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SUMMARY 

Th i s  r e p o r t  p rovides  a pre l iminary  assessment of t h e  r e g i o n a l  geology, 

petroleum p o t e n t i a l ,  environmental  geology, and technology f o r  development of 

p o s s i b l e  o i l  and gas i n  t h a t  s e c t i o n  of t h e  sou theas t e rn  Bering Sea, known as t h e  

Northern Aleut ian  She l f ,  and proposed a s  OCS Lease Sale a r e a  #75, This summary 

r e p o r t  i s  i n  response t o  a reques t  by t h e  D i r e c t o r ,  Bureau of Land Management. 

Underlying a  l a r g e  p o r t i o n  of c o n t i n e n t a l  s h e l f ,  no r th  of t h e  Alaska peninsula 

i s  a sed iment - f i l l ed  s t r u c t u r a l  dep res s ion  known a s  t h e  B r i s t o l  Bay basin.  The 

sedimentary d e p o s i t s  of part  of t h e  bas in  f i l l  a r e  exposed on t h e  no r the rn  f r i n g e  

of t h e  Alaska Peninsula .  This basin t r e n d s  northeastward from t h e  Alaskan penin- 

s u l a  and about f o u r f i f t h s  of i t  l i e s  o f f sho re  beneath t h e  f l a t  Bering Sea s h e l f .  

Th i s  e longa te  s t r u c t u r a l  sag i s  approximately 760 km by 320 km (475 x 200 mi.) 

and encompasses a n  a r e a  of about  246,050 sq. km (95,000 sq. m i ) .  The bas in  i s  

asymmetr ical  i n  c r o s s  s e c t i o n ;  t h e  basement rock of t h e  northwest  f l a n k  d i p s  

g e n t l y  toward t h e  bas in  a x i s ,  but t h e  sou theas t  f l a n k  of fo lded  J u r a s s i c  rock i s  

s t e e p l y  i n c l i n e d ,  probably f a u l t e d ,  and c rops  out  i n  the nor the rn  f o o t h i l l s  of 

t h e  Alaska Peninsula .  The basin's sedimentary s e c t i o n ,  more t h a n  6000 m (20,000 

ft) t h i c k ,  i s  composed c h i e f l y  of Cenozoic d e p o s i t s ;  t hey  are t h i c k e s t  i n  t h e  

sou theas t  p o r t i o n  of t h e  basin.  

The n o r t h e a s t  end of B r i s t o l  Bay bas in  i s  bounded by exposures  of h i g h l y  

deformed, l o c a l l y  i n t r u d e d ,  metamorphosed Pa leozoic  and Mesozoic rocks. To t h e  

southwes t ,  t h e  b a s i n  i s  d e l i n e a t e d  by t h e  o f f s h o r e  ex t ens ion  of t h e  Black 
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H i l l s ,  a n  a n t i c l i n a l  s t r u c t u r e  composed of J u r a s s i c  sedimentary rocks. South 

of t h e  t h e  basin, economic basement c o n s i s t s  mainly of Mesozoic and Cenozoic 

volcanic and p l u t o n i c  u n i t s  t h a t  form t h e  core  of t h e  Alaska Peninsula .  To 

t h e  no r th ,  beneath t h e  Bering s h e l f ,  "acoustic" basement (as reso lved  on 

geophys ica l  r eco rds )  f l o o r i n g  t h e  bas in  probably comprises Mesozoic 

sedimentary,  vo lcan ic ,  metamorphic and c r y s t a l l i n e  rocks. 

The bas in  probably began t o  form i n  l a t e  Mesozoic t ime and t h e  formed i n  

p a r t  by t h e  subsidence of basement rocks of Mesozoic and o l d e r  age t h a t  were 

p a r t  of a  vo lcanic-p lu tonic  a r c  complex t h a t  extended from southern  Alaska i n t o  

t h e  Bering Sea s h e l f  and margin. The bas in  cont inued t o  subs ide  and f i l l  wi th  

sediment throughout the  Cenozoic. 

Nine we l l s  have been d r i l l e d  on the  Alaska Peninsula  a d j a c e n t  t o  t h e  a x i s  

of B r i s t o l  Bay basin.  Although a l l  t h e  w e l l s  a r e  e f f e c t i v e l y  dry  h o l e s ,  a  

number of o i l  and gas shows were reported.  Data from t h e s e  w e l l s  sugges t  t h a t  

t h e  most p rospec t ive  a r e a  f o r  hydrocarbons i s  the  southwestern,  o f f sho re  

p o r t i o n  of B r i s t o l  Bay bas in  between P o r t  Moller and Amak Island. No wells 

have been d r i l l e d  of fshore .  The sou theas t e rn  h a l f  of t h e  b a s i n  a l s o  con ta ins  

t h e  t h i c k e s t  Cenozoic sediment;  t h e  s e c t i o n  he re  may have t h e  g r e a t e s t  

p o t e n t i a l  f o r  p rospec t ive  source  and r e s e r v o i r  rocks. Some of t h e  Mesozoic 

basement rocks  beneath t h e  bas in  may a l s o  be petroleum source  o r  r e s e r v o i r  rocks. 

S t r u c t u r a l  and s t r a t i g r a p h i c  t r a p s  a s s o c i a t e d  wi th  t h e  f a u l t e d ,  

s o u t h e a s t e r n  edge of B r i s t o l  Bay b a s i n  are p o s s i b l e  t a r g e t s  f o r  exp lo ra t ion .  

These t r a p s  a r e  mainly ant ic l ina l  s t r u c t u r e s  i n  t h e  Cenozoic sequence c h a t  

formed by draping  and d i f f e r e n t i a l  compaction of s t r a t a  over  e r o s i o n a l  and 

block-faul ted h ighs  developed w i t h i n  the  basement complex. S t r a t i g r a p h i c  

pinch-outs may have developed w i t h i n  marine and nonmarine t r a n s g r e s s i v e  
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sequences i n  t h e  c e n t r a l  a r e a  of t h e  basin. 

A p re l imina ry  resource  a p p r a i s a l  sugges t s  t h a t  t h e r e  i s  a 5% p r o b a b i l i t y  

t h a t  2.3 b i l l i o n  bb l  of o i l  and 5.8 t r i l l i o n  cu. f t .  of gas  and a 95% 

p r o b a b i l i t y  t h a t  <.l bb l  and <.l t r i l l i o n  cu. f t .  of gas  may be p re sen t  i n  t he  

basin.  However, i t  i s  unknown a t  t h i s  t ime whether hydrocarbon d e p o s i t s  of 

commercial s i ze  occur  i n  the  basin.  

Major p o t e n t i a l  geo-environmental hazards  i n  t h e  Northern Aleut ian  Shelf 

a r e a  inc lude  f a u l t i n g  and ear thquakes ,  s ea  f l o o r  i n s t a b i l i t y  due t o  sediment 

e r o s i o n ,  t r a n s p o r t ,  and depos i t i on ,  vo lcan ic  a c t i v i t y ,  and i c e .  T i d a l  e f f e c t s  

i n  some bays and e s t u a r i e s  may be hazardous. Great ear thquakes  (magnitude 

g r e a t e r  t han  8 on t h e  R ich te r  s c a l e )  have occurred a long  t h e  nearby Aleut ian  

a r c  and Alaska Peninsula  south  of t h e  basin. Smaller ear thquakes occur  west 

of t h e  b a s i n  between t h e  peninsula  and t h e  P r i b i l o f  I s l ands .  The magnitude of 

ground motion genera ted  by t h e s e  shocks i s  unknown. 

Tsunami (ear thquake)- ,  t ide- ,  and s t o m i n d u c e d  waves a f f e c t  sediment 

movement i n  t h e  a rea .  The p h y s i c a l  p r o p e r t i e s  ( s t a b i l i t y ,  e t c . )  of t h e  

s u r f i c i a l  sediment a r e  unknown, a t  p re sen t  and t h e i r  r o l e  as p o s s i b l e  hazards  t o  

manlnade s t r u c t u r e s  has  not  been evaluated.  

The Northern U e u t i a n  Shelf  i s  bounded on t h e  sou th  by t h e  v o l c a n i c a l l y  

a c t i v e  Alaska Peninsula  and t h e  e a s t e r n  Aleu t i an  I s lands .  Hazards from vo lcan lc  

a c t i v i t y  are a s s o c i a t e d  wi th  t h e  e r u p t i o n  of lava  and a s h  ( exp los ive  a c t i v i t y )  

and a t t e n d a n t  ear thquakes.  These f o r c e s ,  i nc lud ing  ground motion from ear thquakes ,  

may a f f e c t  man-made s t r u c t u r e s  as w e l l  as d i s t u r b i n g  p re -ex i s t i ng ,  u n s t a b l e  

sediment depos i t s .  

During the  co lde r  months t h e  reg ion  i s  i n  p a r t  covered wi th  i c e ;  the  

average  t h i c k n e s s  of t h i s  sea i c e  i s  1 t o  1.5 m. Most of t h e  i c e  i s  mobile,  

a l t hough  s t a t i o n a r y  i c e ,  i n  s h e e t s  1-2 m t h i c k  and as wide a s  80 km, forms 
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along t h e  s h o r e l i n e  of t h e  Bay. Man-made s t r u c t u r e s  could be a f f e c t e d  by ice-  

ramming and bottom scouring.  

