i n e n t a l  r i s e :  The Alaska c o n t i n e n t a l  r i s e ,  a t  w a t e r  d e p t h s  o f  

a b o u t  2 ,000 m t o  3,800 m ,  is u n d e r l a i n  by e l a s t i c  sed imenta ry  r o c k s  o f  t h e  

Brookian sequence d e r i v e d  from s o u r c e s  t o  t h e  s o u t h ,  i n  c o n t i n e n t a l  Alaska and 

p robab ly  E u r a s i a .  The s trata are i n f e r r e d  t o  c o n s i s t  dominant ly  of f o r e s e t  

and bot tomset  l u t i t e s ,  b u t  t h e r e  a r e  probably  some t u r b i d i t e  s a n d s t o n e s  and 

submarine  slump d e p o s i t s .  As d e p o s i t e d ,  t h e s e  sed iments  were i n  s t r a t i g r a p h i c  

c o n t i n u i t y  with t h e  beds of t h e  p r o g r a d a t i o n a l  c o n t i n e n t a l  t e r r a c e  sed imenta ry  
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prisms h e r e i n  c a l l e d  t h e  Nuwuk and Kaktovik b a s i n s .  A few of  t h e  s e i s m i c  

p r o f i l e s  shown i n  F i g u r e  1 extend o v e r  t h e  r i se  and show it  t o  be u n d e r l a i n  by 

well-bedded, uniformly basinward-dipping s t ra ta .  These strata are i n t e r n a l l y  

deformed benea th  t h e i r  ups lope  margin by submarine slumps and t h e  d i s t a l  ends  

of l i s t r ic  growth f a u l t s  t h a t  o r i g i n a t e  on the  c o n t i n e n t a l  s l o p e  and o u t e r  

s h e l f  seaward o f  t h e  t e c t o n i c  h inge  l i n e .  The age  o f  t h e  sed imenta ry  prism is  

i n f e r r e d  t o  range from late Neocomian (mid-Early Cre taceous)  t o  Q u a t e r n a r y .  

The d i s t r i b u t i o n  o f  Brookian rocks  and f a c i e s  i n  n o r t h e r n  Alaska suggests t h a t  

t h e  sedimentary  pr ism may c o n s i s t  mainly o f  Albian s trata n e a r  P o i n t  Barrow 

and mainly  T e r t i a r y  s trata i n  t h e  B a r t e r  I s l a n d  s e c t o r .  It is p o s s i b l e  t h a t  

J u r a s s i c  and e a r l y  E a r l y  Cre taceous  beds o f  t h e  r i f t  v a l l e y  s t a g e  of r i f t i n g  

on t h e  Alaskan c o n t i n e n t a l  margin (Grantz  and May, i n  p r e s s )  may i n  p l a c e s  

u n d e r l i e  t h e  Neocomian beds .  The t h i c k n e s s  o f  t h e  sedimentary  pr ism benea th  

t h e  Alaska c o n t i n e n t a l  r i se  is e s t i m a t e d  t o  range from 6 km t o  more t h a n  10 krn 

(F ig .  6 ) .  

Mackenzie cone: The Mackenzie cone is t h e  p o r t i o n  o f  t h e  Canada 

c o n t i n e n t a l  rise l y i n g  o f f  t h e  mouth of  t h e  Mackenzie River .  Water d e p t h s  on 

t h e  cone i n  t h e  sale area (F ig .  16) range  from about  1 ,800 m t o  3 ,700 m. The 

cone,  which occup ies  abou t  t h r e e - f i f t h s  o f  t h e  s o u t h e r n  Canada b a s i n  n o r t h  o f  

t h e  Alaska c o n t i n e n t a l  rise, owes i ts  areal e x t e n t  and t h e  t h i c k n e s s  of i ts  

under ly ing  sed imenta ry  p r i sm (F ig .  6 )  t o  i ts  prox imi ty  t o  t h e  d e l t a  o f  t h e  

l a r g e  Mackenzie River  sys tem and t o  t h e  h e a v i l y  g l a c i a t e d  A r c t i c  I s l a n d s  and 

Canadian s h i e l d .  These s o u r c e s  s u p p l i e d  voluminous sediment t o  t h e  cone and,  

a t  l e a s t  i n  T e r t i a r y  time, t h e  cone grew much more r a p i d l y  t h a n  t h e  Alaska 

c o n t i n e n t a l  r i s e  sed imenta ry  p r i sm,  which i t  overwhelmed. The o l d e s t  

sed iments  i n  t h e  cone are i n f e r r e d  t o  be upper Lower Cre taceous ,  and t h e  

youngest  Q u a t e r n a r y .  Se i smic  r e f l e c t i o n  p r o f i l e s  show t h e  sed iments  t o  

c o n s i s t ,  beyond t h e  L i m i t s  of t h e  f i e l d  o f  d i a p i r i c  f o l d s ,  o f  f l a t ,  basinward- 

d i p p i n g  s t r a t a  t h a t  produce some w e l l - d e f i n e d ,  bu t  mainly weak, s e i s m i c  

r e f l e c t i o n s .  The sequence is i n t e r p r e t e d  t o  c o n s i s t  dominantly of l u t i t e  w i t h  

some t u r b i d i t e  b e d s ,  and t o  range i n  t h i c k n e s s  from less t h a n  6 km t o  more 

than 10 km (Fig. 6 ) .  

Abyssal  p l a i n :  The Abyssal p l a i n  of t h e  Canada B a s i n  ( F i g .  16) occup ies  

about t w o - f i f t h s  o f  t h e  s o u t h e r n  Canada b a s i n  n o r t h  o f  t h e  Alaska c o n t i n e n t a l  

rise. Water d e p t h s  over  t h e  p l a i n  range from about  3,700 t o  about  4,000 m .  

We have no s e i s m i c  r e f l e c t i o n  d a t a  o v e r  t h e  Abyssal  p l a i n  i n  t h e  s a l e  area,  

and can on ly  speculate on t h e  c h a r a c t e r  of t h e  u n d e r l y i n g  sedimentary  pr ism.  
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Presumably,  i t  is mainly a basinward e x t e n s i o n  o f  t h e  Mackenzie cone sequence 

and c o n s i s t s  o f  l u t i t e s  w i t h  some fine g r a i n e d  t u r b i d i t e s .  I n  a d d i t i o n ,  t h e r e  

may have been a c o n t r i b u t i o n  from t h e  smaller Alaska c o n t i n e n t a l  r i s e .  " 

E x t r a p o l a t i o n  of seismic r e f r a c t i o n  d a t a  i n d i c a t e s  t h a t  t h e  sed imenta ry  

s e c t i o n  benea th  t h e  p o r t i o n  of t h e  Abyssal  p l a i n  t h a t  u n d e r l i e s  s a l e  87 is a 

l i t t l e  l e s s  t h a n  6 km t h i c k .  



Petroleum p o t e n t i a l  

It  is probable  t h a t  commercial d e p o s i t s  o f  o i l  and gas  w i l l  be found i n  

t h e  area of lease s a l e  87. Large economic and p o t e n t i a l l y  economic o i l  and 

gas  pools  of s e v e r a l  ages have been developed o r  discovered along t h e  Beaufort  

Sea coas t  i n  t h e  Prudhoe Bay a r e a  (Jamison and o t h e r s ,  1980),  and between t h e  

Sagavanirktok and Canning Rivers  (F ig .  1 ) .  Some o f  t h e s e  a r e  known, and 

o t h e r s  can be surmised, t o  extend of fshore .  It is remarkable t h a t  every major 

s t r a t i g r a p h i c  u n i t  of formation o r  group rank beneath t h e  Arc t i c  c o a s t a l  p l a i n  

o f  nor thern  Alaska has  been found t o  con ta in  commercial o r  p o t e n t i a l l y  

commercial pools ,  o r  s t r o n g  shows, of o i l  and gas  ( F i g .  17 ) .  A l l  of t h e s e  

major s t r a t i g r a p h i c  u n i t s  can be i n t e r p r e t e d  t o  extend of fshore  beneath t h e  

Beaufort  s h e l f .  

The foregoing f a c t s  i n d i c a t e  t h a t  o i l  and gas  have been generated beneath 

t h e  Beaufort  s h e l f .  The chances f o r  p o t e n t i a l l y  commercial d i s cove r i e s  a r e  

considered good because, i n  add i t i on  t o  favorab le  sedimentary rocks ,  t h e  area 

con ta in s  many s t r u c t u r e s  and s t r a t i g r a p h i c  con f igu ra t i ons  t h a t  have been found 

t o  t r a p  economic petroleum depos i t s  i n  o the r  reg ions .  The c h i e f  concern 

appears  t o  be whether s u f f i c i e n t l y  l a r g e  d e p o s i t s  can be found t o  suppor t  t h e  

a n t i c i p a t e d  s u b s t a n t i a l  c o s t  of o f f sho re  exp lo ra t i on  and develpment i n  t h e  

Beaufort  and Chukchi Seas  and ad j acen t  Arctic Ocean, and t o  support  the 

development of  new technologies  t o  make t he se  opera t ions  pos s ib l e .  

A s  noted i n  t h e  In t roduc t ion ,  i n d u s t r y  b e l i e v e s  (Nat iona l  Petroleum 

Council ,  1981) t h a t  petroleum exp lo ra t i on  and development can now be 

contemplated with confidence ou t  t o  water  depths of about  200 feet  ( 6 0  m) i n  

t h e  a r ea  o f  l e a s e  sale 87. Presumably, t he  i n d u s t r y  w i l l  exp lore  t h i s  l a r g e  

a r e a  before  it cons iders  t h e  somewhat deeper waters  of t h e  s h e l f  beyond t h e  

200-foot i soba th  and t h e  much deeper waters  of  t h e  c o n t i n e n t a l  s l ope  and 

Canada Basin (F ig .  16) .  Experience gained d u r i n g  development of  t h e  a r e a  

w i t h i n  t h e  200-foot i soba th ,  and any exp lo ra t i on  and development s t r u c t u r e s  

b u i l t  i n  t h a t  area, w i l l  g r e a t l y  f a c i l i t a t e  f u t u r e  ope ra t i ons  i n  deeper 

waters .  Accordingly, we a n t i c i p a t e  t h a t  l e a s i n g  a c t i v i t y  i n  s a l e  87 w i l l  be 

concent ra ted  wi th in  t h e  200-foot (60 m) i soba th ,  and our d i s cus s ion  of t h e  

petroleum p o t e n t i a l  w i l l  concent ra te  on t h i s  a r e a .  Fu ture  s a l e s ,  however, may 

f ind  i n t e r e s t  i n  a r e a s  o f  deeper water.  



T a b l e  1 

Pe t ro leum p r o v i n c e s  of proposed 

o i l  and a a s  l e a s e  s a l e  87 

(see F i g u r e  16 for  l o c a t i o n  of  p r o v i n c e s )  

1 .  Arctic p l a t f o r m  

2 .  Dinkum graben west of Kaktovik b a s i n  

3. Nuwuk b a s i n  

4 .  Kaktovik b a s i n  

A .  West Kaktovik basin ( a r e a  west o f  d i a p i r i c  s h a l e  r i d g e s )  

B. East of Kaktovik  b a s i n  (area o f  d i a p i r i c  s h a l e  r i d g e s  and r e l a t e d  

T e r t i a r y  s u b b a s i n s )  

5. D i a p i r i c  f o l d  p rov ince  (minimum e x t e n t  shown i n  F i g u r e  1 6 )  

6 .  Canada b a s i n  

A .  Alaska  c o n t i n e n t a l  r ise seaward o f  2400 rn i s o b a t h  

B. Mackenzie cone o f  Canada c o n t i n e n t a l  r i se  e x c l u s i v e  o f  d i a p i r i c  

f o l d  p r o v i n c e  

C .  Abyssal  p l a i n  



Thermal matur i ty  o f  p o s t - r i f t  sediments 

To determine t h e  p o t e n t i a l  of a sedimentary package t o  have generated 

petroleum hydrocarbons, two f a c t o r s  must be considered;  f i r s t , w a s  t h e r e  ' 

organic  m a t e r i a l  o f  s u i t a b l e  type wi th in  t h e  sediments t o  be converted t o  

petroleum hydrocarbons, and second has  t h e  thermal h i s t o r y  of t h e  sediments 

been conducive t o  t h e  chemical t ransformat ion  of  o rganic  m a t e r i a l  i n t o  

petroleum hydrocarbons. The widespread occurrence of o i l  and gas  pools and 

shows i n  t h e  Cretaceous and T e r t i a r y  sedimentary rocks of  c o a s t a l  nor thern  

Alaska (F ig .  17) sugges t s  t h a t  adequate amounts o f  s u i t a b l e  organic  mat te r  

were probably a l s o  p re sen t  i n  t h e s e  rocks beneath t h e  Beaufort  and no r theas t  

Chukchi Seas .  I n  t h i s  s e c t i o n  the  second of t h e s e  f a c t o r s ,  t he  temperature  

h i s t o r y  o r  thermal ma tu r i t y  of t h e s e  sedimentary rocks ,  will be considered.  A 

method t o  determine t h e  thermal h i s t o r y  i n  t h e  region of a pass ive  c o n t i n e n t a l  

margin has been developed by Royden and o t h e r s  (1980). This  method is based 

on a r e l a t i o n s h i p  between the  amount of  subsidence an area of a pass ive  margin 

undergoes fo l lowing  breakup of  t h e  c o n t i n e n t ,  and t h e  hea t  flow through time 

i n  t h a t  a r ea .  Therefore ,  if the  depth t o  t he  breakup unconformity can be 

measured i n  an a r e a ,  t h e  thermal  h i s t o r y  of  t h a t  a r e a  can be r econs t ruc t ed .  

Using t h i s  method, t h e  depth range a t  which petroleum hydrocarbons may 

have been generated in'  t h e  post-breakup ( post-Neocomian) sedimentary rocks of 

t h e  Beaufort  and no r theas t  Chuckhi Seas is shown i n  F igure  18. The a r e a  has  

been analyzed as  t h r e e  s e p a r a t e  reg ions  based on t h e  t h i cknes s  of t h e  

sedimentary s e c t i o n  and t h e  hea t  flow curves .  