INTRODUCTION 

Location of OCS Area 

The a r e a  wi th  which t h i s  r e p o r t  i s  concerned lies nor th  of t h e  Alaska Peninsula  

and south of a l i n e  between Cepe Newenham and the P r i b i l o f  I s l a n d s  ( F i g s .  1 and 

Z) ,  from Kvichak Bay, it extends southwestward a long  t h e  no r the rn  s i d e  of t h e  

Alaska Peninsula  toward the edge of t h e  c o n t i n e n t a l  s h e l f .  The a r e a  of t h e  

bas in  i s  approximately 246,050 sq.  Icm. (Figs.  1  and 2;  Hat ten,  1971). The base- 

ment morphology of t h e  basin i s  asymmetrical i n  c r o s s  s ec t ion .  The f l a n k s  of 

t h e  bas in  are def ined  by a basement s u r f a c e  t h a t  d i p s  gently northwestward and a 

s t e e p l y  i n c l i n e d  sou theas t e rn  f l a n k  t h a t  crops out i n  t h e  no r the rn  f o o t h i l l s  

of t h e  Alaska Peninsula  (Burk, 1965; Hat ten ,  1971; Brockway and o t h e r s ,  1975). 

Approximately 80% of t h e  bas in  l i e s  o f f s h o r e  in water depths g e n e r a l l y  l e s s  t han  

60 m. 

Ava i l ab l e  Data 

During t h e  last t e n  yea r s  t h e r e  has  been a g r e a t  deal of e x p l o r a t i o n  a c t i v i t y  

w i t h i n  t h e  e a s t e r n  Bering Sea. The bulk of the r e s u l t i n g  data a r e  p r o p r i e t a r y  

and not  p u b l i c l y  a v a i l a b l e .  Since 1965 t h e  U. S. Geologica l  Survey has  c o l l e c t e d  

more t han  6000 km of geophysical  da ta  from t h e  sou the rn  Bering Sea s h e l f  (Fig.  

3) 860 km of 24 channel  s e i smic - r e f l ec t ion  profiles recorded i n  1976 a c r o s s  t h e  

o f f s h o r e  p o r t i o n  of t h e  basin.  

Other  p u b l i c  d a t a  i nc lude  a s e r i e s  of s i x  bathymetr ic ,  magnetic,  and 

g rav ime t r i c  c h a r t s  of a smal l  area west of t h e  southern  Alaska Peninsula ;  

t h e s e  c h a r t s  a r e  a v a i l a b l e  from the  Nat iona l  Ocean Survey, D i s t r i b u t i o n  

Div is ion ,  C4411, Riverdale, Maryland 20840 (Geophysics maps: 1711N-17G, 
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Figure 4.  Genera l ized  geology of western Alaska,  Alaska Peninsula ,  and 
e a s t e r n  S i b e r i a .  Onshore geology is modified from Burk (19651, 
Yanshin ( 1966) , and Be i h a n  ( 1974). Off shore o u t l i n e s  of subshe l f  
r i d g e s  and b a s i n s  a r e  de r ived  from Figure 9. Dotted open c i r c l e s  
i n d i c a t e  si tes where J u r a s s i c  (J r )  and Cretaceous (K) sedimentary 
socks were dredged f r o m  t h e  c o n t i n e n t a l  s l o p  (Marlow and o t h e r s ,  
1979b, V a l l i e r  and o t h e r s ,  1980a) . Albers  equal-area p ro j ec t i on .  



T e r t i a r y  age. For example, t h e  o l d e s t  exposed rocks i n  t h e  southern  Alaska 

Peninsula  a r e  Upper J u r a s s i c  s i l t s t o n e  and sandstone of t h e  Naknek Formation 

(Burk, 1965). The westernmost exposure of t h e s e  rocks i s  i n  t h e  Black H i l l s  

border ing  t h e  southern  Bering s h e l f  (Fig.  4). These shal low water rocks s t r i k e  

west toward t h e  sou the rn  Bering shelf  a r e a  and a r e  p a r a l l e l e d  t o  t h e  no r th  by a 

b e l t  of J u r a s s i c  g r a n i t i c  rocks  (F ig .  4 ;  Burk, 1965). 

Cretaceous and o l d e r  Mesozoic geosync l ina l  rocks of southwest Alaska 

t r end  southwestward toward t h e  southern  Bering Sea s h e l f  (Fig .  4 ;  Payne, 1955; 

Hoare, 1961; Gates and Gryc, 1963; Pa t ton ,  1973). These complex a l lochthonous  

t e r r a n e s  are composed of d i v e r s e  sedimentary and igneous b e l t s  t h a t  a r e  

thought  t o  have been a c c r e t e d  as "micropla tes"  t o  n u c l e a r  Alaska dur ing  

Mesozoic and e a r l i e s t  Cenozoic time (Jones, 1978; Jones  and S i l b e r l i n g ,  1979). 

Fu r the r ,  deformed deep water  sedimentary rocks  of Cretaceous age  a r e  

exposed sou th  of t he  Alaska Peninsula  i n  t h e  Shumagin I s l a n d s  and are thought 

t o  be u p l i f t e d  former t r ench  and s l o p e  d e p o s i t s  a c c r e t e d  t o  the sou the rn  

Alaskan margin by l a t e  Mesozoic o r  e a r l i e s t  T e r t i a r y  t ime (Fig.  4;  Moore, 

1972, 19738, b, 1974). E a r l i e r  hypotheses f o r  t h e  e v o l u t i o n  of t h e  sou the rn  

Bering Sea margin inc luded  s p e c u l a t i o n s  t h a t  t h e s e  deformed rocks extend t o  

t h e  northwest  beneath the  sou the rn  Bering Sea margin (Burk, 1965; Moore, 1972, 

19731, b, 1974; Pa t ton  and o t h e r s ,  1974, 1976; Scho l l  and o t h e r s ,  1975; and 

Marlow and o t h e r s ,  1976a, 1977).  

Thus, t h e  s o u t h e a s t e r n  Bering Sea s h e l f  i s  a f o c a l  a r e a  f o r  a number of 

d i v e r s e  s t r u c t u r a l  t r e n d s  t h a t  converge on t h e  region. Unraveling t h e s e  t r e n d s  

and de termining  whether t hey  merge o r  t e rmina te  beneath t h i s  s e c t i o n  of t he  

s h e l f  may be an  exceedingly d i f f i c u l t  t a s k ,  but one t h a t  i s  c r i t i c a l  t o  o u r  

unders tanding  of t h e  e v o l u t i o n  of t h e  Bering Sea. 
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Ge o log i  c S e t t i n g  

Mesozoic Rocks 

The o l d e s t  rocks  exposed i n  the v i c i n i t y  of S t .  George, Amak, and ou te r  

B r i s t o l  Bay bas ins  a r e  Upper J u r a s s i c  s i l t s t o n e  and sandstone of t h e  Naknek 

Formation, which crop out i n  the  Black Hills of t h e  western end of t h e  Alaska 

Peninsula  ( ~ i g s .  4 ,  5; Burk, 1965). The Cathedra l  River  Unit 1 w e l l  spudded 

i n t o  t h e  Black Hills and d r i l l e d  t o  a t o t a l  depth of 4,359 m (14,301 f t . ) ;  t h e  

w e l l  r e p o r t e d l y  p e n e t r a t e d  T r i a s s i c  s t r a t a  (McLean, 1979). Rocks r e c e n t l y  

dredged from t h e  o u t e r  s h e l f  near  t h e  P r i b i l o f  I s l a n d s  and from t h e  

c o n t i n e n t a l  s lope  west of t h e  i s l a n d s  inc lude  f o s s i l i f e r o u s ,  gray-green 

vo lcan ic  sandstone of b t e  J u r a s s i c  age  (Fig. 4 ;  V a l l i e r  and o t h e r s ,  1980; 

Marlow and o t h e r s ,  1979a, b, 1980). 

L i t h i f i e d  mudstone, s i l t s t o n e ,  and sandstone of La te  Cretaceous age were 

dredged from a c o u s t i c  basement exposed i n  P r i b i l o f  Canyon a long  t h e  o u t e r  

Bering Sea margin (Fig. 4; S c h o l l  and o t h e r s ,  1966; Hopkins and o t h e r s ,  

1969). To t h e  northwest  n e a r  S i b e r i a ,  a r g i l l a c e o u s  l imes tone  and sandy 

s i l t s t o n e  in te rbedded  wi th  vo lcan ic  sandstone were dredged from t h e  

c o n t i n e n t a l  s lope  a long  t h e  Beringian margin. Both the l imes tone  and the 

s i l t s t o n e  con ta in  Campanian o r  Maes t r i ch t i an  (Late  Cretaceous)  p o l l e n  and 

spore  assemblages (Marlow and o t h e r s ,  1980). 

Ul t ramaf ic  basement rocks  a r e  s u b a e r i a l l y  exposed on St .  George I s l a n d  i n  

t h e  P r i b i l o f  Islands (Barth, 1956). These u l t r a m a f i c  bodies  c o n s i s t  of 

s e r p e n t i z e d  p e r i d o t i t e s  t h a t  a r e  i n t ruded  by a  g r a n d o d i o r i t e  d i k e  t h a t  has  

been da ted  r a d i o m e t r i c a l l y  and has a minimum age of 50 t o  57 m y .  (Hopkins and 

Silberman,  1978). We suspec t  t h a t  t h e  p e r i d o t i t e s  are Mesozoic i n  age and 

t h a t  t hey  e i t h e r  i n t r u d e  t h e  J u r a s s i c  basement rocks beneath t h e  P r i b i l o f  

I s l a n d s  o r  t h a t  they  may be a l lochthonous  blocks w i t h i n  the  basement 
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COMPOSITE COLUMNAR SECTION 

BRfSTOL BAY AND ALASKA PENINSULA REGIONS, ALASKA 

Volcanic6 300 m + rocks. 

fossiliferous, marine and nonmarlne. 

Bear Lake F'm (-1 sandstone and conglanerate with 
interbedded siltstone, mudstone, 
and coal, locally fossiliferous, 
marine and nonmarine, 

unga Conglomerate Sandstone, conglomerate,. thin mud- 
Member t'nnbu) stone, locally volcanically-derivedt 
Local unconformity locally fossiliferous. 

Stepovak Fm (Tos Volcanic sandstones and conglomerate 
and thick beds of black siltstone; 
all rock types locally carbonaceous 
With lignite seams in upper part of 
sequence: locally highly fossiliferoust 
Volcanic flows near base and rare sills 
throughout1 predominantly marine. 

neshik Fm (TCW Volcanic conglomerate, sandstone, 
volcanic breccia, andesitic-basaltic 
extrusive volcanic rocks and local 
siltstone or shale. Present at sut- 
face and in subsurface from Chignik 
Bay northeast to U g a s U  Lakes area; 
probably interfingers with Stepovak 
h. and upper part of Tolstoi F'm. 

Siltstone with interbedded volcanic 
sandstone, and conglamerate : flows, 
sills, volcanic breccia; nonmarine 
to brackish water environment, rare 
marine fossils, common plant remains 
and very abundant in lower part of 
sequence. 

Siltstone, silty shale, claystone with 
fine-grained sandstone. Black to dark 
grey color. Outer neritic to deep 
marine environment. 

Sandstone, siltstone, minor mudstone 
and conglmerate; shallow marine. 

Coal Valley Member Conglanerate, sandstone, coal; non- 
of Chignik Fm marine. 

Herendeen La (~hl) Calcarenite with abundant fnoceramus 
prima. 

Feldmpathic sandstone and arkose ,. 
(Jks) 610 m thin siltstone, locally abundant 

Buchiat ohallow marine environment. -- 
Naknek Fm (Jn) Claystone and siltstone, predominantly 

in upper part of unit; lower part 
consists largely of feldspathic 
sandatone with sane interbedded clay- 
stone, siltstone, and conglcmcrate; 
locally abundant and belemnites; 
shallow marine to neritic environment. 

chisik Conglanerate Pebble to boulder conglcwrate wnsist- 
xemkr (Jnc) 120 m in9 of largely granitic debris at base 

of Naknek F'm; crops out north of Wide 
say. 

siltstone arrd shale with lenses of 
limestoner marine fossils abundant. 

Sandstone, siltstone, conglmerate, 
marine environment. 

Siltstone, sandy siltstone, sand- 
stone, ash beds and abundant 
calcitic concretions: marine fossils. 

Kialagvik Fm (Jk) sandstone sandy shale and conglomerate, 
becanes more sandy near top of unit; 
marine fossils. 

Rare, small outcrops ~imestone,  chert, volcanic-rich rockst 
of Early Juxassic, crop out at Puale ~ay'northward. 

" 

Figure 5. Composite columnar section o f  s t r a t a  in the area of proposed 
l ease  s a l e  #75 and the Alaska Peninsula. ~ e r i v e d  from Burk (1965) 
and Brockway and o thers  (1975). 



complex. In t h i s  paper we w i l l  assume t h a t  t h e  se i smica l ly- reso lved  a c o u s t i c  

basement beneath t h e  southern  o u t e r  Bering Sea margin t h a t  flanks t h e  wes tern  

end of t h e  basin c o n s i s t s  mainly of i ndura t ed  sedimentary rocks of Mesozoic age. 

In t h e  v i c i n i t y  of Por t  Mol le r  a long  t h e  western end of t h e  Alaska 

Peninsula ,  t h e  Upper J u r a s s i c  t o  Lower Cretaceous Naknek and Sraniukovich 

Formations a r e  unconformably o v e r l a i n  by Upper Cretaceous rocks of t he  Chignik 

and Hoodoo Formations (Fig.  12, Burk, 1965). Middle Cretaceous strata are 

miss ing ,  probably a s  a r e s u l t  of deformation and u p l i f t  a long  the  Alaska 

Peninsula  i n  Middle t o  Late Cretaceous time (Burk, 1965). 

Cenozoic Rocks 

Cenozoic rocks exposed on t h e  Alaska Peninsula  i nc lude  assemblages 

r e p r e s e n t i n g  a l l  t h e  T e r t i a r y  epochs (Figs. 4,  5, 6; Burk, 1965). The only 

p a r t s  of t h e  T e r t i a r y  t h a t  may be missing i nc lude  t h e  Oligocene-Miocene 

t r a n s i t i o n  and t h e  e a r l y  Paleocene. According t o  Burk, t h e s e  were per iods  of 

u p l i f t ,  deformation,  and e r o s i o n  on the Alaska Pen insu la ,  a l though t h e  major 

u p l i f t  and formation of t h e  peninsula  took p l ace  dur ing  Pl iocene  time. 

Paleogene rocks on t h e  Alaska Peninsula  a r e  composed almost  entirely of 

v o l c a n i c l a s t i c  d e b r i s ,  con ta in ing  p r i n c i p a l l y  a n d e s i t i c  and basaltic v o l c a n i c  

components (Burk, 1965; McLean, 1979). These rocks ,  up t o  9 1 0 h  (30,000 f t . )  

t h l c k ,  a r e  both marine and non-marine; t h e i r  vo lcan ic  con ten t ,  which inc ludes  

both  d e t r i t a l  m a t e r i a l  as w e l l  as in te rbedded  flows, i n d i c a t e s  t h a t  volcanism 

w a s  ub iqu i tous  throughout t h e  peninsula  i n  t h e  e a r l y  Te r t i a ry .  Paleocene and 

Eocene rocks o v e r l i e  Upper Cretaceous s t r a t a  wi th  only  s l i g h t  d i scordance  and, 

l o c a l l y ,  lower T e r t i a r y  u n i t s  rest on rocks a s  o ld  as t h e  Late J u r a s s i c  (Burk, 

1965). Major Paleogene formations exposed on t h e  Alaska Peninsula  i nc lude  t h e  

T o l s t o i  (Paleocene o r  Eocene), t h e  Stepovak (Eocene(?) and Oligocene) ,  t h e  

Meshik (Oligocene) ,  and t h e  Belkofsk i  (Oligocene) Formations (Burk, -1965; 
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McLean, 1979). 

Neogene rocks exposed on t h e  Alaska Peninsula  i nc lude  marine and 

nonmarine v o l c a n i c l a s t i c  rocks ,  vo lcan ic  f lows,  and brecc ias .  The t h i c k e s t  

Neogene format ion  on t h e  peninsula ,  t h e  Bear Lake Formation, c o n s i s t s  of 1500 

m (5000 ft) of porous sandstones and conglomerates t h a t  a r e  in te rbedded  wi th  

s i l t s t o n e ,  mudstone, and c o a l  of middle and l a t e  Miocene age (Burk, 1965; 

Brockway and o t h e r s ,  1975; McLean, 1979). Unconformably over ly ing  t h e  Bear 

Lake Formation a r e  up t o  500 m (1500 f t )  of shal low marine t o  nonmarine 

sands tone ,  pebbly mudstone, and carbonaceous mudstone of t h e  T a l c h i l n i  

Formation, which i s  late Miocene t o  P l iocene  i n  age (Burk, 1965); the  

T a l c h i l n i  Formation has been mapped only i n  t h e  southwestern a r e a  of the  

Alaska Peninsula  i n  the  v i c i n i t y  of Cold Bay (Burk, 1965; McLean, 1979). 

Brockway and o t h e r s ,  (19751, i n  a  composite s t r a t i g r a p h i c  s e c t i o n  of t h e  

peninsula  and B r i s t o l  Bay, i n d i c a t e  t h a t  t h e  Bear Lake Formation i s  o v e r l a i n  

unconformably by the Milky River Formation, which c o n s i s t s  of more than  1000 m 

(300W')  of conglomerate,  sands tone ,  and mudstone t h a t  were depos i ted  i n  a 

sha l low marine environment (Fig. 5). Much of t h e  Alaska Peninsula  i s  capped 

by a r e l a t i v e l y  f l a t - l y i n g  s e c t i o n  of nonmarine c l a s t i c  rocks  t h a t  are poorly 

conso l ida t ed  and in te rbedded  wi th  vo lcan ic  f lows and b r e c c i a s  of P l e i s tocene  

and  Holocene age  (McLean, 1979). 

Cenozoic rocks  exposed on t h e  Alaska Peninsula  a r e  probably equ iva l en t  t o  

s t r a t a  t h a t  a r e  bur ied  beneath t h e  ad j acen t  Bering Sea s h e l f  w i th in  B r i s t o l  Bay 

basin  (Burk, 1965; Hat ten ,  1971) and St .  George bas in  (Marlow and o t h e r s ,  1976a, 

1977). 