Arc t i c  platform 

Most of  t h i s  province ( a r e a  1 i n  F ig .  16) is prospec t ive  f o r  petroleum. 

Thermal h i s t o r y  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  Cretaceous rocks a r e  wi th in  t h e  

o i l  window (Fig .  181, and t h e  El lesmer ian  rocks a r e  known t o  be product ive 

onshore. The a r e a s  o f  g r e a t e s t  p o t e n t i a l  l i e  a long t h e  broad c r e s t  of t h e  

Barrow arch  o f f  Prudhoe and Harr ison Bays, where s i g n i f i c a n t  s e c t i o n s  of  

El lesmerian rocks can be ex t r apo la t ed  o f f sho re .  Lesser  p rospec ts  of t h i s  type  

a r e  pro jec ted  f o r  t h e  c r e s t a l  region of  t h e  a rch  near  Smith Bay and west of 

Point  Barrow because onshore and some o f f sho re  d a t a  (F igs .  4 and 7 )  sugges t  

t h a t  t h e  lower p a r t  of  t he  El lesmer ian  s e c t i o n  is much a t t e n u a t e d ,  o r  missing,  

i n  those  areas. The p o s s i b i l i t y  t h a t  the pre-Pebble s h a l e  f a u l t s  on t h e  no r th  

s i d e  o f  t he  Prudhoe Bay s t r u c t u r e  extend t o  t h e  south  s i d e  of  t h e  Dinkum 

graben f u r t h e r  enhances t h e  prospec ts  of  t h e  a r e a  between Prudhoe Bay and t h e  

graben. 
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A d d i t i o n a l  p r o s p e c t s  i n  t h e  A r c t i c  p l a t f o r m  prov ince  a r e  f a u l t - b l o c k  

p l a y s  i n  Cre taceous  r o c k s ,  and p o s s i b l y  i n  p l a c e s  E l l e s m e r i a n  r o c k s ,  on t h e  

n o r t h  s i d e  o f  t h e  h i n g e - l i n e - r e l a t e d  f a u l t s  t h a t  l i e  a b o u t  10 km t o  15 km o f f  

t h e  c o a s t  between P o i n t  Barrow and H a r r i s o n  Bay. Binge l i n e - a s s o c i a t e d  growth 

f a u l t s  and r o l l o v e r s  i n  Brookian r o c k s  i n  t h e  n o r t h e r n  p a r t  o f  t h e  p rov ince  

may a l s o  have some p o t e n t i a l ,  bu t  pe rhaps  no t  f o r  l a r g e  accumula t ions .  

I n t e r d i g i t a t e d  t o p s e t  and f o r e s e t  s e i s m i c - s t r a t i g r a p h i c  u n i t s  o f  i n f e r r e d  

Cretaceous  and Paleogene age  i n  a p p r o p r i a t e  s t r u c t u r a l  c o n f i g u r a t i o n s  may 

o f f e r  p r o s p e c t s  i n  p a r t s  o f  t h e  A r c t i c  p l a t f o r m  p r o v i n c e ,  b u t  i t  is d i f f i c u l t  

t o  i n f e r  from o u r  d a t a  how l a r g e  such  s t r a t i g r a p h i c a l l y  c o n t r o l l e d  

accumnla t ions  might be.  

Dinkurn g raben  

From F i g u r e  18 we e s t i m a t e  t h a t  t h e  lowes t  T e r t i a r y  and Cre taceous  s t r a t a  

i n  t h e  t h i c k  sed imenta ry  s e c t i o n  o f  Dinkum g r a b e n  ( a r e a  2 i n  F i g u r e  16) a r e  

now w i t h i n  t h e  o i l  window. The u n d e r l y i n g  J u r a s s i c ( ? )  o r  p r e - J u r a s s i c ( ? )  

E l l e s m e r i a n  beds w i t h i n  t h e  deep c e n t r a l  p a r t s  o f  t h e  g raben  range from j u s t  

below t h e  o i l  window i n t o  t h e  overmature  zone,  and would be o f  i n t e r e s t  mainly  

as a s o u r c e  of o i l  o r  g a s  t h a t  migra ted  o u t  o f  t h e s e  beds  d u r i n g  Cre taceous  o r  

Paleogene time. Good p r o s p e c t s  may e x i s t  where t h e  Cre taceous  and lower 

T e r t i a r y  beds o f  t h e  g raben  f i l l  a r e  upturned a g a i n s t  pre-graben r o c k s  a t  

b u t t r e s s  u n c o n f o r m i t i e s  o r  f a u l t  c o n t a c t s ,  p rov ided  t h e s e  beds a r e  no deeper  

t h a n  a b o u t  5 km. However, o u r  d a t a  do n o t  a l l o w  a  r e a s o n a b l e  s p e c u l a t i o n  on 

t h e  size o f  any such accumula t ions .  

Nuwuk b a s i n  

The s e c t i o n  between rough ly  3 km and 6 km subseabed i n  t h e  t h i c k  (more 

t h a n  12 km) Brookian sed imenta ry  pr ism i n  t h e  Nuwuk b a s i n  ( a r e a  3 i n  F i g u r e  

16) is  i n  t h e  o i l  window. Thus ,  t h e  many early-formed growth f a u l t s  and 

a s s o c i a t e d  l a r g e  r o o t l e s s  a n t i c l i n e s  ( r o t a t i o n a l  megaslumps) and s m a l l e r  

r o l l o v e r  a n t i c l i n e s  were p o t e n t i a l l y  a v a i l a b l e  t o  t r a p  m i g r a t i n g  

hydrocarbons .  The p r e s e n c e  of t o p s e t ,  a s  well as f o r e s e t  and bo t tomse t  

s e i s m i c - s t r a t i g r a p h i c  u n i t s  i n  t h e  C r e t a c e o u s  and lower  T e r t i a r y  beds o f  t h e  

b a s i n  h o l d s  o u t  t h e  p o s s i b i l i t y  t h a t  r e s e r v o i r  s a n d s  may be p r e s e n t  i n  t h e s e  

s t r u c t u r e s .  The seismic l i n e s  a r e  t o o  widely  spaced t o  demons t ra te  c l o s u r e  on 

t h e  p o s s i b l e  s t r u c t u r e s  and s t r a t i g r a p h i c  t r a p s  recogn ized  on s e i s m i c  

p r o f i l e s ,  b u t  s u g g e s t  t h a t  l a r g e  c l o s e d  s t r u c t u r e s  could  be p r e s e n t  i n  most 

p a r t s  of t h e  Nuwuk b a s i n .  
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Kaktovik bas in  

Heat flow cons ide ra t i ons  (F ig .  18) suggest  t h a t  t h e  s e c t i o n  between 

roughly 3 km and 6 h below t h e  seabed i n  t h e  Kaktovik bas in  is i n  t h e  o i l  

window. The window inc ludes  t he  upper (bu t  not  t h e  h i g h e s t )  p a r t s  of t h e  

d i a p i r i c  a n t i c l i n e s  and t h e  deeper p a r t s  of  t h e  T e r t i a r y  subbasins  i n  t h e  

e a s t e r n  p a r t  of t h e  province ( a r e a  4B i n  F igure  16). The subbasins  formed 

contemporaneously wi th  d i ap i r i sm  and t h e  b u t t r e s s  unconformit ies  a t  t h e i r  

upturned and l o c a l l y  f a u l t e d  margins may o f f e r  good prospec ts  f o r  l a r g e  

accumulations of  o i l  o r  gas .  I n  a d d i t i o n ,  up-dip migra t ion  of  hydrocarbon 

f l u i d s  might have crea ted  l o c a l  accumulations i n  t h e  tops  of  t h e  d i a p i r i c  

a n t i c l i n e s .  

The d iscovery  of lower T e r t i a r y  and Cretaceous o i l  d e p o s i t s  a t  or near 

t h e  coas t  between t h e  Sagavanirktok and Canning Rivers ,  and t h e  presence 

of fshore  of  a  l a r g e  a n t i c l i n e  of i n f e r r e d  growth- fau l t - re la ted  o r i g i n ,  

i n d i c a t e s  t h a t  t h e  western Kaktovik bas in  ( a r e a  4 A  i n  F igure  76) also has good 

p rospec t s .  The l a r g e  Camden a n t i c l i n e  and r e l a t e d  sma l l e r  s t r u c t u r e s  of  t h i s  

p a r t  of t h e  province ( F i g s .  4  and 14) may not be a s  a t t r a c t i v e ,  however, as 

t h e  s u b s t a n t i a l  l eng th ,  width,  and s t r u c t u r a l  r e l i e f  of  t h e  a n t i c l i n e  might 

sugges t .  The a n t i c l i n e  is appa ren t ly  s t i l l  growing, and it is probably an 

e n t i r e l y  Neogene and perhaps even a  Quaternary  s t r u c t u r e .  I f  t he  fo ld  is 

indeed t h i s  young, it may s u b s t a n t i a l l y  pos tda t e  t h e  migra t ion  of o i l  from t h e  

lower T e r t i a r y  and o lde r  beds of t he  bas in ,  and t h e r e  may not  have been 

s u f f i c i e n t  time t o  accumulate l a r g e  q u a n t i t i e s  of hydrocarbons generated i n  

t h e  T e r t i a r y  s t r a t a .  Because of i ts youthfu lness ,  t h e  Camden a n t i c l i n e  may be 

more prospec t ive  f o r  gas  than f o r  o i l .  

D i a p i r i c  f o l d  province 

Most of t he  numerous a n t i c l i n a l  s t r u c t u r e s  of  t h e  d i a p i r i c  fo ld  province 

( a r e a  5 i n  F igure  16) l i e  beneath 1500 m t o  3000 m of  water i n  a r e a s  of t h e  

A r c t i c  bas in  t h a t  a r e  seldom i ce - f r ee  (F ig .  2 ) .  They o f f e r ,  f o r  pos s ib l e  

f u t u r e  e x p l o r a t i o n ,  many s t r u c t u r a l  t r a p s  w i th in  t h e  o i l  window, and up-dip 

migra t ion  may have c a r r i e d  hydrocarbon f l u i d s  i n t o  higher  s t r u c t u r a l  p o s i t i o n s  

on the  f o l d s .  A large unknown i n  t h e  d i a p i r i c  f o l d  province is whether 

s u i t a b l e  hydrocarbon source beds and r e s e r v o i r  rocks a r e  p re sen t .  

Canada bas in  

Water depths  exceeding 2400 m ,  pe renn ia l  i c e  cover (F ig .  2) ,  and 

u n c e r t a i n t i e s  concerning t h e  presence of source  and r e s e r v o i r  rocks appear t o  
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a s s u r e  t h a t  pe t ro leum e x p l o r a t i o n  i n  t h e  a r e a s  o f  t h e  l e a s e  s a l e  w i t h i n  t h e  

Canada b a s i n  (areas 6 A ,  68, and 6 C  i n  F i g u r e  16) w i l l  n o t  be under taken  i n  

t h i s  c e n t u r y .  However, t h e  sed imenta ry  r o c k s  o f  t h e  b a s i n ,  which a r e  ' 

i n t e r p r e t e d  t o  be o f  Brookian age, a r e  p o t e n t i a l l y  p r o s p e c t i v e  because  t h e y  

a r e  5 km t o  more t h a n  10 Icm t h i c k  and a  s u b s t a n t i a l  p a r t  o f  t h e  s e c t i o n  is 

e s t i m a t e d  t o  be i n  t h e  o i l  window ( F i g .  18) .  The adequacy o f  hydrocarbon 

s o u r c e  beds  and o f  r e s e r v o i r  r o c k s  is no t  known, b u t  s u i t a b l e  s o u r c e  beds and 

porous  t u r b i d i t e  s a n d s  could  be p r e s e n t .  S e i s m i c - r e f l e c t i o n  p r o f i l e s  a c r o s s  

p a r t  o f  t h e  Alaskan c o n t i n e n t a l  r i s e  subprov ince  (area 6 A  in F i g .  16)  

demons t ra te  t h e  p r e s e n c e  of low-angle f a u l t s  and buckled beds and f a u l t  p l a n e s  

a t  t h e  t o e s  o f  growth f a u l t s  and deep slumps.  These low-angle f a u l t s  

o r i g i n a t e d  i n  Nuwuk b a s i n  and benea th  t h e  c o n t i n e n t a l  s l o p e .  Such complex 

s t r u c t u r e s  might have formed s u i t a b l e  t r a p s  f o r  t h e  accumula t ion  of 

hydrocarbons ,  but  t h e  s e i s m i c  l i n e s  are t o o  wide ly  spaced t o  demons t ra te  

s t r u c t u r a l  c l o s u r e s .  

Gas h y d r a t e  

Where wa te r  d e p t h s  i n  t h e  a r e a  of l e a s e  sale 87 exceed abou t  400 m ,  t h e  

t o p  300 m t o  700 o f  s u b s e a  f l o o r  sediment  is i n  t h e  t empera tu re -p ressure  

r a n g e  f o r  t h e  fo rmat ion  and s t a b i l i t y  of n a t u r a l  g a s  h y d r a t e  (F ig .  1 9 ) .  

Evidence f o r  t h e  o c c u r r e n c e  of gas h y d r a t e  was found on a b o u t  75 p e r c e n t  o f  

o u r  s e i s m i c - r e f l e c t i o n  coverage i n  t h e  sale  a r e a  between t h e  400-m i s o b a t h  and 

t h e  n o r t h  end o f  o u r  s e i s m i c  l i n e s  o r  t h e  2800 i s o b a t h .  The zone o f  g a s  

h y d r a t e  may a l s o  extend beyond t h e  2800 i s o b a t h ,  b u t  t h e  ev idence  is d i f f i c u l t  

t o  r e c o g n i z e  i n  t h e  n e a r l y  f l a t  sed imenta ry  s t r a t a  t h a t  u n d e r l i e  t h e  Canada 

B a s i n  a t  t h o s e  d e p t h s .  