STRUCTURAL FRAMEWORK AND EVOLUTION OF THE NORTHEN ALEUTIAN SHELF 

Seismic-Reflect ion Data 

P r o f i l e  AB 

A 24-channel s e i smic - r e f l ec t ion  p r o f i l e  shown i n  F igures  7 and 8 

i l l u s t r a t e s  the s p a t i a l  r e l a t i o n s h i p  of s e v e r a l  l a r g e  subshelf  f e a t u r e s  nea r  

t h e  Alaska Pen insu la ,  namely t h e  p o s i t i o n s  of Amak bas in ,  t h e  Black Kills 

r i d g e ,  and B r i s t o l  Bay b a s i n  ( f o r  l o c a t i o n ,  s e e  Fig. 3 ) .  Near the  c e n t e r  of 

the p r o f i l e ,  a t  a subbottom depth of about  1.0 s e c ,  moderately-dipping s t r a t a  

a r e  reso lved  w i t h i n  t h e  core of a basement r i dge ,  i n fo rma l ly  named t he  Black 

H i l l s  r i d g e  a f t e r  s i m i l a r d e f o r m e d  rocks exposed nearby i n  t h e  Black Hills of 

t h e  Alaska Peninsula .  Offshore,  t h e  equ iva l en t  s t r a t a  w i t h i n  t h e  Black Hills 

r i d g e  are c u t  by a major unconformiry shown by heavy line i n  F igure  7. The 

c u t t i n g  of t h i s  unconformity may be Cretaceous i n  age  because middle 

Cretaceous rocks are missing on t h e  nearby Alaska Peninsula  due t o  u p l i f t  and 

e r o s i o n  (Burk, 1965). The unconformity can be t r a c e d  a long  t h e  s e c t i o n  t o  t h e  

e a s t  i n t o  B r i s t o l  Bay bas in ,  where t h e  s u r f a c e  of t h e  unconformlty appears  t o  

grade i n t o  a d e p o s i t i o n a l  con tac t  w i t h  p a r a l l e l  r e f l e c t o r s  above and below i t  

(Figs.  7 and 8). If t h i s  r e f l e c t o r  i s  indeed Cretaceous i n  age,  t hen  t h e  

l a y e r e d  s t r a t a  beneath t h i s  hor izon  could be of t h e  same age o r  o lder .  Hence, 

t h e  i n i t i a l  format ion  and f i l l i n g  of t h e  bas in  could have begun by l a t e  

Mesozoic time. The same argument can be made for the d ipping  s t r a t a  near  the 

bottom of Amak b a s i n  a long  t h e  western end of the same p r o f i l e  (Fig.  7) .  We 

o r i g i n a l l y  speculated t h a t ,  because of t h e  enormous th i ckness  of sedimentary 

fill (> 10 km) i n  a number of basins beneath t h e  Bering Sea s h e l f ,  t h e  

i n i t i a l  format ion  of t h e s e  bas ins  may have occurred by the end of t h e  Mesozoic 

(Marlow and o t h e r s ,  1976a, 1977).  

A s  revea led  by t h e  n o r t h e a s t e r n  h a l f  of p r o f i l e  AB, B r i s t o l  Bay bas in  i n  
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A G S W  A M A K  BASIN 
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BLACK HlLLS RIDGE BAlSTOL BAY 8 A S l N  NE- R 

Figure 7 .  Interpretative drawing of 24 channel seismic-reflection prof i le  
across the southern Bering Sea shelf .  For location of profile see 
Figure 3 .  Two-way travel time i n  seconds. Kilometer scale is 
derived f r o m  velocity function explained i n  Figure 1 0 .  Detailed 
segment A'B' is shown i n  Figure 8 .  
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Figure 8 .  Twenty-four channel seismic-ref lect ion record used i n  constructing 
part of the interpretative drawing shown i n  Figure 7. 
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Figure 9 .  Interpretative drawing of 24 channel seismic-feflection prof i le  CD 
across Amak and Bristol  Bay basins. For location of prof i le  see 
Figure 3 ,  and for explanation see Figure 7 .  



See r e v e r s e  f o r  f i g u r e  

gure  10. S t ruc ture-contour  map of a c o u s t i c  basement. Derived i n  p a r t  from 
Scho l l  and o t h e r s  (1968), Scholl and Hopkins (19693, and Marlow 
and o t h e r s  (1976a, 1977) .  To conver t  two-way t r a v e l t i m e  on the 
se i smic - r e f l ec t ion  r eco rds  t o  depths  i n  k i lome te r s ,  g e n e r a l i z e d  
v e l o c i t y  f u n c t i o n  was used: 

D = 1.266t = 1.033t2 - 0.117t3 
where : 

D = Depth o r  t h i ckness  i n  k i lome te r s  
t = One-way t r ave l t ime .  

Th i s  func t ion  was de r ived  by f i t t i n g  a polynomial curve t o  
v e l o c i t y  d a t a  from 150 sonobuoy s t a t i o n s  i n  t h e  Bering Sea. The 
v e l o c i t y  f u n c t i o n  used h e r e  supersedes  t h e  curve publ i shed  by 
Marlow and o t h e r s ,  (1976a). 
Albers  equal-area p ro j ec t ion .  





of t h e  i n n e r  Bering Sea s h e l f  (Fig. 10, S c h o l l  and Hopkins, 1969; Marlow and 

o t h e r s  1976a). Nunivak a r c h  a p p a r e n t l y  ex tends  a s  f a r  e a s t  as 160°W, j u s t  

n o r t h  of B r i s t o l  Bay bas in  , a l though our  s e i smic - r e f l ec t ion  profiles a r e  

widely spaced e a s t  of 164'W (Fig. 3). 

B r i s t o l  Bay b a s i n  u n d e r l i e s  most of t h e  no r the rn  s i d e  of t h e  Alaska 

Peninsula ,  ex tends  o f f s h o r e  beneath t h e  ad j acen t  Bering Sea lowlands, and 

encompasses a t o t a l  a r e a  of more than  246,000 sq. km (Hat ten ,  1971). The 

o f f s h o r e  p o r t i o n  of the bas in  w e s t  of Po r t  Moller, as def ined  by t h e  1.5 km 

s t r u c t u r a l  contour ,  t o t a l s  18,900 sq. km (Fig. 10). A northeast-southwest  

s e i s m i c - r e f l e c t i o n  p r o f i l e  r e v e a l s  t h a t  t h e  t h i c k e s t  s e c t i o n  f i l l i n g  the b a s i n  

i s  i n  excess  of 7 km i n  t h e  v i c i n i t y  of P o r t  Moller ,  where a l a r g e  embayment 

i n  t h e  peninsula  may r e f l e c t  s u b s t a n t i a l  b a s i n  subsidence and sediment 

i n f i l l i n g  (Figs.  7,  8, and 10). Unlike St.  George bas in  which i s  a graben,  

B r i s t o l  Bay bas in  i s  s t r u c t u r a l l y  a c r u s t a l  sag o r  dep res s ion  beneath t h e  

s h e l f .  The upper sedimentary s e c t i o n  i n  B r i s t o l  Bay b a s i n  is  g e n t l y  d ipping  

t o  f l a t - l y i n g ,  and t h e  lower bas in  f i l l  i s  only  mi ld ly  folded and draped over  

basement blocks (F igs .  7 and 8). 

Located j u s t  n o r t h  of Unimak I s l a n d ,  Amak b a s i n ,  l i k e  B r i s t o l  Bay bas in ,  

i s  a g e n t l e  c r u s t a l  sag  o r  dep res s ion  beneath t h e  flat sou the rn  s h e l f  (F igs .  

7 ,  9 and 10).  The western  p a r t  of the  b a s i n  i s  an e longa te ,  narrow, sediment- 

f i l l e d  t rough t h a t  i s  de f ined  by t h e  3 km s t r u c t u r a l  contour  and t h a t  t r e n d s  

west p a r a l l e l  t o  t h e  Black H i l l s  r i dge ;  however, t h e  main depocenter  of t h e  

b a s i n  i s  c i r c u l a r  i n  shape and f i l l e d  wi th  s l i g h t l y  more than  f o u r  k i lome te r s  

of s ec t ion .  This sedimentary sequence i s  e i t h e r  f l a t - l y i n g  o r  d i p s  very  

g e n t l y  and i s  undeformed except where t h e  s t r a t a  are o f f s e t  by f o l d i n g  o r  high 

a n g l e  f a u l t i n g  on t h e  n o r t h e a s t  s i d e  of t h e  bas in  a long  f l a n k s  of t h e  Black 

Hills r i d g e  (F igs .  7 and 9). The e n t i r e  bas in  sequence laps on t o  t h e  Black 
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H i l l s  r i dge  except  f o r  t h e  upper f e w  hundred meters of s e c t i o n ,  which are 

f l a t - l y i n g  and probably r ep re sen t  a per iod  of r a p i d  sediment f l ood ing  a c r o s s  

t h e  e n t i r e  sou the rn  s h e l f  dur ing  P l e i s t o c e n e  time. 

Geologic H i s to ry  

B r i s t o l  Bay bas in ,  a s  a d i s t i n c t  s t r u c t u r a l  t rough,  probably began t o  

form i n  l a t e  Mesozoic t ime and has continued t o  subs ide  dur ing  most of 

Cenozoic time. On t h e  b a s i s  of s c a n t  p u b l i c l y  a v a i l a b l e  s e i smic - r e f l ec t ion  

d a t a  t h i s  bas in  i s  a n  e longa te  s t r u c t u r a l  s ag  t h a t  i s  asymmetrical i n  

c r o s s  s e c t i o n .  The no r the rn  f l a n k  of Mesozoic basement rock d i p s  g e n t l y  t o  

t h e  sou th  but t h e  southern  f lank i s  s t e e p l y  i n c l i n e d  and crops our i n  t h e  

n o r t h e r n  f o o t h i l l s  of t h e  Alaska Peninsula .  

The bas in  probably began t o  form i n  conjunct ion  wi th  t h e  formation of t h e  

Aleu t i an  I s l a n d  a r c  and t h e  " t rapping"  of a  p i ece  of P a c i f i c  oceanic  c r u s t  i n  

t h e  a d j a c e n t  a b y s s a l  Bering Sea a t  t h e  end of t h e  Mesozoic e r a  o r  i n  earliest 

T e r t i a r y  time (Scho l l  and o t h e r s ,  1975; Marlow and o t h e r s ,  1976a, b). The 

rocks beneath t h e  sediment f i l l  i n  B r i s t o l  Bay bas in  have subsided dur ing  much 

of Cenozoic t ime and t h e  bas in  now con ta ins  more than  6-8 km of sedimentary 

rock. The bas in  f i l l  onshore i n c l u d e s  vo lcan ic  rocks  of Oligocene age. 

Summary 

The r a t e  of subsidence of B r i s t o l  Bay basin has  approximately equaled t h e  

r a t e  of d e p o s i t i o n  s i n c e  l a t e  Mesozoic time. The maximum th i ckness  of 

sedimentary rock i n  t h e  deepest p a r t  of t h e  bas in  i s  not  we l l  known bu t  

probably exceeds 6 km and may be as thick as 8 km. The bas in  f i l l  does not  

appear  t o  be deformed except  l o c a l l y  nea r  t h e  southern  bas in  edge a long  the 

n o r t h e r n  sho re  of t h e  Alaska Peninsula .  

Most of the upper Mesozoic and Cenozoic sedimentary rock u n i t s  exposed 

onshore a long  t h e  Alaska Peninsula  probably e x i s t  o f f sho re  beneath t h e  south- 
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e a s t e r n  Bering Sea s h e l f .  The p o s i t i o n  of t h e  bas in  behind t h e  Aleu t i an  a r c  may 

have i s o l a t e d  i t  from t h e  numerous ep isodes  of volcanism and plutonism t h a t  

s u b s t a n t i a l l y  reduced t h e  petroleum p o t e n t i a l  of t h e  sedimentary sequences along 

the  Alaska Peninsula  (McLean, 1979). 

The n o r t h e a s t e r n  h a l f  of B r i s t o l  Bay b a s i n  con ta ins  as much as 3200 m of 

r e l a t i v e l y  f l a t - l y i n g  Cenozoic sedimentary rocks t h a t  i nc lude  marine and 

nonmarine sandstone,  s i l t s t o n e ,  s h a l e  u n i t s  and l o c a l  c o a l  seams. From P o r t  

Heiden northward, the Neogene sedimentary sequence generally o v e r l i e s  Jurassic 

g r a n i t i c  rocks  a l though l o c a l l y  i t  covers  vo lcan ic  rocks of Oligocene age. 

Southwest of P o r t  Heiden, t h e  under ly ing  Oligocene vo lcan ic  rocks  appear  t o  

grade i n t o  marine sedimentary f a c i e s  of Oligocene and Eocene age. In w e l l s  

d r i l l e d  sou th  and w e s t  of Por t  Moller,  Cenozoic sedimentary rocks  

unconformably o v e r l i e  marine sandstone,  s i l t s t o n e ,  and s h a l e  beds of Late  

J u r a s s i c  and Late Cretaceous age,  a r e l a t i o n s h i p  t h a t  may enchance t h e  

petroleum p o t e n t i a l  of t h e  o f f sho re  area between P o r t  Moller  and Amak 

Island. Of t h e  n ine  w e l l s  d r i l l e d  t o  d a t e  i n  the c o a s t a l  lowlands of B r i s t o l  

Bay a long  t h e  Alaska Pen insu la ,  t h e  f i v e  w e l l s  l oca t ed  south  and west of (and 

i n c l u d i n g )  t h e  Gulf Sandy River  well con ta in  the  b e s t  shows of o i l  and gas  

(Hat ten ,  1971; Brockway and o t h e r s ,  1975). A t h i c k  marine s e c t i o n  w i t h i n  t h e  

Miocene Bear Lake Formation may occur  i n  t h e  Por t  Moller a r e a  and a d j a c e n t  

o f f s h o r e  region. This i m p l i e s  t ha t  b e t t e r  sou rce  rocks may occur  i n  t h e  

southwest p o r t i o n  of B r i s t o l  Bay basin.  

PETROLEUM GEOLOGY 

Alaska Peninsula  and B r i s t o l  Bay Basin 

D r i l l i n g  Hi s to ry  

Since 1959, n i n e  wells have been d r i l l e d  along the nor the rn  c o a s t a l  

lowland a r e a  of the  Alaska Peninsula.  No w e l l s  have been d r i l l e d  o f f sho re  i n  
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t h e  basin.  For d e s c r i p t i v e  purposes,  t h e  w e l l s  are d iv ided  he re  i n t o  a no r the rn  

group of f o u r  w e l l s  t h a t  bottomed i n  vo lcan ic  o r  g r a n i t i c  rocks and a sou the rn  

group of f i v e  w e l l s  t h a t  bottomed i n  e i t h e r  T e r t i a r y  o r  Mesozoic sedimentary 

rocks. The no r the rn  group inc ludes  the General Petroleum Great Basins No. 1 and 

2, Great Basins Ugashik No. 1, and t h e  Gulf-Alaskco P o r t  Heiden No. 1 (Fig. 2 ) .  

The sou the rn  Group inc ludes  t h e  Gulf Sandy River Federa l  No. 1, Pan American 

Hoodoo Lake No. 1 and 2 ,  Pan American David River  No. 1-A, and t h e  Amoco Cathedra l  

River  No. 1  r rock way and o t h e r s ,  1975). 

In  t h e  no r the rn  group of w e l l s ,  t h e  t h i c k n e s s  of t h e  f l a t - l y i n g  T e r t i a r y  

sequence varies from about  1200 m t o  3350 m and c o n s i s t s  of in te rbedded  

nonmarine t o  shallow marine sands tone ,  s i l t s t o n e ,  c l ays tone  and c o a l  (Hatten, 

1971). G r a n i t i c  basement pene t r a t ed  by t h e  General Petroleum Great Basins No. 

1 and 2 w e l l s  has  been da ted  r a d i o m e t r i c a l l y  as approximately 177 m.y. o ld  

( l a t e  Ea r ly  J u r a s s i c ) .  Radiometric ages from the  vo lcan ic  sequence under ly ing  

t h e  f l a t - l y i n g  T e r t i a r y  sedimentary rocks i n  t h e  Gulf Po r t  Heiden and Grea t  

Basins  Ugashik w e l l s  range from 33+ - 1.5 t o  42 + 4 m.y. (Oligocene t o  l a t e  - 
Eocene) according t o  Eerggren (1969) and Brockway and o t h e r s  (1975). No 

s i g n i f i c a n t  shows of o i l  o r  gas have been r epor t ed  from t h e  no r the rn  group of 

wel l s .  To t h e  south  t h e  Gulf Sandy River  w e l l  encountered gas  a s s o c i a t e d  wi th  

coal i n  t h e  middle p a r t  of t h e  Miocene Bear Lake Formation between 1790 and 

1940 m. O i l  and gas shows were a l s o  encountered i n  t h e  b a s a l  sandstone beds 

of t h e  Bear Lake Formation and i n  t h e  Stepovak Formation (Brockway and o t h e r s ,  

1975). Shows of o i l  and gas were r epor t ed  from sandstone beds i n  the  Stepovak 

and  T o l s t o i  Formation i n  t he  Pan American Hoodoo b k e  No. 2 wel l .  However, no 

shows occurred  i n  t h e  Pan American Hoodoo Lake No. 1 w e l l ,  which pene t r a t ed  

2258 m of the Beat Lake for ma ti^^^ and 198 m of the  Stepovak Formation. In the 

Pan American David River  1-A w e l l ,  gas shows occurred i n  sandstone u n i t s  of 
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t h e  Bear Lake and Stepovak Formations. Add i t iona l  shows of o i l  and gas were 

r epor t ed  i n  t h e  T o l s t o i  Formation. D r i l l i n g  i n  t h e  same w e l l  revea led  one gas 

show i n  t h e  Chignik Formation a t  a depth of approximately 4175 m. 

The Amoco Cathedra l  River Unit 1 w e l l  was spudded into Jurassic rocks of  

the Xaknek Formation i n  the Black Hills near  t he  western t i p  of the Aiaska 

Peninsula  and reached a total depth of 4,359 rn (McLean, 1979). Cuttings from 

t h e  w e l l ,  which repor tedy  bottomed i n  T r i a s s i c  s t r a t a ,  were analyzed by McLean 

f o r  o rgan ic  carbon content .  The samples have a t o t a l  o rganic  con ten t  of l e s s  

t han  1% and were contaminated below 2,621 m. Pe t rog raph ic  examinat ions of 

sandstone ch ips  from t h e  w e l l  show no v i s i b l e  p o r o s i t y  i n  any part  o f  t h e  

s e c t i o n  (McLean, 1979). 

The th i ckness  of the flat-lying Cenozoic sedimentary sequence and t h e  

l i t h o l o g y  of t h e  under ly ing  basement rocks a r e  t h e  p r i n c i p a l  f a c t o r s  a f f e c t i n g  

t h e  p o t e n t i a l  of o f f sho re  o i l  and gas accumulat ions i n  t h e  a d j a c e n t  B r i s t o l  

Bay basin.  Thickness i s  important  i n  t h a t  source  rocks must a t t a i n  a b u r i a l  

depth  where tempera tures  a r e  h igh  enough t o  gene ra t e  s u b s t a n t i a l  q u a n t i t i e s  of 

o i l  and gas. There appa ren t ly  has  not been s u f f i c i e n t  b u r i a l  of most of t h e  

Bear Lake Formation t o  gene ra t e  petroleum l i q u i d s ;  on ly  one o i l  show has  been 

r epor t ed  i n  a l l  of the w e l l s  t h a t  have pene t r a t ed  t h i s  formation. That o i l  

show appeared a t  a d e p t h  of about  3050 m i n  the  Gulf Sandy River  wel l .  