It is not known from o u r  seismic d a t a  what p o r t i o n  of t h e  p o t e n t i a l  zone 

of occurrence has  a c t u a l l y  been cemented w i t h  g a s  h y d r a t e .  Hydrate  fo rmat ion  

r e q u i r e s  e i t h e r  t h e  i n  s i t u  g e n e r a t i o n  of g a s  i n  t h e  a p p r o p r i a t e  t empera tu re -  

p r e s s u r e  zone ,  o r  t h e  i n t r o d u c t i o n  o f  g a s  by m i g r a t i o n  from o u t s i d e  t h e  

zone.  The completeness  o f  h y d r a t e  cementa t ion  w i t h i n  t h e  h y d r a t e  p r e s s u r e -  

t e m p e r a t u r e  zone depends h e a v i l y  on t h e  a v a i l a b i l i t y  o f  g a s  o r  o f  s u i t a b l e  

o ~ g a n i c  m a t t e r  f o r  t h e  g e n e r a t i o n  of gas, t h e  p e r m e a b i l i t y  of t h e  sed iment ,  

and t h e  e x i s t e n c e  o f  a p p r o p r i a t e  pathways f o r  g a s  m i g r a t i o n .  It is assumed 

that t h e  h y d r a t e  c o n t a i n s  most ly  methane because  t h i s  is t h e  most abundant g a s  

i n  n a t u r a l l y - o c c u r r i n g  g a s  hydrates ,  but  this has  y e t  t o  be demons t ra ted .  

U n t i l  t h e  hydra te  zone is sampled,  i ts r e s o u r c e  p o t e n t i a l  can o n l y  be 

c o n j e c t u r e d ,  b u t  t h e o r e t i c a l  c a l c u l a t i o n s  s u g g e s t  t h a t  t h e  p o t e n t i a l  r e s o u r c e  
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could  be v e r y  l a r g e .  To d a t e ,  however, a t t e m p t s  onshore  i n  t h e  S o v i e t  Union 

and Canada t o  decompose subpermaf ros t  h y d r a t e  i n  s i t u  have a p p a r e n t l y  n o t  l e d  

t o  a method f o r  producing hydrate-bound methane g a s  commercia l ly .  S u b s u r f a c e  

g a s  h y d r a t e  is o f  g r e a t e r  c u r r e n t  i n t e r e s t  as a p o t e n t i a l  geohazard  t h a n  as a  

r e s o u r c e .  Under t h e  environmental  c o n d i t i o n s  of t h e  A r c t i c  Ocean, development 

o f  t h e  g a s  h y d r a t e  r e s o u r c e  w i l l  p robab ly  be under taken f i rs t ,  i f  a t  a l l ,  i n  

c o n j u n c t i o n  w i t h  t h e  development o f  d e e p e r ,  c o n v e n t i o n a l  d e p o s i t s  of o i l  and 

g a s  i n  t h e  r e g i o n  o f  h y d r a t e  o c c u r r e n c e .  

A more l i k e l y  r e s o u r c e  i n  t h e  r e g i o n  o f  g a s  h y d r a t e  is t h e  f r e e  g a s  t h a t ,  

i n  many p l a c e s ,  can be i n t e r p r e t e d  t o  immediately u n d e r l i e  t h e  b a s e  o f  t h e  

h y d r a t e  zone. Many o f  t h e  s t r o n g e s t  c o n c e n t r a t i o n s  occur  under pseudo- 

a n t i c l i n e s  formed where t h e  b a s e  o f  t h e  g a s  h y d r a t e ,  which t e n d s  t o  p a r a l l e l  

t h e  seabed ,  u n d e r l i e s  ba thymet r i c  h i g h s  ( F i g .  2 0 ) .  Large  volumes o f  low t o  

moderate  p r e s s u r e  gas could  be p r e s e n t  i n  such  s t r u c t u r e s  and o t h e r  s u b h y d r a t e  

accumula t ions .  However, sampl ing t o  de te rmine  t h e  p r o p e r t i e s  o f  t h e  p o t e n t i a l  

r e s e r v o i r s ,  t h e  composi t ion o f  t h e  g a s ,  t h e  t h i c k n e s s  o f  t h e  g a s  zone ,  and t h e  

gas c o n t e n t  o f  t h e  a s s o c i a t e d  conna te  w a t e r ,  as w e l l  a s  a d d i t i o n a l  s e i s m i c  

r e f l e c t i o n  p r o f i l e s ,  w i l l  be  r e q u i r e d  t o  e s t i m a t e  t h e  r e s o u r c e  t h a t  may be 

p r e s e n t .  

R e l a t i v e  p r o s p e c t i v e n e s s  o f  t h e  p rov inces  

P r o s p e c t s  f o r  t h e  o c c u r r e n c e  o f  l a r g e  pet roleum d e p o s i t s ,  w i t h o u t  r e g a r d  

t o  economic r e a l i t i e s ,  appear  t o  be h i g h e s t  i n  t h e  A r c t i c  p l a t f o r m  prov ince  

east from Smith  Bay, and i n  t h e  Kaktovik and Nuwuk b a s i n s .  Dinkum g r a b e n ,  t h e  

A r c t i c  p l a t f o r m  n e a r  t h e  h inge  l i n e  ( i n c l u d i n g  t h e  a r e a  w i t h  h inge- l ine -  

r e l a t e d  f a u l t s  between P o i n t  Barrow amd H a r r i s o n  Bay) ,  t h e  A r c t i c  p l a t f o r m  

s o u t h  o f  t h e  wedgeout o f  E l l e s m e r i a n  s t r a t a  west  of P o i n t  Barrow, and p robab ly  

t h e  d i a p i r i c  f o l d  p r o v i n c e  a r e  a l s o  p r o s p e c t i v e .  These a r e ,  however, p robab ly  

somewhat less f a v o r a b l e  f o r  l a r g e  d e p o s i t s  than  t h e  f o r e g o i n g  a r e a s .  The 

s t r u c t u r a l l y  s h a l l o w  a r e a  of t h e  A r c t i c  p l a t f o r m  i n  the broad crestal region 

of the  Barrow a r c h  nor thwes t  of t h e  E l l e s m e r i a n  wedgeout i n  t h e  Chukchi Sea  

has poor p r o s p e c t s .  There  a r e  i n s u f f i c i e n t  data and a l a c k  o f  s u i t a b l e  

a n a l o g s  from which t o  rank t h e  s u b p r o v i n c e s  o f  t h e  Canada b a s i n  o r  t h e  gas 

h y d r a t e  zone.  The b e s t  p r o s p e c t s  i n  t h e  Canada b a s i n ,  e x c l u s i v e  o f  t h e  

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

complex zone t h a t  l ies  a t  t h e  f o o t  of  t h e  l i s t r i c  growth f a u l t s  w i t h i n  t h e  

ups lope  (landward) part of t h e  Alaska c o n t i n e n t a l  rise sed imenta ry  prism. 



Resource a p p r a i s a l  e s t ima te s  

Es t imates  of  t h e  economically recoverab le  o i l  and gas  i n  t h e  planning 

a r e a  f o r  t he  proposed s a l e  no. 87 have been developed from r e c e n t ,  unpublished 

Geological  Survey e s t ima te s  f o r  t h e  Beaufort  She l f  Province. The province 

e s t i m a t e s ,  shown i n  Table  2 ,  were obtained by s u b j e c t i v e  p r o b a b i l i t y  

techniques t h a t  i nco rpo ra t e  geologic  judgment and a n a l y s i s  o f  t h e  petroleum 

c h a r a c t e r i s t i c s  of t he  basin.  The a n a l y t i c a l  procedures inc lude :  

1 .  A review and i n t e r p r e t a t i o n  of  a v a i l a b l e  geo log ica l  and geophys ica l  

d a t a .  

2.  Applicat ion of  a r b i t r a r y  hydrocarbon y i e l d s  der ived from var ious  

United S t a t e s  hydrocarbon-producing bas in s .  

3. Comparison with o t h e r  petroleum provinces ,  

The assessments  i n  Table  2 a r e  p r o b a b i l i t y  e s t i m a t e s  of  "more thanw q u a n t i t i e s  

a s soc i a t ed  with given p r o b a b i l i t i e s  of  occurrence.  Usually i n  such 

assessments  cond i t i ona l  and uncondi t iona l  e s t ima te s  a r e  given.  However, s i n c e  

t h e  marginal p r o b a b i l i t y  for  t he  Beaufort  s h e l f  was es t imated  t o  be 1 .0 ,  t h e  

cond i t i ona l  and uncondi t iona l  va lues  a r e  t h e  same and only t h e  cond i t i ona l  

va lues  a r e  shown on Table  2 .  

The e s t ima te s  shown i n  Table  2 are assessments of undiscovered 

recoverab le  o i l  and gas  f o r  t h e  t o t a l  Beaufort  s h e l f  i f  technology permi ts  

t h e i r  e x p l o i t a t i o n  beneath t h e  A r c t i c  pack i c e .  They must be reduced t o  ob t a in  

an e s t ima te  of  economically recoverab le  o i l  and gas because they inc lude  

resources  on S t a t e  l ands  and resources  t h a t  a r e  c u r r e n t l y  no t  economically 

recoverab le  because of t h e  Arc t i c  pack i c e .  Based on information publ ished by 

t h e  Nat ional  Petroleum Council (19811, resources  a r e  not  considered 

recoverab le  wi th  presen t  technology i n  a r e a s  of  A r c t i c  pack i c e  where water 

depths  a r e  g r e a t e r  than 200 feet.  Economically recoverab le  resources  i n  t h e  

po r t i on  of  t h e  Beaufort  s h e l f  province between t h e  S t a t e  three-mile  l i m i t  and 

t h e  200-foot water depth contour  a r e  es t imated t o  be 50 percent  o f  t h e  t o t a l  

s h e l f  resources  shown i n  Table  2 .  



Table 2 

Es t imates  of To ta l  Undiscovered O i l  and Gas, Beaufort  s h e l f '  

95th 5 t h  Marginal 
~ r a c t i l e ~  ~ r a c t i l e ~  Mean P r o b a b i l i t y  

O i l  ( B i l l i o n s  of  b a r r e l s )  
Cond i t iona 1 

Assoc . /Dissolved Gas ( TCF ) 
Condi t iona l  3.39 29.89 12.46 1 

Non-Assoc. Gas (TCF) 
Condit ional  

Aggregated Gas ( TCF) 
Condit ional  

'These q u a n t i t i e s  can be considered recoverab le  - only i f  technology permits  
t h e i r  e x p l o i t a t i o n  beneath t h e  A r c t i c  pack ice--a cond i t i on  not  ye t  met. 

 he p r o b a b i l i t y  o f  -- more than  t h e  amount a t  t h e  95th f r a c t i l e  is  95 pe rcen t .  
The 5 t h  f r a c t i l e  is defined s i m i l a r l y .  

3 ~ ~ ~ ,  t r i l l i o n  cubic  f e e t .  



Environmental  geology 

General  d e s c r i p t i o n  

Sea i c e ,  Holocene t e c t o n i s m ,  a c t i v e  slumping and s l i d i n g ,  sha l low f r e e  

g a s  c o n c e n t r a t i o n s ,  unconso l ida ted  sed iment ,  n a t u r a l  gas  h y d r a t e s ,  subsea  

p e r m a f r o s t ,  and o t h e r  f a c t o r s  w i l l  compl ica te  pet roleum development i n  t h e  

Beaufor t  and n o r t h e a s t e r n  Chukchi S e a s .  The c o n t i n e n t a l  s h e l v e s  h e r e  are 

mos t ly  i c e - f r e e  and a c c e s s i b l e  t o  d r i l l  s h i p s  f o r  up t o  two months d u r i n g  

o c c a s i o n a l  f a v o r a b l e  y e a r s ;  however, o t h e r  troublesome subsea  c o n d i t i o n s  w i l l  

hamper d r i l l i n g  even when t h e  s e a  i c e  does  n o t .  

N a t u r a l  g a s  h y d r a t e  w i t h  a zone o f  f r e e  g a s  a t  its b a s e  300 t o  700 m 

benea th  t h e  s e a f l o o r  is widespread where water  is deeper  t h a n  300 m. S h a l e  

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

147%. long.  Sha l low,  low-angle bedding-plane slides as wide as 38 km 

u n d e r l i e  most of t h e  o u t e r  s h e l f .  The s l i d e s  a r e  s u f f i c i e n t l y  young t o  

p r e s e r v e  open c r e v a s s e s  as deep as 17 m ( e x c e p t i o n a l l y  37 m). E a s t  of 1 4 6 ~ ~ .  

l o n g  p roduc t ion  f a c i l i t i e s  may be s u b j e c t  t o  ea r thquakes  as l a r g e  as magnitude 

6 and i n  p l a c e s  t o  a c t i v e  f a u l t i n g ,  u p l i f t ,  and subs idence .  Subsea 

p e r m a f r o s t ,  probably  c o n t a i n i n g  g a s  p o c k e t s ,  e x t e n d s  from n e a r  t h e  sea-bottom 

t o  d e p t h s  o f  s e v e r a l  hundred mete r s  i n  sediments  n e a r  t h e  c o a s t  and may 

p r e s e n t  thawing and compaction hazards  t o  d r i l l h o l e s  on t h e  i n n e r  s h e l f .  

Shallow free g a s  is c o n c e n t r a t e d  i n  i s o l a t e d  patches on t h e  i n n e r  s h e l f  and i n  

a long and con t inuous  but narrow zone n e a r  t h e  s h e l f  b reak .  

The wes tward-dr i f t ing  p o l a r  i c e  pack,  which l i es  seaward o f  a zone o f  

s h o r e f a s t  and bot tom-fas t  ice i n s i d e  t h e  10- 20-m i s o b a t h ,  w i l l  be a major  

o b s t a c l e  t o  e x p l o r a t i o n  and p roduc t ion  a c t i v i t i e s .  I n  a d d i t i o n ,  t h e  seabed 

between t h e  c o a s t l i n e  and a t  l e a s t  t h e  60-m i s o b a t h  is gouged by k e e l s  o f  

d r i f t i n g  i c e  r i d g e s  and t a b u l a r  i c e b e r g s .  Subbottom comple t ions  i n  t h i s  zone,  

and p i p e l i n e s  c r o s s i n g  i t ,  w i l l  have t o  be bur ied  below t h e  gouges,  which 

l o c a l l y  exceed 5 m i n  dep th .  River  f l o o d i n g  o f  s h o r e f a s t  i c e ,  s t r u d e l  

s c o u r i n g ,  h igh s to rm t i d e s ,  r a p i d  c u r r e n t s  i n  t i d a l  p a s s e s ,  r a p i d  c o a s t a l  

r e t r e a t ,  and ice bui ldup  on beaches  and b a r r i e r  i s l a n d s  p r e s e n t  a d d i t i o n a l  

e n g i n e e r i n g  h a z a r d s  i n  t h e  n e a r s h o r e  a r e a ,  

Unconsol idated d e p o s i t s  

The s h e l f  of t h e  Beaufor t  Sea is e s s e n t i a l l y  a seaward e x t e n s i o n  o f  t h e  

low, f l a t  c o a s t a l  p l a i n  of n o r t h e r n  Alaska,  and,  l i k e  t h e  c o a s t a l  p l a i n ,  is  

probab ly  u n d e r l a i n  by shallow-water marine and terrestrial sediments  o f  t h e  



Gubik Formation.  These sediments  c r o p  o u t  i n  i c e  gouges,  i n  cur ren t - scour  

d e p r e s s i o n s  and where Holocene sed iments  a r e  a b s e n t .  S u r f i c i a l  Holocene 

d e p o s i t s  g e n e r a l l y  c o n s i s t  of 5 t o  more than  45 m o f  marine mud and sand.' The 

t e x t u r a l  c h a r a c t e r  o f  the s u r f i c i a l  sed iments  is shown on f i g u r e  21. Local  

accumula t ions  of g r a v e l  and b o u l d e r s ,  mainly a long  t h e  s h e l f  b reak ,  a p p a r e n t l y  

r e p r e s e n t  r e l i c t  i c e - r a f t e d  m a t e r i a l s .  I c e - r a f t i n g  does  no t  appear  t o  be a 

s i g n i f i c a n t  modern p rocess  of sediment t r a n s p o r t  f o r  coarse-grained m a t e r i a l s  

i n  t h i s  a r e a ,  but  may be impor tan t  i n  t r a n s p o r t i n g  silts and c l a y s .  

The t h i n  veneer  o f  Holocene sed iments  and t h e  low r e g i o n a l  s l o p e s  of t h e  

s h e l f  i n d i c a t e  t h a t  shoreward o f  t h e  50 t o  60 m i s o b a t h  t h e  m a t e r i a l s  are n o t  

s u b j e c t  t o  l a r g e - s c a l e  slumping. The s u r f i c i a l  sediments  are,  however, 

f r e q u e n t l y  d i s r u p t e d  and reworked by k e e l s  o f  deep-dra f t  s e a  i c e .  The coastal  

b l u f f s  are deformed by slumping and mass was t ing ,  due p r i m a r i l y  t o  t h e  e r o s i o n  

o f  ground i c e  and f r o z e n  s o i l  by s u r f a c e  wa te r  d u r i n g  t h e  summer months. As a 

r e s u l t ,  t h e  c o a s t a l  b l u f f s  r e t r e a t  a t  average  r a t e s  o f  1 t o  3 m pe r  year  a long  

t h e  e n t i r e  c o a s t  ( F i g .  27) .  Extreme retreats of 30 t o  50 m have been recorded 

a t  c o a s t a l  promontor ies  d u r i n g  s i n g l e  major s to rms .  

The Holocene sediment  cover  o v e r  t h e  s h a l l o w  o f f s h o r e  par ts  o f  t h e  

e a s t e r n  Chukchi Sea a p p a r e n t l y  is  t h i n ,  less than  5 m i n  most p l a c e s ,  b u t  

l o c a l l y  can be a s  much a s  12 m t h i c k  (Moore, 1964) .  I n  nearshore  r e g i o n s  

Holocene sediment on t h e  n o r t h e a s t  Chukchi S h e l f  forms a t h i n  veneer  over  

Cretaceous  bedrock.  The maximum Holocene sediment t h i c k n e s s ,  16 m ,  o c c u r s  

d i r e c t l y  o f f  P o i n t  F r a n k l i n .  The s u r f i c i a l  d e p o s i t s  c o n s i s t  o f  m i x t u r e s  of 

mud, sand ,  and g r a v e l .  F i e l d s  o f  a c t i v e l y  n o r t h e a s t - m i g r a t i n g  sandwaves o c c u r  

n o r t h  o f  Peard Bay, s t a r t i n g  a t  d e p t h s  o f  18 t o  20 m,  and extend seaward t o  

unknown d e p t h s  along t h e  east flank of t h e  Barrow Sea Val ley .  S u r f i c i a l  

g r a v e l  p a t c h e s  a l s o  occur  n e a r  t h e  sandwave f i e l d s .  Kelp beds ,  a s s o c i a t e d  

w i t h  s u r f i c i a l  g r a v e l  p a t c h e s  and p o s s i b l e  bedrock o u t c r o p s  on t h e  s e a  f l o o r ,  

o c c u r  n o r t h e a s t  o f  Peard Bay a t  d e p t h s  less than  15 m (F ig .  21)  and may 

c o n t i n u e  as s c a t t e r e d  f i e l d s  n o r t h  toward P o i n t  Barrow. 

The most poor ly  c o n s o l i d a t e d  sediments  on t h e  Beaufor t  S h e l f  a r e  t h e  

Holocene marine  muds and silts whose t h i c k n e s s  is contoured on f i g u r e  22. On 

t h e  o u t e r  s h e l f  t h e y  have been i n t e r p r e t e d  and measured on h i g h - r e s o l u t i o n  

(Uniboom) s e i s m i c  p r o f i l e s  on t h e  b a s i s  of a c o u s t i c  p r o p e r t i e s  and geomet r ic  

c o n s i d e r a t i o n s .  On t h e  i n n e r  s h e l f ,  d r i l l i n g ,  sampl ing,  and d i v i n g  

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

i n t e r p r e t i n g  t h e  a c o u s t i c  data. The Holocene d e p o s i t s  form a wedge which 

t h i c k e n s  o f f s h o r e  t o  a maximum of abou t  40 t o  50 m n e a r  t h e  s h e l f - b r e a k ,  where 
24 



t h e  wedge o v e r l a p s  t h e  shoreward boundary o f  t h e  c h a o t i c  slump t e r r a n e .  The 

wedge is a p p a r e n t l y  t h i n n e r  on t h e  wes te rn  h a l f  o f  t h e  s h e l f  t h a n  i n  t h e  e a s t ,  

b u t  r e c o r d s  i n  t h e  west are much l e s s  d e f i n i t i v e .  Holocene d e p o s i t s  are 

n o t a b l y  t h i n  o r  a b s e n t  a long  t h e  c o a s t .  L i t t l e  sediment a p p e a r s  t o  be 

accumula t ing  i n  d e l t a s  and o f f s h o r e  from r i v e r s .  

The Holocene sed iments  on the middle and o u t e r  s h e l f  probably  have low 

s h e a r  s t r e n g t h ,  as i n d i c a t e d  by t h e  development o f  ve ry  low-angle bedding 

p lane  s l i d e s ,  and d e p o s i t s  w i t h  s i g n i f i c a n t  sand and s i l t  c o n t e n t s  may be 

s u s c e p t i b l e  t o  l i q u e f a c t i o n  a s  w e l l .  The i n s t a b i l i t y  of t h e s e  d e p o s i t s  poses  

t h e  g r e a t e s t  p o t e n t i a l  hazard t o  p i p e l i n e s ,  p la t fo rms  and a r t i f i c i a l  i s l a n d s  

on t h e  o u t e r  s h e l f ,  where t h e  d e p o s i t s  are t h i c k e s t  and have t h e  s t e e p e s t  

g r a d i e n t ,  and near  t h e  a c t i v e  s e i s m i c  zone n e a r  Camden Bay. A band of unknown 

wid th  shoreward of t h e  bedding p lan  s l i d e  t e r r a n e  of t h e  o u t e r  s h e l f  (F ig .  

23), where f a i l u r e  might be t r i g g e r e d  by ea r thquakes  o r  by t h e  r e l e a s e  of 

l a r g e  slump masses i n  t h e  a d j a c e n t  s l i d e  t e r r a n e ,  is a l s o  hazardous .  

T e c t o n i c a l l y  t r i g g e r e d  sediment  i n s t a b i l i t y  a p p a r e n t l y  p r e s e n t s  no t h r e a t  t o  

pet roleum development on t h e  i n n e r  s h e l f  landward o f  t h e  20-m i s o b a t h ,  where 

s l o p e s  a r e  g e n t l e  and Holocene d e p o s i t s  t h i n .  

Abrupt changes i n  t h i c k n e s s  of t h e  Holocene sediment  on t h e  s h e l f  n o r t h  

of Camden Bay are i n t e r p r e t e d  t o  be t h e  r e s u l t  of 10 t o  25 m o f  l a t e  

Q u a t e r n a r y  u p l i f t  i n  a n o r t h e a s t - t r e n d i n g  zone abou t  30 kin wide and a t  l e a s t  

60 h long.  Many h i s t o r i c a l  ea r thquakes  have e p i c e n t e r s  i n  t h i s  zone ( F i g .  

2 4 ) .  S t r u c t u r e s  emplaced on t h e  t h i c k  Holocene sediments  f l a n k i n g  t h i s  

u p l i f t e d ,  s e i s m i c a l l y  a c t i v e  a r e a  w i l l  be s u b j e c t  t o  e s p e c i a l l y  s t r o n g  shak ing  

d u r i n g  e a r t h q u a k e s .  

L a n d s l i d e s  

Most o f  t h e  Beaufor t  o u t e r  s h e l f  and upper s l o p e  seaward of t h e  50 t o  65 

m i s o b a t h s  is d i s r u p t e d  by a c t i v e  bedding-plane s l i d e s  and massive  slumps 

2eveloped i n  unconso l ida ted  o r  poor ly  c o n s o l i d a t e d  Holocene and P l e i s t o c e n e  

sed iments  (Fig.  23).  High r e s o l u t i o n  s e i s m i c  r e c o r d s  ( p r i n c i p a l l y  Uniboom) 

c o l l e c t e d  a c r o s s  t h e  e n t i r e  western  s h e l f  and s l o p e  a t  15 t o  50 km i n t e r v a l s  

have a l lowed t h e  d e l i n e a t i o n  o f  s e v e r a l  d i s t i n c t  i n s t a b i l i t y  t e r r a n e s .  These 

t e r r a n e s  i n c l u d e  sags at  t h e  heads  o f  e x t e n s i o n a l  zones ,  coheren t  bedding- 

p l a n e  s l i d e  zones i n  which l a r g e  t a b u l a r  b locks  t h a t  have moved seaward a r e  

s e p a r a t e d  by deep,  open c r e v a s s e s ,  r o t a t i o n a l  slump t e r r a n e s  i n  which l a r g e  

slump masses broke a l o n g  l i s t r i c  s u r f a c e s  and s l i d  downslope a t  h igh  a n g l e s ,  

and hummocky r u b b l e  p i l e s  a t  t h e  base of t h e  s l i d e  t e r r a n e  where slump masses 
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accumulated.  

The bedding-plane masses are t a b u l a r  s h e e t s  up t o  38 km long  and 

t y p i c a l l y  20 t o  230 m t h i c k  t h a t  move seaward a l o n g  s l i p  p lanes  which,  s i n c e  

t h e y  commonly d i p  o n l y  0.5' t o  1.5', must i n c l u d e  m a t e r i a l s  o f  v e r y  low s h e a r  

s t r e n g t h .  L o c a l l y ,  up t o  t h r e e  g e n e r a t i o n s  o f  s l i d e  masses a r e  super imposed,  

and r e a c t i v a t i o n  o f  s l i d i n g  a l o n g  t h e  o l d e r  s l i p  p l a n e s  is a p p a r e n t l y  

common. The sed iments  invo lved  i n  s l i d i n g  have no t  been da ted  

p a l e o n t o l o g i c a l l y ;  however, t h e  t h i n n e r  slides and t h e  uppermost p a r t s  of t h e  

t h i c k e r  ones formed i n  a u n i t  o f  unconso l ida ted  d e p o s i t s  t h a t  is i n f e r r e d  from 

a c o u s t i c  s t r a t i g r a p h y  t o  be of e a r l y  Holocene age. These d e p o s i t s  a r e  

t y p i c a l l y  30 t o  50 m t h i c k  n e a r  t h e  head o f  t h e  s l i d e  t e r r a n e  ( F i g .  22 ) .  

I n  view of  t h e  evidence f o r  r e p e a t e d  and c o n t i n u i n g  f a i l u r e  o f  b road ,  

t h i c k  masses of unconso l ida ted  and p o o r l y  c o n s o l i d a t e d  sediment  a t  a s  many a s  

t h r e e  l e v e l s  i n  t h e  sediment column, much of t h e  l e a s e  a r e a  seaward o f  t h e  50 

t o  65 m i s o b a t h s  is hazardous  o r  p o t e n t i a l l y  hazardous  t o  pet roleum 

development s t r u c t u r e s .  