However, i n  t h i s  w e l l  the o i l  encountered w i t h i n  t h e  b a s a l  p o r t i o n  of t h e  Bear 

Lake Formation may have been de r ived  from source  rocks  w i t h i n  t h e  under ly ing  

Stepovak Formation. 

I n  o f f s h o r e  a r e a s  where t h e  f l a t - l y i n g  Cenozoic sequence o v e r l i e s  o lde r ,  

fo lded  and t r u n c a t e d  sedimentary rocks ,  such a s  t h e  Mesozoic s t r a t a  of the 

Black H i l l s ,  o i l  may have migrated upward i n t o  t h e  more porous sandstone beds 

of t h e  ove r ly ing  Bear Lake Formation. The p o s s i b i l i t y  of o i l  and gas 
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migra t ion  from o l d e r  sedimentary formations renders  t h e  o f f sho re  area between 

Por t  Moller and Amak I s l and  more p rospec t ive  than  t h e  a r e a  n o r t h  of Po r t  

Heiden, where the basement c o n s i s t s  of vo lcan ic  and g r a n i t i c  rocks. 

The a r c u a t c  g r a v i t y  and magnetic d i s c o n t i n u i t y  descr ibed  by P r a t t  and o t h e r s  

(19721, which extends from the  P r i b i l o f  Islands toward Por t  Moller ,  may de f ine  

t w o  d i f f e r e n t  basement rock types  beneath the  f l a t - l y i n g  Cenozoic sequence. The 

h igh  ampli tude magnetic anomalies on t h e  n o r t h e a s t  s i d e  of the  d i s c o n t i n u i t y  may 

r e p r e s e n t  vo lcan ic  o r  gran i t ic -metamorphic  basement rock,  and the low ampli tude 

anomalies  on the southwest s i d e  may r e f l e c t  a t h i c k  sequence of lower T e r t i a r y  

o r  upper Mesozoic sedimentary rocks. 

The f l a t - l y i n g  sequence of Cenozoic sedimentary rocks i s  l o c a l l y  fo lded  

and u p l i f t e d  a long  t h e  f o o t h i l l  b e l t  of t h e  Alaska Peninsula .  Fa r the r  

o f f s h o r e ,  t h e  s t r a t a  may be d e p o s i t i o n a l l y  draped over f a u l t  blocks w i t h i n  t h e  

a c o u s t i c  basement (Hat ten,  1971). The rocks  considered t o  have t h e  g r e a t e s t  

petroleum p o t e n t i a l  i n  t h e  o f f sho re  a r e a  a r e  f l a t - l y i n g  t o  g e n t l y  fo lded  Cenozoic 

sandstone,  s i l t s t o n e ,  and s h a l e  beds. These rock u n i t s  probably range i n  age 

from Eocene t o  Holocene. 



Source Beds 

D r i l l  c u t t i n g s  from e i g h t  of t h e  nine we l l s  d r i l l e d  a long  t h e  Alaska 

Peninsula  were analyzed by Mckan (1977) f o r  t h e i r  o rganic  geochemistry,  

l i t h o l o g y ,  and petroleum p o t e n t i a l .  Analyses of s e v e r a l  of t h e  w e l l s  i n d i c a r e  

t h a t  Paleogene s t r a t a  are r i c h  i n  organic  ma t t e r  but a r e  immature. However, 

coeva l  sedimentary s e c t i o n s  o f f sho re  i n  t h e  bas in  may be more deep ly  bur ied  than 

those  u n i t s  on t h e  peninsula  and hence may be more mature. I n  g e n e r a l ,  f i n e -  

g ra ined  Neogene sedimentary rocks have a s i g n i f i c a n t l y  lower carbon con ten t  t han  

Paleogene s t r a t a ,  which sugges t s  t h a t  t h e  younger s t r a t a  may have been depos i t ed  

i n  brackish  t o  nonmarine environments (McLean, 1979). 

The bes t  source  rocks i n  t h e  Tertiary sequence appear  t o  be t h e  b lack  

marine s i l t s t o n e  and shale beds i n  the Oligocene Stepovak Formation. On the 

Alaska Peninsula ,  t h e  Stepovak Formation i s  l o c a l l y  a t  least 4500 m t h i c k  

(Burk, 1965). S c a t t e r e d  shows of o i l  and gas i n  Stepovak rocks have been 

r epor t ed  from t h r e e  Alaska Peninsula  w e l l s ,  Gulf Sandy River ,  Pan American 

Hoodoo Lake No. 2, and Pan American David River  1-A (Fig. 6; Brockway and 

o t h e r s ,  1975). P o t e n t i a l  source  rocks  may a l s o  occur  i n  t h e  Miocene Bear Lake 

Formation because, l o c a l l y ,  t h e  b a s a l  p o r t i o n  con ta in ing  marine s i l t s t o n e  and 

shale may have been buried deeply enough t o  gene ra t e  hydrocarbons. Marine 

s h a l e  of La te  J u r a s s i c  and Late Cretaceous age  might a l so  be cons idered  as  

p o t e n t i a l  source  rocks where they  a r e  i n  angu la r  d i scordance  wi th  over ly ing  

Cenozoic sandstone r e s e r v o i r  beds. 

Rese rvo i r  Beds and Seals 

The rocks t h a t  have t h e  g r e a t e s t  r e s e r v o i r  p o t e n t i a l  f o r  o i l  and gas i n  

t h e  o f f s h o r e  p o r t i o n  of t h e  bas in  a r e  probably t h e  sands tone  u n i t s  of t h e  

Bear Lake Formarion t h a t  a r e  middle t o  l a t e  Miocene i n  age. Bear Lake 

sandstone beds are both marine and nonmarine and c o n t a i n  a combination of 
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vo lcan ic  g ra ins ,  d i o r i t i c  g r a i n s ,  c h e r t ,  and sedimentary l i t h i c  fragments.  

Most of t h e  sands tones  could be c l a s s i f i e d  a s  l i t h i c  subgraywackes and o t h e r s  

as l i t h i c  a r e n i t e s  (Burk, 1965). In t h e  Gulf Sandy River  No. 1 w e l l ,  Bear 

Lake sandstone above 6,300 f e e t  has  p o r o s i t y  va lues  as h igh  a s  36.5% and 

permeability as h igh  a s  1,268 mds. Below 6,300 f e e t ,  high va lues  f o r  p o r o s i t y  

and pe rmeab i l i t y  a r e  29% and 4 3  mds, r e s p e c t i v e l y  (McLean, 1977).  Shows of o i l  

and gas have been r epor t ed  from t h e  b a s a l  Bear Lake Formation sands tones  i n  

t h e  Gulf Sandy River  and Pan American David River wel l s .  

Sandstones i n  t h e  o l d e r  T e r t i a r y  format ions ,  T o l s t o i  and Stepovak, have 

an  abundance of vo lcan ic  d e t r i t u s  a s  w e l l  as ma t r ix  clay.  These rocks are 

dense and h i g h l y  indura t ed  and thus  a r e  not  considered good r e s e r v o i r  beds. 

Traps and Timing 

The m a j o r i t y  of potential o i l  and gas t r a p s  i n  offshore  B r i s t o l  Bay a r e  

probably a n t i c l i n a l  s t r u c t u r e s .  A n t i c l i n e s  i n  t h e  Cenozoic sequence a r e  

p r i m a r i l y  formed by draping  and d i f f e r e n t i a l  compaction of s t r a t a  over 

e r o s i o n a l  and b lock-fau l t  h ighs  t h a t  developed w i t h i n  t h e  a c o u s t i c  basement 

complex. The r e s u l t a n t  s t r u c t u r e s  a r e  l a r g e  i n  a r e a  but have a  l i m i t e d  amount 

of c lo su re .  S t r u c t u r a l  t r a p s  i n  t h e  o f f sho re  a r e a  may have formed dur ing  t h e  

e a r l y  f i l l i n g  of B r i s t o l  Bay basin.  Most s t r u c t u r e s  decrease  i n  ampli tude 

upward through t h e  Cenozoic s e c t i o n ,  and t h e  P l iocene  and P le i s tocene  s t r a t a  a r e  

f l a t - l y i n g  and undeformed. 

S t r a t i g r a p h i c  t r a p s  formed by b u t t r e s s  onlap dur ing  t r a n s g r e s s i o n  around 

topographic  h ighs ,  by l o c a l  t r u n c a t i o n  of sandstone beds, and by l e n t i c u l a r  

sands tone  bodies  probably occur  i n  t h e  Cenozoic sequence, bu t  t h e i r  s i z e  and 

number a r e  unknown. 

summary 

The petroleum p o t e n t i a l  of t h e  southwest p o r t i o n  of t h e  o f f sho re  B r i s t o l  

Bay basin between Por t  Moller  and Amak I s l a n d  i s  probably g r e a t e r  than  t h a t  of 
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t h e  a r e a  t o  t h e  no r theas t .  The t o t a l  t h i ckness  of Cenozoic sedimentary rocks 

i s  g r e a t e r  i n  t h e  southwest po r t ion  and t h e r e  may be petroleum p rospec t s  i n  

t h e  under ly ing  Mesozoic s t r a t a .  The petroleum p o t e n t i a l  may a l s o  be higher 

f o r  the southwest po r t ion  of t h e  bas in  because shows of o i l  and gas occurred 

i n  three o r  possibly f o u r  of the w e l l s  d r i l l e d  on t h e  ad j acen t  Alaska Peninsula .  

ThLs i s  i n  c o n t r a s t  t o  t h e  f o u r  no r the rn  w e l l s  where no hydrocarbon shows were 

repor ted .  

POTENTIAL GEOLOGIC HAZARDS 

The p o t e n t i a l  geo log ic  hazards  i n  t h e  B r i s t o l  Bay r eg ion  have no t  been 

f u l l y  evaluated.  A g e n e r a l  environmental  a n a l y s i s  of t h e  r eg ion  i s  a v a i l a b l e  i n  

Buck and o t h e r s ,  1974. In  t h e  ad j acen t  St. George bas in  reg ion ,  p o t e n t i a l  

geologic  hazards have been o u t l i n e d  by Gardner and o t h e r s  (1979)  who d iscussed  

f a u l t i n g ,  p o t e n t i a l l y  uns t ab le  sediments ,  and sedimentology of surface sediments.  

For t h i s  pre l iminary  a n a l y s i s ,  t h e r e f o r e ,  w e  have r e l i e d  on t h e  data and 

ana lyses  of o t h e r s ,  s p e c i f i c a l l y  L i s i t s y n  (1966), Askren (1972), Nelson and 

o t h e r s  (1974),  Sharma and others (1972), and Sharma (1974, 1975). 

The major p o t e n t i a l  geo log ic  hazards  i n  t h e  B r i s t o l  Bay r eg ion  i n c l u d e  

ear thquakes ,  tsunamis,  f a u l t i n g ,  s e a f l o o r  i n s t a b i l i t y  caused by r a p i d  sediment 

movement ( e ros ion ,  t r a n s p o r t ,  and d e p o s i t i o n ) ,  vo lcan ic  a c t i v i t y ,  and s e a  i c e  

r e p r e s e n t s  a n  a d d i t i o n a l  n a t u r a l  hazard. Tide-and storm-induced waves also can 

a f f e c t  man-de s t r u c t u r e s .  

Earthquakes and F a u l t s  

Earthquakes wi th  magnitudes g r e a t e r  t han  8 on t h e  R ich te r  s c a l e  have been 

recorded a long  t h e  Alaska Peninsula  (Sykes, 1972) and some with magnitudes between 

7 and 8 on the  R ich te r  s c a l e  have been recorded i n  t h e  sou theas t e rn  Bering Sea 

(Dept. of Commerce, 1970). There i s  very  l i t t l e  known, however, about  a s s o c i a t e d  

ground motion and tsunamis caused by the earthquakes.  The ground motion probably 



dec reases  t o  the n o r t h  a c r o s s  t h e  s h e l f  because of d i s t a n c e  from t h e  major epi-  

c e n t e r  b e l t .  Most e p i c e n t e r s  i n  t h e  southern  Bering Sea l i e  j u s t  n o r t h  of t h e  

Alaska Peninsula-Aleut ian I s l a n d  chain. Shallow earthquake hypocenters  ((70 km 

depth)  occur  as f a r  n o r t h  as St. George I s land .  

F a u l t s  a r e  ex t ens ive  i n  t h e  St .  George Basin r eg ion  just w e s t  of B r i s t o l  

Bay where they  are c l a s s i f i e d  as major, s u r f a c e ,  and minor ( V a l l i e r  and 

Gardner, 1977;  Gardner and o t h e r s ,  1979). The f a u l t s  a r e  concent ra ted  a long  

and i n  t h e  St.  George Basin and some o f f s e t  t h e  s c a f l o o r  implying t h a t  t hey  

a r e  a c t i v e .  No d a t a  a r e  a v a i l a b l e  on t h e  d i s t r i b u t i o n ,  s i z e ,  o r  types  of 

f a u l t s  i n  t h e  B r i s t o l  Bay region. 

Sediment Movement 

The d i s t r i b u t i o n  of s u r f a c e  sediments a c r o s s  t h e  c o n t i n e n t a l  s h e l f  of t h e  

sou the rn  Bering Sea i s  descr ibed  by Lisitsyn (1966),  Ashnen (1972) ,  Sharma and 

o t h e r s  (1972), and Sharma (1974, 1975). Based on t h e i r  d a t a  sediment s i z e  i n  

t h e  v i c i n i t y  of t h e  sou theas t e rn  Bering Shelf  grades  from coa r se  sand a long  t h e  

i n n e r  s h e l f  t o  f i n e  s i l t  nea r  t h e  o u t e r  s h e l f ,  a l though g r a i n  s i z e  i s  somewhat 

c o a r s e r  near  t h e  s h e l f  break. Data concerning t h e  o t h e r  phys i ca l  p r o p e r t i e s  a r e  

not  a v a i l a b l e ,  and consequent ly t h e  p o t e n t i a l  f o r  slumping and s lope  i n s t a b i l i t y  

is no t  known. 

L i s i t s y n  (1966, p.  96-98) does not  b e l i e v e  t h a t  waves have much e f f e c t  on 

sediment movement i n  t h e  deeper p a r t s  of t h e  southern  Bering Sea. We do know, 

however, t h a t  waves (Tsunami-, t ide- ,  and wind-induced) can g r e a t l y  a f f e c t  

sediment movement i n  n e a r s h o r e  a r e a s  and probably a r e  major agen t s  f o r  

sediment movement along t h e  n o r t h  shore  of t h e  Alaska Peninsula .  T ides  can 

have a s t r o n g  e f f e c t  i n  sha l low water ,  p a r t i c u l a r l y  i n  funnel-shaped e s t u a r i e s  

such a s  Kuskokwim Es tua ry  n o r t h  of B r i s t o l  Bay, where t h e  t i d a l  range i s  a s  

g r e a t  a s  8 meters  and c u r r e n t  v e l o c i t i e s  can exceed 200 cmlsec ( L i s i t s y n ,  
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1966). Wind-induced waves can move sediment i n  depths  of up t o  100 meters  i n  

the  Bering Sea. Storms are f r equen t ,  and t h e  p r o b a b i l i t y  of storm waves 

s e v e r a l  meters  i n  he igh t  exceeds 20% dur ing  t h e  year  (Lisitsyn, 1966, p. 

98). The s t r o n g e s t  and most prolonged s torms occur  dur ing  the f a l l  and early 

win te r  season. Wave-generated f o r c e s  can r e d i s t r i b u t e  large volumes of 

sediments i n  a r e l a t i v e l y  s h o r t  time and thereby a r e  p o t e n t i a l  hazards  t o  man- 

made structures on t h e  sea  f l o o r  and i n  near-shore a r e a s  on Land. 

Volcanic A c t i v i t y  

The s o u t h e a s t e r n  Bering Sea Shelf i s  bounded on t h e  south  by t h e  Alaska 

Peninsula  and t h e  e a s t e r n  Aleut ian  I s l a n d s  where s e v e r a l  volcanoes a r e  a c t i v e .  

Coats (1950) l i s t s  25 a c t i v e  volcanoes i n  t h e  Aleu t i an  I s l a n d s  and 11 on t h e  

Alaska Peninsula  and mainland. Hazards from vo lcan ic  a c t i v i t y  a r e  a s s o c i a t e d  

wi th  t h e  e r u p t i o n  of l a v a  and a s h  and t h e  a t t e n d a n t  ear thquakes.  The d i s t r i b u t i o n  

of a s h  i s  dependent on t h e  magma composition, e r u p t i o n  c h a r a c t e r ,  wind speed and 

d i r e c t i o n  a t  the t ime of e r u p t i o n ,  h e i g h t  of e r u p t i o n ,  volume of m a t e r i a l ,  and 

s p e c i f i c  p r o p e r t i e s  of t h e  p y r o c l a s t i c  deb r i s .  Eruptions from t h e  large a n d e s i t i c  

cones on the Alaska Peninsula  and Aleu t i an  I s l a n d s  a r e  most ly t h e  explosive type 

and can spread  p y r o c l a s t i c  m a t e r i a l  such as ash-flow r u f f s  o r  r e l a t e d  p y r o c l a s t i c  

ava lanche  d e p o s i t s  over l a r g e  a r e a s  ( M i l l e r  and Smith, 1977 ) .  

The l a r g e s t  known q u a n t i t y  of vo lcan ic  m a t e r i a l  e rup ted  in h i s t o r i c  t imes  

i n  t h e  Alaska a r e a ,  some 21 km3 of a s h ,  w a s  erupted  by Katmai volcano i n  1912,  

when a s h  was c a r r i e d  over  distances of 2000 km o r  more. A t  a  d i s t a n c e  of 180 

km from t h e  volcano,  a sh  was depos i ted  wi th  a d e n s i t y  of about  45 g/cm 

( L i s i t s y n ,  1966). According t o  h i s t o r i c a l  data,  i n d i v i d u a l  ash  d e p o s i t s  i n  

t h e  Bering Sea r eg ion  ex tend  200 t o  2000 kmn from t h e  source ,  averaging  about  

500 km, and thus  could cover  a l l  of B r i s t o l  Bay bas in  i f  wind d i r e c t i o n ,  

e r u p t i o n  h e i g h t ,  wind speed,  volume and o t h e r  f a c t o r s  were complementary. 
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Hazards are associated not  only with  the volume of ash t h a t  might be deposited 

but a l s o  wi th  ground motion t h a t  o f t e n  accompanies major erupt ions .  These 

forces,  i nc lud ing  base surges from caldera eruptions, may a f f e c t  man-made 

s t r u c t u r e s  and a l s o  shake l oose  p r e - e x i s t i n g ,  unstable, and undercompacted 

sediment bodies.  