Young f a u l t s  

High-angle normal and p o s s i b l y  r e v e r s e  f a u l t s ,  some of  which a f f e c t  

Holocene d e p o s i t s  and t h e  seabed ,  and monoclines o v e r l y i n g  such  f a u l t s  a r e  

abundant off  Camden Bay ( F i g .  2 4 ) .  The y o u t h f u l n e s s  and l o c a l  abundance of 

t h e s e  f e a t u r e s  and t h e i r  a r e a l  co inc idence  wi th  a zone o f  Holocene u p l i f t  and 

modern ea r thquakes  strongly s u g g e s t  t h a t  a t  l e a s t  some o f  them a r e  a c t i v e .  

These f a u l t s  l i e  w i t h i n  t h e  wes te rn  end o f  a t e r r a n e  of l a rge-ampl i tude ,  l a t e  

Cenozoic detachment f o l d s  t h a t  c h a r a c t e r i z e  t h e  wes te rn  p a r t  o f  t h e  B a r t e r  

I s l a n d  s e c t o r  o f  t h e  Beaufor t  s h e l f ,  and appear  t o  r e p r e s e n t  p a r t  o f  t h e  

a c t i v e  f r o n t  o f  t h e  t e c t o n i c  sys tem t h a t  produced t h e s e  f o l d s .  

I n  a d d i t i o n  t o  t h e s e  t e c t o n i c ,  a p p a r e n t l y  se ismogenic  f a u l t s ,  two t y p e s  

o f  nor th -d ipp ing ,  down-to-the-basin g r a v i t y  f a u l t s  u n d e r l i e  t h e  wes te rn  

B e a u f o r t  s h e l f  ( F i g .  2 4 ) .  These f a u l t s  a r e  l i s t r i c  s u r f a c e s  a long  which t h e  

sed imenta ry  prism o f  t h e  s h e l f  has  f a i l e d  and moved toward t h e  " f r e e  facevv  o f  

t h e  c o n t i n e n t a l  s l o p e .  The f i r s t  t y p e  o f  g r a v i t y  f a u l t ,  which is  r e s t r i c t e d  

t o  t h e  outermost  s h e l f  and upper s l o p e ,  h a s  t o t a l  d i sp lacements  as g r e a t  a s  

1,055 m and bounds s h a l l o w  s t r u c t u r a l  b locks  t h a t  are a k i n  t o  l a r g e  r o t a t i o n a l  

slumps.  Most o f  the o f f s e t s  a long  t h e s e  f a u l t s  may have occur red  i n  one o r  a 

few l a r g e  d i sp lacement  e v e n t s .  A d d i t i o n a l  f e a t u r e s  o f  t h i s  t y p e  a r e  l i k e l y  t o  

d i s r u p t  t h e  a d j a c e n t  outermost  s h e l f  i n  t h e  f u t u r e .  
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The second set of g r a v i t y  f a u l t s ,  which o c c u r s  benea th  t h e  middle and 

o u t e r  s h e l f ,  is c h a r a c t e r i z e d  by much s m a l l e r  o f f s e t s  o f  Q u a t e r n a r y  d e p o s i t s  

and t h e  seabed than  t h e  first set and i n c l u d e s  many growth f a u l t s  w i t h  a " long  

h i s t o r y  o f  a c t i v i t y .  The o u t e r  s h e l f  f a u l t s  of t h i s  set d i s p l a c e  Holocene 

d e p o s i t s  and t h e  seabed as much as 15 t o  20 m ,  and i n  one area p o s s i b l y  as 

much as 70 m. Those on t h e  mid-shelf d i s p l a c e  sed iments  no younger t h a n  l a t e  

P l e i s t o c e n e .  

The g r a v i t y  f a u l t s  a r e  a c t i v e  i n  t h e  s e n s e  t h a t  t h e y  formed i n  t h e  

p r e s e n t  t e c t o n i c  environment and d i s p l a c e  P l e i s t o c e n e  o r  Holocene sed iments .  

However, t h e y  have n o t  genera ted  e a r t h q u a k e s  o f  s u f f i c i e n t  magnitude t o  be 

d e t e c t e d  by t h e  r e g i o n a l  and l o c a l  seismograph networks i n  p l a c e  s i n c e  1968. 

The l a c k  o f  s e i s m i c i t y  may be due t o  t h e  f a c t  t h a t  low stress drops  a r e  

c h a r a c t e r i s t i c  o f  movement a long  g r a v i t y  f a u l t s .  I n  t h e  absence o f  

e a r t h q u a k e s  o r  d e t a i l e d  p h y s i c a l  s t r a t i g r a p h y ,  t h e  r e c u r r e n c e  i n t e r v a l  o f  

d isplacement  e v e n t s  a long  t h e  g r a v i t y  f a u l t s  is i m p o s s i b l e  t o  c a l c u l a t e .  We 

e s t i m a t e ,  however, t h a t  t h e  f a u l t s  beneath  t h e  o u t e r  s h e l f ,  which show l a r g e  

Holocene o f f s e t s ,  may have r e c u r r e n c e  i n t e r v a l s  i n  t h e  range o f  a few hundred 

t o  s e v e r a l  thousand y e a r s .  Those on t h e  mid-shelf ,  which show on ly  

P l e i s t o c e n e  o r  e a r l y  Holocene o f f s e t s ,  may be q u i e s c e n t  o r  have very  l o n g  

r e c u r r e n c e  i n t e r v a l s .  

S e i s m i c i t y  

Most o f  t h e  a r e a  of l e a s e  s a l e  87 h a s  h i s t o r i c a l l y  been a s e i s m i c  w i t h  

t h e  e x c e p t i o n  o f  an anomalous ea r thquake  l o c a t e d  by t h e  worldwide network 

a b o u t  200 L n o r t h  of t h e  C o l v i l l e  River  d e l t a  and a zone o f  c o n c e n t r a t e d  

s e i s m i c  a c t i v i t y  i n  t h e  v i c i n i t y  o f  B a r t e r  I s l a n d  i n  t h e  s o u t h e a s t  quadran t  of 

t h e  l e a s e  s a l e  a r e a .  The e p i c e n t e r s  o f  r e p r e s e n t a t i v e  ea r thquakes  w i t h  

magnitudes o f  3.0 o r  g r e a t e r  i n  t h e  sale a r e a ,  as recorded by t h e  worldwide 

seismograph network through 1980 (Meyers, 1976a, and U.S. Geolog ica l  Survey,  

u n p u b l i s h e d ) ,  and by t h e  Canadian and by a l o c a l  se i smograph ic  network i n  

n o r t h e a s t  Alaska from 1968 t o  1977 (Biswas and Gedney, 1978) are shown i n  

F i g u r e  24.  Biswas and Gedney conclude t h a t  t h e  a c t i v e  s e i s m i c  zone i n  t h e  

v i c i n i t y  o f  B a r t e r  I s l a n d  is a n o r t h e a s t e r n  e x t e n s i o n  o f  t h e  c e n t r a l  Alaska 

seismic zone.  S e i s m i c - r e f l e c t i o n  d a t a  on t h e  e a s t e r n  Alaskan Beaufor t  s h e l f  

s u g g e s t  f u r t h e r  t h a t  t h e  ea r thquakes  are a s s o c i a t e d  w i t h  Q u a t e r n a r y  movement 

on t h e  Camden and Marsh detachment a n t i c l i n e s  and r e l a t e d  s t r u c t u r e s  i n  

n o r t h e a s t e r n  Alaska and a d j a c e n t  o f f s h o r e .  

The magnitudes of measured ea r thquakes  n e a r  B a r t e r  I s l a n d  range from less 
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t h a n  1.0 t o  a  maximum o f  5.3. Consequently,  s t r u c t u r e s  des igned f o r  use  i n  

o i l  and g a s  e x p l o r a t i o n  and development i n  t h e  s o u t h e a s t e r n  p o r t i o n  o f  t h e  

l e a s e  sale area shou ld  be able " t o  w i t h s t a n d  ground v i b r a t i o n s  cor responding  

t o  t h o s e  from a  s h a l l o w  ear thquake  (less t h a n  20 km) o f  a t  least magnitude 

6.0" (Biswas and Gedney, 1978). S t u d i e s  by Thenhaus and o t h e r s  (1982) on 

s e i s m i c  h o r i z o n t a l  ground motion i n  Alaska and a d j a c e n t  o f f s h o r e  a r e a s  

i n d i c a t e  t h a t  t h e r e  is a 90 p e r c e n t  p r o b a b i l i t y  t h a t  ground a c c e l e r a t i o n s  w i t h  

maximum v a l u e s  of 4.0-5.0 p e r c e n t  o f  g r a v i t y  w i l l  no t  be exceeded,  and a 10 

p e r c e n t  p r o b a b i l i t y  t h a t  t h e y  w i l l  be exceeded, i n  50 y e a r s  i n  t h e  s o u t h e r n  

h a l f  o f  t h e  l e a s e  s a l e  a r e a .  An i s o s e i s m a l  map, modified from Meyers (1976b) ,  

showing p r o j e c t e d  maximum i n t e n s i t i e s  o f  major e a r t h q u a k e s  o c c u r r i n g  i n  and 

n e a r  Alaska between 1786 and 1974 is shown i n  F i g u r e  25. According t o  t h e  

p r o j e c t i o n s  on t h i s  map, t h e  s o u t h e a s t e r n  p o r t i o n  o f  t h e  l e a s e  s a l e  a r e a  has  

been exposed t o  ea r thquakes  o f  low t o  moderate i n t e n s i t y  (111 t o  V I I  on t h e  

twe lve-s tep  Modified M e r c a l l i  S c a l e ) .  

Shal low g a s  

Shal low f r e e  gas has  accumulated i n  s e v e r a l  g e o l o g i c  environments  benea th  

t h e  s h e l f  and s l o p e  o f  t h e  wes te rn  Beaufor t  and n o r t h e a s t e r n  Chukchi Seas .  I n  

some c a s e s  t h i s  g a s  may i n d i c a t e  t h e  p resence  o f  n a t u r a l  g a s  d e p o s i t s  i n  

under ly ing  sed imenta ry  s t r a t a  ( thermogenic  o r i g i n ) .  I n  o t h e r  c a s e s  t h e  gas 

may o r i g i n a t e  i n  s u r f i c i a l  sediment a s  a p roduc t  o f  b a c t e r i a l  metabolism o f  

o r g a n i c  c o n s t i t u e n t s  ( b i o g e n i c  o r i g i n ) .  Wherever i t  o c c u r s ,  sha l low free g a s  

must be cons idered  a p o t e n t i a l  e n g i n e e r i n g  hazard t o  pet roleum e x p l o r a t i o n  o r  

development s t r u c t u r e s  founded on t h e  seabed .  Such g a s  can i n h i b i t  t h e  normal 

c o n s o l i d a t i o n  of accumulat ing sed iment ,  l e a d i n g  t o  abnormally low s h e a r  

s t r e n g t h s .  I n  a d d i t i o n ,  g a s  c o n c e n t r a t e d  i n  o v e r p r e s s u r e d  pocke t s  might c a u s e  

blowouts d u r i n g  d r i l l i n g .  

High c o n c e n t r a t i o n s  o f  sha l low g a s  have been mapped i n  s c a t t e r e d ,  

i s o l a t e d  areas o f  t h e  i n n e r  s h e l f  and i n  a r a t h e r  con t inuous  band at o r  near 

t h e  head o f  t h e  l a n d s l i d e  t e r r a n e  near  t h e  s h e l f  break from h i g h - r e s o l u t i o n  

(Uniboom) seismic r e f l e c t i o n  p r o f i l e s  ( F i g .  1 9 )  . Varying g a s  c o n c e n t r a t i o n s  

are d i s t i n g u i s h a b l e  on t h e s e  r e c o r d s  as a c o u s t i c a l l y  " t u r b i d n  i n t e r v a l s ,  i n  

which normal ly  s t r o n g  r e f l e c t o r s  are hazy o r  comple te ly  wiped out .  

D e l i n e a t i o n  of t h e  zones mapped i n  F i g u r e  19 depends on t h e  assumption t h a t  

t h e  degree  t o  which a r e f l e c t i o n  r e c o r d  is degraded o r  "turbid1'  is a f u n c t i o n  

of how much f r e e  gas is p r e s e n t  i n  t h e  bubble  phase.  Ambiguity arises where 

r e c o r d s  have been degraded due t o  s t r o n g  s h i p  motion d u r i n g  s torms.  I n  a few 
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a r e a s  h igh g a s  c o n c e n t r a t i o n s  a r e  marked no t  by t u r b i d  i n t e r v a l s ,  b u t  by 

prominent r e f l e c t o r s  t h a t  commonly e x h i b i t  r e v e r s e d  p o l a r i t y  (Boucher and 

o t h e r s ,  1981). Such r e f l e c t o r s  occur  where g a s  h a s  accumulated benea th  a 

r e l a t i v e l y  impermeable s t r a t u m ,  t h u s  enhancing t h e  a c o u s t i c  impedence c o n t r a s t  

a t  t h e  base  o f  t h e  s t r a t u m .  

On t h e  middle  and i n n e r  s h e l f  h igh c o n c e n t r a t i o n s  o f  sha l low gas a r e  most 

commonly a s s o c i a t e d  wi th  bur ied  P l e i s t o c e n e  d e l t a  and channe l  sys tems ,  and 

w i t h  a c t i v e  f a u l t s  o v e r l y i n g  n a t u r a l  g a s  s o u r c e s .  A d d i t i o n a l  pocke t s  p robab ly  

occur  w i t h i n  and beneath  pe rmaf ros t  v e r y  n e a r  s h o r e ,  but  d a t a  t o  s t u d y  t h i s  

t y p e  o f  occur rence  are s p a r s e . ,  Beneath  t h e  o u t e r  s h e l f  and c o n t i n e n t a l  

s l o p e ,  s h a l l o w  g a s  is c o n c e n t r a t e d  i n  two, p robab ly  r e l a t e d ,  environments .  I t  

is  though t  t o  u n d e r l i e  a l a r g e  body o f  g a s  h y d r a t e  ( s e e  s e c t i o n  on Gas 

Hydra tes  be low) ,  and a l s o  o c c u r s  a lmos t  u b i q u i t o u s l y  a t  t h e  head of t h e  

l a n d s l i d e  t e r r a n e  on t he  ou te rmos t  s h e l f  and upper s l o p e .  A s  t h i s  t e r r a n e  

l i e s  j u s t  i n s h o r e  and upd ip  from t h e  g a s  h y d r a t e  s h e e t ,  it seems l i k e l y  t h a t  

t h e  g a s  h e r e  h a s  migrated from benea th  t h e  h y d r a t e s .  

Gas h y d r a t e  

Gas h y d r a t e s  ( s o l i d s  composed o f  l i g h t  g a s e s  caged i n  t h e  i n t e r s t i c e s  of 

an expanded ice c r y s t a l  l a t t i c e )  are s t a b l e  and have widespread o c c u r r e n c e  

under t h e  low t e m p e r a t u r e  and r e l a t i v e l y  h igh  p r e s s u r e  c o n d i t i o n s  p r e v a i l i n g  

w i t h i n  t h e  uppermost 300 t o  more t h a n  700 m o f  sediment  benea th  t h e  

c o n t i n e n t a l  s l o p e  and ou te rmos t  s h e l f  o f  t h e  B e a u f o r t  Sea  where w a t e r  d e p t h s  

exceed a b o u t  300 m. The h y d r a t e ,  t h e  gas component o f  which c o n s i s t s  mos t ly  

o f  methane i n  submarine s t r a t a ,  t e n d s  t o  cement t h e  sed iment ,  somewhat 

i n c r e a s i n g  its s e i s m i c  v e l o c i t y  and c r e a t i n g  a zone o f  reduced p e r m e a b i l i t y  

t h a t  t r a p s  f r e e  g a s  a t  i ts base .  Gas h y d r a t e  is  widespread i n  t h e  a r e a  o f  

s a l e  87 ( F i g .  19) ,  but  t h e y  do no t  o c c u r  i n  wa te r  as s h a l l o w  a s  t h e  200-foot 

i s o b a t h  sugges ted  as an o p e r a t i n g  l i m i t  by t h e  N a t i o n a l  Pet roleum Counci l  

(1981).  Se i smic  r e f l e c t i o n  d a t a  i n d i c a t e  t h a t  l a r g e  amounts of f r e e  g a s  

accumulated benea th  t h e  impermeable g a s  h y d r a t e  ( F i g .  2 0 ) .  The p resence  o f  

t h i s  f r e e  g a s  and t h e  danger  t h a t  t h e  h y d r a t e  may decompose and r e l e a s e  l a r g e  

q u a n t i t i e s  of methane and perhaps  o t h e r  hydrocarbon gases dur ing  d r i l l i n g  pose  

a s u b s t a n t i a l  p o t e n t i a l  haza rd  t o  e x p l o r a t o r y  d r i l l i n g  i n  t h i s  e x t e n s i v e  a r e a  

of  s a l e  87. However, t h e  pet roleum i n d u s t r y ,  p a r t i c u l a r l y  i n  t h e  Canadian 

A r c t i c ,  h a s  a c q u i r e d  c o n s i d e r a b l e  e x p e r i e n c e  i n  coping w i t h  gas h y d r a t e  i n  

bore  h o l e s .  The r e s o u r c e  p o t e n t i a l  o f  t h e  g a s  h y d r a t e  and u n d e r l y i n g  f r e e  gas 

are c o n s i d e r e d  i n  t h e  s e c t i o n  on Pe t ro leum P o t e n t i a l ,  above.  
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Overpressured s h a l e  

Numerous d i a p i r i c  f o l d s  d i s r u p t  t h e  sediments  and,  i n  p l a c e s ,  t h e  

s e a f l o o r  beneath  t h e  c o n t i n e n t a l  slope and rise east o f  146%. long  ( F i g .  

4 ) .  These f o l d s  a r e  i n t e r p r e t e d  t o  be cored by s h a l e  because  t h e y  appear  t o  

be a westward e x t e n s i o n  o f  t h e  s h a l e - d i a p i r  p rov ince  o f  t h e  wes te rn  Canadian 

Beaufor t  s h e l f .  S h a l e  d i a p i r i s m ,  t h e  r e s u l t  o f  lower d e n s i t y  i n  t h e  s h a l e  

s e c t i o n  t h a n  i n  t h e  o v e r l y i n g  s t r a t a  due t o  incomple te  dewate r ing  of t h e  

s h a l e ,  is an i n d i c a t i o n  o f  o v e r p r e s s u r i n g  w i t h i n  t h e  s h a l e .  T h i s  c o n d i t i o n  

may pose a d r i l l i n g  hazard throughout  t h e  d i a p i r i c  f o l d  p rov ince .  

Permaf ros t  

P r i o r  t o  abou t  10,000 y e a r s  ago, d u r i n g  t h e  last  g l a c i a l  s e a - l e v e l  

lows tand ,  t h e  p r e s e n t  Beaufor t  and Chukchi s h e l v e s  were exposed s u b a e r i a l l y  t o  

frigid t e m p e r a t u r e s ,  and ice-bonded permaf ros t  probably  formed i n  t h e  

sed iments  t o  d e p t h s  exceed ing  300 m. Ref looding o f  t h e  s h e l f  exposed t h e s e  

sed iments  t o  s a l i n e  wa te r  a t  t empera tu res  above t h e  f r e e z i n g  p o i n t  and much of  

t h e  pe rmaf ros t  t e r r a n e  has  probably  warmed and remel ted .  

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  dep th  t o ,  and t h i c k n e s s  

o f ,  r e l i c t  pe rmaf ros 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  f a r ,  Sellman and 

Chamberlain (1979) r e p o r t  t h a t ,  i n  t h i s  area, t h e r e  a r e  t h r e e  obv ious  groups  

o f  s e i s m i c  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  degree  o f  i c e -  

bonding i n  t h e  sed iments .  F u l l y  ice-bonded permaf ros t  wi th  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  than  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-• i s o b a t h  t h a t  

a r e  o v e r l a i n  by bot tom-fas t  ice 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 permaf ros t  l i e s  a t  h i g h l y  v a r i a b l e  d e p t h s  as g r e a t  

as s e v e r a l  hundred meters beneath  t h e  s e a  f l o o r .  The ice-bonded permaf ros t  is 

o v e r l a i n  i n  t h i s  a r e a  most ly  by m a t e r i a l s  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 are taken  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  

vary ing  p r o p o r t i o n s  o f  unfrozen pore  water. M a t e r i a l s  w i t h  v e l o c i t i e s  l e s s  

t h a n  2.2 km/sec a r e  s p a r s e  and assumed t o  be 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  pe rmaf ros t  on t h e  c o a s t a l  and o u t e r  

s h e l f  is unknown, t h e  base  o f  Holocene marine sed iments  on t h e  Beaufor t  s h e l f ,  

contoured i n  figure 22,  p r o v i d e s  a p robab le  minimum dep th  t o  i t s  upper s u r f a c e  

t h e r e .  This is s o  because  it is u n l i k e l y  t h a t  pe rmaf ros 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 t e r  t h e  rise i n  sea 

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 permaf ros t  i n  
30 



t h e  uppermost sediments beneath t h e  Holocene sediment "wedgen was probably 

melted o r  p a r t i a l l y  melted down t o  unknown depths .  Depending on such 

parameters  as pore water, s a l i n i t y ,  o r i g i n a l  t h i cknes s ,  and temperature  6f t h e  

s u b a e r i a l  permafrost ,  and t h e  i n s u l a t i n g  e f f e c t  o f  t h e  Holocene muds, f u l l y  

ice-bonded permafrost may o r  may not  be encountered a t  depth o f f sho re .  Where 

i t  e x i s t s ,  c a r e  must be taken t o  avoid mel t ing  beneath 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  and wi th in  frozen i n t e r v a l s  encountered i n  d r i l l i n g .  

Permafrost might occur l o c a l l y  i n  t h e  Chukchi Sea. Ice-bonded 

permafrost  is known t o  occur  i n  Elson Lagoon, which connects  with t h e  

Beaufort  Sea j u s t  e a s t  of P o i n t  Barrow, but none was found i n  t h e  Chukchi 

Sea 705 m from shore near  Barrow (Osterkamp and Harr i son ,  1980). Nearshore 

permafrost is most l i k e l y  t o  occur i n  a r e a s  where c o a s t a l  e ro s ion  is  

r a p i d .  Because t h e  r a t e s  of c o a s t a l  e ros ion  a r e  t y p i c a l l y  lower i n  t h e  

Chukchi Sea than i n  t h e  Beaufort  Sea ,  permafrost may not be as common i n  t h e  

Chukchi Sea (Harper,  1978). The most complete eva lua t ion  of t h e  p o s s i b l e  

occurrence of  subsea permafrost i n  t h e  Chukchi Sea was by Osterkamp and 

Harr ison (1980) ,  who s t r e s s e d  t h e  u n p r e d i c t a b i l i t y  o f  its occurrence a t  any 

s p e c i f i c  l o c a l i t y .  

Po l a r  i c e  pack 

The seasona l  freeze-thaw cyc l e  a long  t h e  coas t  s t a r t s  with t h e  

formation o f  r i v e r  and s e a  i c e  dur ing  l a t e  September. By t h e  end of 

December t he  s ea  i c e  is commonly 1 m t h i c k ,  and i t  th i ckens  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 ap id  

onland thawing, and r i v e r  flow is i n i t i a t e d  which f l oods  t h e  as-yet  unmelted 

sea ice off  r i v e r  mouths. Much of t h e  lagoonal  and open-shelf f a s t  i c e  

i n s i d e  t he  10-m contour  melts, wi th  l i t t l e  accompanying movement, by t h e  

middle o f  J u l y .  The ice-melt  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  t h e  i n f l u x  of  w a r m  r i v e r  water .  The remaining sea 

ice cont inues  t o  melt and r e t r e a t s  o f f sho re  through t h e  completion of t h e  

c y c l e  i n  l a t e  J u l y ,  August, and e a r l y  September. 

The win te r  ice canopy ove r ly ing  t h e  s h e l f  can be divided (F ig .  27)  i n t o  

t h r e e  broad c a t e g o r i e s  (Reimnitz and o t h e r s ,  1977): 1 )  Seasonal  f l o a t i n g  

f a s t  i c e  and bottom-fast ice o f  t h e  i n n e r  s h e l f ,  2) a b recc i a t ed  shea r  

(stamukhi) zone con ta in ing  grounded i c e  ridges t h a t  mark t h e  zone of  

i n t e r a c t i o n  between t h e  s t a t i o n a r y  f a s t  i c e  and t h e  moving po la r  pack, and 

3) t h e  polar pack of  new and multi-year floes 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 ce - i s l and  fragments t h a t  a r e  i n  almost cons t an t  
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motion.  The d e e p e s t  i c e  k e e l  t h a t  h a s  been measured i n  t h e  A r c t i c  b a s i n  had 

a d r a f t  of 47 m. The g e n e r a l  d r i f t  o f  t h e  pack on t h e  Beaufor t  s h e l f  is 

westward under t h e  i n f l u e n c e  o f  t h e  c l o c k w i s e - r o t a t i n g  P a c i f i c  Gyre. 

P a t t e r n s  o f  pack-ice movement i n  t h e  Chukchi Sea d u r i n g  t h e  s p r i n g  and 

summer have been r e p o r t e d  by Colony (1979) ,  P r i t c h a r d  (1978) ,  and S h a p i r o  

and Barry  (1978) .  These and o t h e r  workers a g r e e  i n  f i n d i n g  movement l a r g e l y  

t o  t h e  west  and n o r t h ,  excep t  fo r  some southward movement d u r i n g  t h e  

s p r i n g .  Cons iderab le ,  but  e p i s o d i c  southward movement toward and through 

Ber ing  S t r a i t  o c c u r s  d u r i n g  t h e  w i n t e r  and e a r l y  s p r i n g  (Ahlnas and Wendler, 

1979; S h a p i r o  and Burns ,  1975) .  

The f a s t - i c e  zone is composed mos t ly  o f  s e a s o n a 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 and 20 m i s o b a t h .  By t h e  end of w i n t e r ,  ice 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  a r e a s .  I n  e a r l y  w i n t e r  t h e  l o c a t i o n  o f  

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 is c o n t r o l l e d  predominant ly  by t h e  l o c a t i o n  o f  major c o a s t a l  

promontor 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 long  t h i s  boundary and a r e  s t a b i l i z e d  by grounding.  S l i p p a g e  

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 

grounded 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  appears  t o  e x i s t  between major r i d g e  sys tems of  t h e  Starnukhi 

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  downdri f t  o f  major  c o a s t a l  

promontor ies .  These s h o a l s ,  which absorb  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  a r c t i c  w i n t e r ,  appear  t o  have migrated shoreward up t o  400 

m over  t h e  las t  25 y e a r s .  

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 the 10- and 50-m i s o b a t h s .  I n  some p l a c e s  t h e  e x t e n t  

o f  s h o r e f a s t  ice may be d e f l e c t e d  seaward by f u t u r e  a r t i f i c i a l  s t r u c t u r e s .  

Ice Gouging 

Ice moving i n  response  t o  wind, c u r r e n t ,  and pack i c e  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 gouges which 

are found from n e a r  s h o r e  o u t  t o  wa te r  about  60 m deep ( F i g .  28). 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 i c e  k e e l s  is a s e r i o u s  

t h r e a t  t o  s 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  B e a u f o r t  Sea (Barnes  and Reimni tz ,  1974; Reimnitz and 

32 



Barnes,  1974; Reimnitz and o t h e r s ,  1978; Rearic  and o t h e r s ,  1981). Here 

gouges a r e  gene ra l l y  o r i en t ed  p a r a l l e l  t o  shore  and commonly range from 0.5 

t o  1 m deep. However, gouges c u t  t o  a depth of 5.5 m have been measured 'on 

t h e  o u t e r  s h e l f .  When first formed, t h e  gouges may be cons iderab ly  

deeper .  High gouge d e n s i t i e s  a r e  common wi th in  t h e  stamukhi zone and along 

t h e  s t e e p  seaward f l a n k s  of topographic  highs.  Inshore  of t h e  stamukhi 

zone, seasona l  gouges may be abundant,  but  can be smoothed over dur ing  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 Reimnitz,  1979).  

Rates  of gouging inshore  o f  t h e  p r o t e c t i v e  stamukhi zone have been measured 

a t  1 t o  2 percent  of  t h e  s e a  f l o o r  per  year  (Reimnitz and o t h e r s ,  1977; 

Barnes and o t h e r s  1978).  The product of  maximum i c e  gouge i n c i s i o n  depth 

( D ~ ~ ~ ) ,  maximum width of i c e  gouges (pax), and gouge dens i ty  per  k i lometer  

i n t e r v a l  ( Z ) ,  here c a l l e d  i c e  gouge i n t e n s i t y  ( I ) ,  is considered t h e  bes t  

s i n g l e  measure of  t h e  s e v e r i t y  of  t h e  process ,  and has  been contoured i n  

F igure  28. 

Information on o r i e n t a t i o n ,  d e n s i t i e s ,  depth of gouging and r a t e s  of  

gouging is a s  ye t  very l i m i t e d  f o r  t h e  Chukchi Sea nearshore reg ion ,  

Limited da t a  show sho re -pa ra l l e l  i c e  gouges from depths  of  2 m t o  

approximately 9 m near  Barrow; seaward of  t h e  9 m i soba th  i c e  gouge 

o r i e n t a t i o n  is v a r i a b l e .  A s  i n  t h e  Beaufort  Sea ,  t he  d e n s i t y  of i c e  gouging 

i n d i c a t e s  a seaward i n c r e a s e  i n  gouging wi th in  t h e  stamukhi zone a t  depths  

of 10 t o  20 m .  Rex (1955) r e p o r t s  t he  g r e a t e s t  d e n s i t y  o f  gouging between 6 

t o  24 m west o f  Barrow. The i n c i s i o n  depth of i c e  gouging varies from l e s s  

than 1 m i n  shal low reg ions  southwest of Barrow t o  a maximum of  3.8 m west 

o f  Barrow (Rex, 1955) ,  t o  4.5 q a t  38 m depth i n  t h e  Chukchi Sea (Barnes and 

Hopkins, 1978). The r a t e s  of  i c e  gouging a r e  unknown f o r  t h i s  c o a s t a l  

reg ion  but could be expected t o  range from 1 t o  2 percent  of t h e  s e a  f l o o r  

gouged annual ly ,  as repor ted  f o r  t he  nearshore Beaufort  s h e l f  (Barnes and 

o t h e r s ,  1980). 

Oceanographic regime and c u r r e n t s  

Beaufort  Sea - The o v e r a l l  movement of water on t h e  s h e l f  o f f  nor thern  

Alaska is toward t h e  west. This  n e t  t r a n s p o r t  is s h o w  by s u r f a c e  and 

bottom d r i f t e r s  r e l ea sed  a t  var ious  times (Barnes and Toimil ,  1979; Barnes 

and others ,  1977; Matthews, 1981a), al though a t  least  i n  the  e a s t e r n  s e c t o r  

su r f ace  d r i f t  t o  t he  east may a t  times dominate (Fig.  26). On t h e  i nne r  

s h e l f ,  t h e  oceanographic regime is s t r o n g l y  in f luenced  by winds and t h e  
3 3 



presence  o r  absence o f  i c e ,  I n  most p a r t s  o f  t h e  i n n e r  s h e l f ,  sub- ice  

c u r r e n t  v e l o c i t i e s  are less t h a n  2 cm seem1 (Matthews, 1981b).  However, 

where t h e  t i d a l  pr ism is c o n s t r i c t e d  by i c e  growth and i n  i n l e t  c h a n n e l s ,  

v e l o c i t i e s  up t o  25 crn s sc - '  have been recorded .  Along t h e  o u t e r  s h e l f  

edge,  s l o p e - p a r a l l e l  c u r r e n t  p u l s e s  w i t h  v e l o c i t i e s  up t o  50 crn see" and 

w i t h  both  e a s t e r l y  and w e s t e r l y  d i r e c t i o n s  have been measured. 

Chukchi Sea - t i d a l  c u r r e n t s ,  wave-generated and wind-generated 

c u r r e n t s ,  and t h e  o f f s h o r e ,  s h o r e - p a r a l l e l  Alaska C o a s t a l  Cur ren t  modify t h e  

s e a  f l o o r  a l o n g  t h e  e a s t e r n  Chukchi Sea  by e r o s i o n  and t r a n s p o r t a t i o n  o f  

sediment  as m i g r a t i n g  bedforms. The n e a r s h o r e  c u r r e n t s  a r e  g e n e r a t e d  mos t ly  

by winds ,  and t h e  o f f s h o r e  r e g i o n  is  dominated by n o r t h e a s t - d i r e c t e d  s to rm 

c u r r e n t s  and by t h e  nor theas t - f lowing  Alaska C o a s t a l  Cur ren t  ( F i g .  26) .  

The t i d e s  a r e  small i n  t h e  Chukchi S e a ,  and t h e  t i d a l  r ange  a l o n g  t h e  

e a s t e r n  c o a s t  is g e n e r a l l y  l e s s  t h a n  30 cm. The t i d e s  a r e  of t h e  

s e m i d i u r n a l  t y p e  (Creager ,  1963; Wiseman and o t h e r s ,  1973).  The t i d a l  wave 

moves from n o r t h  t o  s o u t h  i n  t h e  Chukchi Sea (Coachman and Aagaard, 1974) .  

Tide-generated c u r r e n t s  can be expected t o  be o f  l i m i t e d  v e l o c i t y  a l o n g  t h e  

open c o a s t .  Within  lagoons and embayments, however, t ide -genera ted  c u r r e n t s  

are r e p o r t e d  up t o  204 cm sec- '  w i t h i n  t h e  t i d a l  passes  e a s t  o f  Barrow (Rex, 

1955). Similar v e l o c i t i e s  can be expec ted  w i t h i n  t h e  t i d a l  p a s s e s  a long  t h e  

Chukchi Sea .  

Storms d u r i n g  t h e  summer months u s u a l l y  r e s u l t  i n  winds from t h e  

southwest  which move a c r o s s  t h e  Chukchi Sea .  The maximum f e t c h  t h e n  

deve lops  a c r o s s  t h e  open water (Wiseman and Rouse, 1980). The r e s u l t i n g  

s torm waves and s torm-generated c u r r e n t s  may e rode  and s c o u r  t h e  s e a  f loor  

as w e l l  as r e s u l t  i n  i n t e n s e  sediment t r a n s p o r t  on t h e  s h e l f  and on t h e  

s h o a l s .  

Wind-generated c u r r e n t s  a r e  ex t remely  v a r i a b l e  bo th  i n  v e l o c i t y  and i n  

d i r e c t i o n  o f  movement w i t h i n  t h e  n e a r s h o r e  r e g i o n  (Wiseman and Rouse, 

1980).  The predominant summer winds are from t h e  n o r t h e a s t ,  g e n e r a t i n g  

n e a r s h o r e  c u r r e n t  v e l o c i t i e s  of 4 t o  20 cm sec- '  (Huf ford ,  1977). The wind- 

g e n e r a t e d  c u r r e n t s  g e n e r a l l y  f o l l o w  t h e  bottom c o n t o u r s  (Wiseman and o t h e r s ,  

1974) .  D a i l y  v a r i a t i o n s  i n  c u r r e n t  d i r e c t i o n  a r e  r e p o r t e d  f o r  t h e  n e a r s h o r e  

r e g i o n  (Wiseman and Rouse, 1980).  

The Alaska C o a s t a l  Cur ren t  r e p r e s e n t s  a n o r t h e a s t  f lowing  "warmv1 water 

mass d e r i v e d  from t h e  Ber ing  Sea ( P a q u e t t e  and Bourke, 1972; Coachman and 

o t h e r s ,  1976). The c u r r e n t  v a r i e s  i n  wid th  and can be a s  narrow as 20 t o  37 
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km (Aagaard and Coachman, 1964; Hufford,  1977).  A t  t h e  few times and p l a c e s  

where t h e y  have been measured, t h e  v e l o c i t i e s  of t h e  c o a s t a l  c u r r e n t  vary 

from 50 cm sec-'  n e a r  Cape L isburne  (Sharrna, 1979) t o  51 t o  87 cm sec-I  

s o u t h  o f  I c y  Cape (Ingham and Rut land ,  1972) ,  t o  55 cm set-' n o r t h  of 

Wainr ight  (Huf ford ,  1977).  To t h e  nor thwes t  o f  Wainr ight  n e a r  t h e  Barrow 

Submarine Canyon head west of t h e  Alaska C o a s t a l  C u r r e n t ,  a  r e t u r n i n g  

sou thwes t -d i rec ted  c u r r e n t  is r e p o r t e d  w i t h  s u r f a c e  v e l o c i t i e s  of 80 cm 

sec" (Huf ford ,  1977) .  The southwest- f lowing c u r r e n t  is poor ly  d e f i n e d  i n  

s p a c e  and time. Large c lockwise  r o t a t i n g  s p i r a l  c u r r e n t s  a r e  r e p o r t e d  west 

o f  Barrow (Solomon and Ahlnas,  1980) and may r e p r e s e n t  i n t e r a c t i o n  between 

t h e  Alaska C o a s t a l  Cur ren t  and t h e  westward-flowing c u r r e n t  o f  t h e  Beaufor t  

Gyre. 

Storm s u r g e  e f f e c t s  

Although t h e  l u n a r  t i d e  range a l o n g  t h e  Beaufor t  c o a s t  i n  Alaska is 

l e s s  t h a n  0.5 m ,  low baromet r ic  p r e s s u r e s  and very  s t r o n g  w e s t e r l y  winds 

p r e v a i l i n g  d u r i n g  e x c e p t i o n a l  s to rms  can c a u s e  s to rm s u r g e s  up t o  over  3 rn 

h i g h e r  t h a n  mean sea l e v e l .  B a r r i e r  i s l a n d s ,  a r t i f i c i a l  i s l a n d s ,  s t a n d a r d  

o f f s h o r e  d r i l l i n g  p l a t f o r m s ,  and c o a s t a l  f a c i l i t i e s  up t o  1 km i n l a n d  may be 

f looded  d u r i n g  such  storms, which occur  p r i m a r i l y  d u r i n g  t h e  f a l l .  I n  

a d d i t i o n ,  t h e  ex t remely  s t r o n g  c u r r e n t s  moving a c r o s s  t h e  i n n e r  s h e l f  d u r i n g  

t h e  waxing and waning o f  t h e s e  s u r g e s  deep ly  e rode  c o a s t a l  b l u f f s  and i s l a n d  

s h o r e l i n e s ,  deepen t h e  channe l s  between b a r r i e r  i s l a n d s ,  and can be expected 

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

i s l a n d s .  Major onshore  i c e  movements may be a s s o c i a t e d  w i t h  t h e  storm- 

r e l a t e d  s e a l e v e l  changes and may a l s o  be damaging t o  n e a r s h o r e  s t r u c t u r e s .  

P e r s i s t e n t  n o r t h e a s t  winds and l a r g e  open-water a r e a s  can deve lop  i n  

t h e  Beaufor t  Sea  i n  l a t e  summer and e a r l y  f a l l .  Although sea l e v e l  is 

lowered w i t h  t h e s e  winds,  t h e y  c r e a t e  l a r g e  seas and s w e l l s  which r e s u l t  i n  

c o a s t a l  e r o s i o n  and r e t r e a t  of as much as 50 m i n  one season .  

Storm s u r g e s  pose an e r o s i o n a l  hazard as w e l l  as a f lood  hazard  t o  

c o a s t a l  areas o f  t h e  Chukchi Sea as well as the  B e a u f o r t  Sea .  S e v e r a l  

s to rm s u r g e s  have caused s e v e r e  c o a s t a l  e r o s i o n  a t  Barrow d u r i n g  t h e  l a s t  

s e v e r a l  decades  (Hume and S c h a l k ,  1967) .  Observa t ions  of s p i n d r i f t  l i n e s  

and other f e a t u r e s  along t h e  Chukchi Sea coast; s o u t h  o f  Barrow (Hopkins and 

Hartz, 1978; Hopkins and o t h e r s ,  1979) s u g g e s t  t h a t  s to rm s u r g e s  a r e  n o t  

r e s t r i c t e d  t o  t h e  v i c i n i t y  of Barrow b u t  r a t h e r  occur  a l o n g  t h e  e n t i r e  
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Chukchi S e a  c o a s t .  Storm s u r g e s  r e a c h  as h i g h  as 3 t o  3.5 m above sea l e v e l  

a t  Barrow and e l sewhere  a l o n g  t h e  Chukchi Sea  c o a s t  (Aagaard,  1978; Hopkins 

and H a r t z ,  1978). Storm s u r g e s  o f  t h i s  h e i g h t  c a u s e  e x t e n s i v e  overwash 

a c r o s s  t h e  b a r r i e r s .  

C o a s t a l  e r o s i o n  

C o a s t a l  the rmokars t  e r o s i o n  and b a r r i e r  i s l a n d  m i g r a t i o n  w i l l  be a 

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

C o n s t r u c t i o n  o f  causeways and mining of b a r r i e r  i s l a n d s  f o r  sand and g r a v e l  

w i l l  r e q u i r e  a thorough p r i o r  u n d e r s t a n d i n g  o f  n e a r s h o r e  sed imenta ry  

p r o c e s s e s  and t he  o r i g i n  o f  t h e  sand and g r a v e l  i n  t h e  i s l a n d s .  

The c l i f f  s e c t i o n s  of c o a s t l i n e  a long  t h e  Chukchi Sea  were formed by 

e r o s i o n ,  b u t  rates of c l i f f  r e t r e a t  a r e  n o t  n e c e s s a r i l y  h i g h  enough a t  t h e  

p r e s e n t  t ime  t o  pose a s e r i o u s  hazard  ( F i g .  27 ) .  The b a r r i e r s  and s p i t s ,  i n  

c o n t r a s t ,  a r e  d e p o s i t i o n a l  f e a t u r e s ,  b u t  t h e y  a r e  no t  n e c e s s a r i l y  s t a b l e  o r  

undergoing f u r t h e r  growth a t  t h e  presen t  time. Some o f  t h e  b a r r i e r s  a r e  

known t o  be m i g r a t i n g  landward by e r o s i o n  on t h e i r  seaward s i d e s ,  overwash 

a c r o s s  t h e i r  c r e s t s ,  and d e p o s i t i o n  on t h e i r  l a g o o n a l  s i d e s ,  

R ive r  overf low and s t r u d e l  s c o u r  

The y e a r l y  s p r i n g  f l o o d i n g  of v a s t  expanses  o f  f a s t  i c e  on t h e  i n n e r  

s h e l f  i n  t h e  A r c t i c ,  and t h e  o f t e n  v i o l e n t  d r a i n i n g  o f  t h e s e  f l o o d w a t e r s  

th rough  t h e  i c e ,  r e s u l t  i n  t h e  fo rmat ion  o f  l a r g e  s c o u r  c r a t e r s ,  c a l l e d  

s t r u d e l  s c o u r s  (Reimni tz  and Bruder ,  1972; Reimni tz  and o t h e r s ,  1974) .  

S t r u d e l  s c o u r s  commonly are 15 t o  25 m i n  d i a m e t e r ,  over  4 m deep ,  and a r e  

cons ide red  by i n d u s t r y  t o  be t h e  most s e v e r e  t h r e a t  t o  p i p e l i n e s  i n  s h a l l o w  

w a t e r  r e g i o n s .  Regions s o  a f f e c t e d  a r e  shown i n  F i g u r e  26.  The sudden 

impulse  o f  r i v e r  w a t e r  i n t e r a c t i n g  w i t h  a sub- ice  o i l  s p i l l  would r e s u l t  i n  

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

Suspended sediment  

Water c l a r i t i e s  a r e  g e n e r a l l y  h i g h e s t  below t h e  w i n t e r  i c e  c o v e r ,  and 

are c o n s i d e r a b l y  h i g h e r  i n  Chukchi c o a s t a l  waters t h a n  i n  t h e  B e a u f o r t  

Sea. Water c l a r i t y  cou ld  be  reduced by c o n s t r u c t i o n  a c t i v i t i e s ,  which may 

s e r v e  t o  resuspend p a r t i c u l a t e  matter. T h i s  would have a d i r e c t l y  a d v e r s e  

e f f e c t  on t h e  p r o d u c t i v i t y  of b e n t h i c  communities on t h e  sea f l o o r  and sub- 

i c e  s u r f a c e s .  
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Recent o b s e r v a t i o n s  show t h a t  s t r o n g  winds o c c u r r i n g  d u r i n g  i n i t i a t i o n  

of f reeze -up  on t h e  s h e l f  produce l a r g e  volumes o f  s l u s h  i c e  ( f r a z i l )  on t h e  

sea s u r f a c e  together w i t h  a heavy l o a d  o f  resuspended sediment  caused by 

s to rm wves. Conge la t ion  of t h i s  sediment- laden slush i n t o  s o l i d  ice  d u r i n g  

the  w i n t e r  r e s u l t s  i n  a v e r y  t u r b i d  i c e  canopy t h a t  is opaque t o  s u n l i g h t .  

The water column below this dirty ice a l s o  remains  turbid t h r o u g h  most of 

t h e  w i n t e r .  Dur ing t h e  following summer t h e  d a r k  i c e  a b s o r b s  more s o l a r  

r a d i a t i o n  t h a n  t h e  normal ly  c l e a n  f a s t  i c e ,  and t h e r e f o r e  b reaks  up 

s o o n e r .  The consequences  o f  t h e  fo rmat ion  o f  s l u s h  i c e  i n  t h e  f a l l  and its 

e f f e c t  on i c e  s t r e n g t h ,  b i o l o g i c a l  a c t i v i t y ,  sediment  t r a n s p o r t ,  and s p i l l e d  

o i l ,  are s t i l l  p o o r l y  unders tood .  
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A R C T I C  

A L A S K A  

Figure 2 ,  Most northerly ( N ) ,  most southerly ( s ) ,  a n d  median ( M )  p o s i t i o n  o f  the 
southern edge of the A r c t i c  i c e  pack north of Alaska during t h e  usual period of 
maximum r e t r e a t ,  September 1 6  t o  30, based on data from 1954 through 1970 ( a f t e r  
Brower and  o thers ,  1 9 7 7 ) .  



Fi  gure 3 .  General i zed strati graphy of northern A1 as ka and adjacent Beaufort she1 f . 
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- 2 - Structural contour, two-way seismic - Diapiric shale ridge 
reflection time, in seconds 

Syncline 

Barrow arch 

.-. Hinge line. Dots on downwarped side, - Roo+Iess rotational-slump anticline hochures on downthrown side 
where faulted + Anticline 
I Normal fault. Hachures on downthrown 

side 

Figure 4 .  Structural geologic map o f  areas o f  proposed oi l  and gas lease sale 87 
covered by U.S. Geological Survey seismic-reflection data  (see F i g .  1 ) .  All 



A A Crossing of diopiric fold. Open symbol - Approximote south limit of Tertiary rocks 
shows possibly diapiric brood fold. 

.---200--. Isobaths, 60, 200, and 2000m 

Datum chonge 

CA Comden anticline - Approximate north limit of pre-Pebble MA Marsh anticline 
shale unit Ellesmerian rocks DSB Dernorcation subbasin 

BSB Barter ~slond subbasin - Local north limit of Pebble shale unit 

l i n e s  dashed where inferred o r  projected. Onshore data  west o f  C o l v i l l e  R i v e r  
from Miller and others (1979) .  



FIgure  5 .  Genera l i zed  average s e i s m i c - r e f l e c t i o n  t ime  as  a f u n c t i o n  o f  
depth far! Beaufor t  she1 f, der ived  from seismic-stacking-velocf  t y  
measurements. 







SOUTHWEST BARROW ARCH BEAUF-T SHELF NORTHEAST 

6 A R C T I C  P L A T F O R M  

Cn 
P F i g u r e  8. Northeast-southwest reg1 ona7 geo log ic  s e c t l o n ,  based on s e i  smic-ref1  e c t f  on prof f  1 es across 

Barrow arch I n  t h e  nor theas te rn  Chukchi Sea. Pp€, lower  Paleozoic o r  Precambrian bedded rocks;  Fr, 
Franklin4 an sequence; E ,  E l l e s m e r i a n  sequence; Lk, Uk, "Pg" and "Ng" a r e  Lower Cretaceous,  Upper , 

Cretaceous,  Pal eo m e ( ? )  and ~ e o g e n e ( ? )  sedimentary rocks. Numbers a r e  sonobuoy v e l o c i t i e s  i n  h l s .  9 See F i g u r e  1 f o r  oca t ion .  





Figure 10. CDP seismf c - re f1  ec t l on  prof11 e 1783, a d l  p I I n e  across r l  f t e d  cont inenta l  rnargi n northwest o f  
Point  Barrow. Note r l f t e d  edge o f  A r c t i c  p la t fo rm,  breakup u n c o n f o m i t y  (Bu) ,  f a u l  t e d  subsidence hinge 
l i n e ,  deep Nuwuk bastn seaward o f  hjnge I f n e ,  and growth f a u l t s  beneath ou te r  s h e l f .  I n f e r r e d  acoust ic  
u n f t s :  QTs, Quaternary and upper ~ e r t i a r y ( ? )  c l a s t i c  sedimentary rocks; Ts, T e r t i a r y  and poss ib l y  Upper 
Cretaceous c l a s t f c  sedimentary rocks; Ktc, Torok Formatlon (A lb ian  f o r e s e t  beds), and C o l v i l l e  Group 
(Upper Cretaceous) and poss ib l y  T e r t l a r y  c l a s t i c  sedimentary rocks; Kps, probably t h e  Pebble shale u n i t  
(Hauter iv fan  t o  Barremian bottom-set beds),  poss ib l y  inc ludes  bottom-set beds o f  basal p a r t  o f  Torok 
Formation (Albfan);  Ks, Lower and Upper Cretaceous c l a s t i c  sedimentary rocks o f  Nuwuk basln; S O f ,  i n -  
f e r red  submarine-fan deposi ts  t e n t a t i v e l y  c o r r e l a t e d  w i t h  Ordov ic ian  and S i l u r i a n  mar ine a r g i l l  i t e  and 
graywacke o f  subsurface nor thern A1 aska ; Pzp€s , upper ~ r e c a m b r i a n ( ? )  and 1 ower Pal  eozoic bedded, pre- 
sumable sedimentary rocks.  See Ffgure 1 f o r  l o c a t i o n  o f  p r o f i l e .  
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F i g u r e  14. CDP s e i s m i c - r e f 1  e c t i o n  p r o f i  1  e  724 a c r o s s  Camden a n t i c 1  i ne, a 1  a r g e  e a s t - n o r t h e a s  t - s t r i  k i n g  de-  
tachment  f o l d  o f f  Camden Bay. F o l d  i s  f n f e r r e d ,  f r om discordance between h o r i z o n  A and h i g h e r  beds, t o  be 
detached n e a r  4 s  i s o c h r o n .  H o r i z o n  A i s  e s t i m a t e d  by  r o u g h  projection from onshore  t o  be n e a r  base o f  
T e r t i a r y  s e d i m e n t a r y  r o c k  u n i t  Ts.  H o r i z o n  0 may be a t  t o p  o f  a  t h i n  sequence o f  Lower Cre taceous bot tom-  
s e t  s h a l e  beds t h a t  p o s s i b l y  o v e r 1  i es t h e  J u r a s s i c  and Lower Cre taceous  K ingak S h a l e  ( K J ~ ) .  U n i t  Ks may 
be Cre taceous m a r i n e  sed imen ta ry  r o c k s .  See F i g u r e  1 f o r  l o c a t i o n  o f  p r o f i l e .  



U Ln Y I V  m 
0) mTJ 0 V) 
-a- L rn 
'+no L 
w 3% h3 
Crn L 9  
I u r n  
U C . F c ,  
- 6 L E w  
E--- a 3  
InCrcrEl- - 5 lo- 
U u - m  .- 
v, L W  aJ vr 

rn m Y  

& E X  QI; 
O m  L c 

0 -  
tnu L h 

r n ~  I 4~ -- w E m 
7 cl 

Q, Q A-  c 
C t Z  E PI 
3 w m l a f  
CI, 
'F 

L 



Petroleum province. See Table 1 for - 60 - Isobath, in meters - province names 

m 200 ft isoboth. Current limit 
. Boundaries of Physiographic provinces of petroleum operations (National 

seaward of shelf break. Selected Petroleum Council, 1981 ) 
provinces highlighted by patterns - Structural shelf break 

.- Approximate north limit of pre-Pebble 
shale unit Ellesrnerian rocks 

F i g u r e  16. Petroleum provfnces o f  proposed o i l  and gas l e a s e  s a l e  87. (see Tab le  1 
f o r  names of provinces) .  The N a t i o n a l  Petroleum Counci 1 (~ecember ,  1981 ) e s t i  - 
mates t h a t  proven technology and s u f f i c i e n t  i n f o r m a t i o n  and t e c h n i c a l  e x p e r t i s e  



--a Hinge line. Dots on downwarped side, ,+ Syncline 
dashed where projected - Normal fault. Hachures on 
downthrown side 

,+, Anticline 

A A Crossing of diap~ric fold. Open symbol 
shows possibly diapiric broad fold - Diapiric shale ridge (shale-cored 
anticline), dashed where inferred -+- 

ex is t  t o  allow petroleum operations out t o  about the 200- foot  Isobath on t h e  Beau- 
fort and northeast Chukchi shelves.  
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Figure 1 7 .  Generalized s t r a t i g r a p h i c  column beneath the  Arctic coastal plain o f  

northern Alaska, showing position o f  oil  and gas pools and o f  strong shows o f  

oil and gas encountered in t e s t  wells. (Data from Alaska Geological Society, 
1971, and 1972; BrosgC and Tailleur, 1971; Jones and Speers, 1976; Jamison 
and others, 1980; and industry announcements. 
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Figure 19. D l a p i r s ,  shallow f r e e  gas  concentrations. depths t o  base o f  natural gas  hydrate, 
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and area p o s s i b l y  under la in  by overpressured sha le  o f f s h o r e  o f  nor thern  A laska .  
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A R C T I C  O C E A N  

F i g u r e  21 . 'Textural character of surf ic ia l  sediments on t h e  Alaskan Beaufort and northeast Chukchi shelves.  
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Figure  24. Holocene f a u l t s  , earthquake epf centers,  and s t r u c t u r a l  axes on t h e  c o n t l  nen ta l  rnargf n nor th  of  
Alaska. 



Flgure 25.  Isosei smal map o f  northern A1 as  ka showing p r o j e c t e d  maximum Mod1 f i ed 
Mercall i i n t e n s i t i e s  o f  major earthquakes through 1974 (modf fi ed from Meyers , 
1976b). 
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Figure 26.  Current  p a t t e r n s  a n d  regions o f  strudel scour on t h e  Alaskan Beaufo r t  and n o r t h e a s t  Chukchi 
s he1 ves . 
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~ i g u r e  28. The i c e  gouge i n t e n s i t y  o f  t he  Alaskan Beaufor t  and no r theas t  Chukchi shelves. Ice  gouge i n -  
t e n s i t y  i s  a product o f  maximum gouge i n c i s i o n  depth, r n a x i m i m  gouge width,  and gouge densi ty  per k i l o -  
meter o f  s h i p ' s  t r a c k .  