Ice 

P a r t s  of the southern  Bering Sea c o n t i n e n t a l  margin have i ce  cover dur ing  

1 0  t o  50% of the  year (Fig. 11, McRoy and Goering, 1974). Ice development i s  a t  

its maximum in March and April when average ice t h i cknesses  range from 1 r o  1.5 

m ( L i s i t s y n ,  1966, p. 99). Both s t a t i o n a r y  and migra t ion  ice are present .  

S t a t i o n a r y  i c e  forms a long  t h e  s h o r e l i n e s  and ranges i n  width from a few meters  

t o  a s  much as 80 km from t h e  shore.  Some ice gouging occurs  near  the shorelines 

where the i c e  is  thickest; man-made s t r u c t u r e s  and pipelines may be affected by 

ice-ramming and bottom scouring. 
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Figure  11. Extent of ice cover across the Bering Sea shelf for  different 
months of t h e  year. From McRoy and Goering (1974). 



Log normal p r o b a b i l i t y  d i s t r i b u t i o n  curves of t o t a l  
undiscovered r ecove rab l e  o i l  and gas reserves i n  the 
area proposed f o r  OCS Lease Sale #75. 
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Figure 12 b. Log normal probability distribution curves of total 
undiscovered recoverable oil and gas reserves in the 
area proposed for OCS Lease Sale //75. 
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TABLE 1 

9 5% 5 % Statistical Marginal 
Probability Probability Mean Probability 

Oil (billions of barrels) 

Conditional 
Unconditional 

~ssoc./dissolved gas (TCF) 

Conditional 
Unconditional 

Non-assoc. gas (TCF) 

Conditional 
Unconditional 

Aggregated gas (TCF) 

Conditional 
Unconditional 



TECHNOLOGY 

Est imated development time t a b l e :  Es t imat ing  development of hydrocarbon 

p rospec t s  i n  t h e  no r the rn  Aleut ian  c o n t i n e n t a l  s h e l f  is d i f f i c u l t .  The weather 

he re  i s  comparable t o  t ha t  of the  North Sea between England and Norway where 

s u c c e s s f u l  petroleum product ion  i s  now underway a t  about the same l a t i t u d e .  The 

adverse weather and sea cond i t i ons  as well as t h e  great d i s t a n c e s  from supply 

bases i n  t h e  southern  Bering Sea w i l l  probably cause de lays  i n  ope ra t ions  and 

inc reased  cos t s .  

Explora tory  d r i l l i n g  would probably commence w i t h i n  t w o  y e a r s  a f t e r  the 

l e a s e  s a l e .  Assuming exp lo ra to ry  success ,  product ion p la t form i n s t a l l a t i o n  

would begin dur ing  t h e  f i f t h  o r  s i x t h  year  a f t e r  t h e  l e a s e s  a r e  i s s u e d  and 

development d r i l l i n g  would be completed by the  fifteenth year.  Subsea 

complet ions may be inc luded  i n  t h i s  development phase. Peak o i l  p roduct ion ,  

a s  l i m i t e d  by market ing f a c i l i t i e s ,  would occur  about  t h e  e i g h t h  year  a f t e r  

t h e  l e a s e  s a l e .  I n d i v i d u a l  fields would have a 26-year l i f e  and a l l  p la t forms 

w i l l  be removed by t h e  f o r t i e t h  year  a f t e r  product ion  beings. 

Based on p re sen t  a r c t i c  r e g i o n a l  exper ience ,  i t  i s  e s t ima ted  that g ian t -  

c l a s s  f i e l d s  of a minimum of 100 m i l l i o n  b a r r e l s  can be developed 

economically; however, t h e  r a p i d l y  e s c a l a t i n g  p r i c e  of o i l  and t h e  f e a s i b i l i t y  

of economical ship t r a n s p o r t  of oil and gas t o  t h e  U. S. West Coast may 

justify development of sma l l e r  f i e l d s .  

If 5 m i l l i o n  b a r r e l s  a r e  recovered pe r  well, t hen  40 w e l l s  pe r  product ion 

p l a t fo rm y i e l d s  t h e  fo l lowing  f i g u r e s  for the daily product ion  of o i l  and gas 

g iven  the c o n d i t i o n a l  o r  unr i sked  minimum, maximum, and most l i k e l y  cases :  



9 5% 5 % S t a t i s t i c a l  
P r o b a b i l i t y  P r o b a b i l i t y  Mean 

Recoverable Oil BBbl. 0.1 2.3 0.7 
Oil F i e l d s  (avg. 0.1 B B b l . )  1 23 7 
Wells ( i n c l u d i n g  s e r v i c e )  30 2 90 2 10 
Peak product ion  MBD 4 1 945 288 
Gas-oil r a t i o  1100 1000 1090 
Peak gas product ion  MMCFD 4 5 945 31 4 

The number of s e r v i c e  wells  i s  based on Korth Sea expe r i ence ,  where t h e r e  

a r e  about  h a l f  a s  many s e r v i c e  w e l l s  as t h e r e  a r e  product ion wel ls .  The 

product ion  f i g u r e s  assumes 15  pe rcen t  p roduct ion  of recoverab le  r e s e r v e s  

du r ing  the peak product ion  year .  

I n  t h e  B r i s t o l  Bay basin a gas field n o t  a s s o c i a t e d  w i t h  o i l  p roduct ion  

nust c o n t a i n  about  2.5 t r i l l i o n  cub ic  f e e t  of gas t o  be economically v i a b l e  over  

a 20 y e a r  cons t an t  p roduct ion  l i f e .  The c o n d i t i o n a l  o r  unr i sked  parameters  for 

t h e s e  m i n i m u r s i z e d  gas  f i e l d s  a r e :  

95% 5% S t a t i s t i c a l  
Probability P r o b a b i l i t y  Mean 

Gas, TCF 
Gas F i e l d s  
Gas MMCFD 
Gas Wells 

The number of gas wells r equ i r ed  and d a i l y  product ion  f i g u r e s  a r e  based on 

ave rage  North Sea product ion  experience.  The 9 5  percent  p r o b a b i l t t y  case and 

the  mean ca se  a r e  t o o  low t o  j u s t i f y  development except  i n  con junc t ion  w i t h  

c l o s e l y  a s s o c i a t e d  o i l  f i e l d s .  

Gas n o t  a s s o c i a t e d  w i th  011 t h a t  i s  found n e a r  o i l - a s s o c i a t e d  gas (gas 

cap and d i s so lved  g a s ) ,  could be economical ly  shipped us ing  the  same p i p e l i n e s  

used f o r  o i l  t r a n s p o r t a t i o n .  During t h e  e a r l y  y e a r s  of o i l  p roduct ion ,  

a s s o c i a t e d  and nearby nonassoc ia ted  gas a r e  o f t e n  i n j e c t e d  i n t o  t h e  o i l  

r e s e r v o i r  t o  increase o i l  recovery. Depending on market c o n d i t i o n s  and 

eng inee r ing  c o n s i d e r a t i o n s ,  the demand on p i p e l i n e s  could be tempora l ly  spaced 



to allow the u s e  of a sma l l e r ,  more economical system t o  t r a n s p o r t  both 

a s s o c i a t e d  and nonassociated gas. 

Estiaaated f a c i l i t i e s :  Explora t ion  bases would probably be a t  Cold Bay, 

King Salmon, o r  Dillingham. A l l  t h r e e  have a i r p o r t s  capable of handl ing  

medium-sized jet aircraft. These towns would require development of suppo r t  

f a c i l i t i e s  as they a r e  sma l l ,  and had popula t ions  i n  1978 of 256, 202, and 

914,  r e s p e c t i v e l y .  Cold Bay and King Salmon are each U.S. Air  Force bases. 

Porr Heiden and Por t  Moller ,  sparsely populated a r e a s  on the  Alaska Peninsula 

between Cold Bay and KAng Salmon, each have air s t r i p s  large enough t o  handle 

s m a l l e r  a i r c r a f t .  These two a r e a s  would require e x t e n s i v e  development to 

o p e r a t e  a s  e x p l o r a t i o n  bases ,  but  they  a r e  a c e n t r a l l y  l oca t ed  f o r  o f f sho re  

exp lo ra t ion .  

Cold Bay i s  l a r g e  and can be en te red  by deep-draft  ves se l s .  In t h e  bay 

t h e r e  i s  a decaying dock and t h e  ad j acen t  water  i s  30 f e e t  deep. King Salmon, 

15 miles upstream from t h e  mouth of t h e  Naknek River, cannot be approached by 

sh ips .  Vesse ls  approaching Dillingham u s u a l l y  anchor o f f sho re  and t r a n s f e r  

cargo  t o  and from shore  by sma l l e r  boa ts  and barges. Vesse ls  drawing 1 2  f e e t  

o r  l e s s  can moor a t  the  cannery and f u e l  wharves only a t  h igh  t i d e ,  Po r r  

Heiden and P o r t  Moller do not  have any docking facilities and cannot be 

c l o s e l y  approached by sh ips .  Kodiak has t h r e e  deep-draft  municipal wharves 

and many p r i v a t e  ones unde r l a in  by as much a s  40 f e e t  of water .  Dutch Harbor 

has s e v e r a l  deep water  wharves and more a r e  being b u i l t  t o  suppor t  a r a p i d l y  

expanding f i s h i n g  indus t ry .  

Technology f o r  s u c c e s s f u l  drilling and product ion  in nor the rn  of fshore  

environments has  been developed i n  Cook I n l e t  and i n  t h e  North Sea. Secondary 

d r i l l i n g  p la t forms would probably be used i n  shallow water f o r  exp lo ra to ry  

d r i l l i n g .  D r i l l  s h i p s  and semi-submersible v e s s e l s  would be used f o r  

4 4 



Sea access t o  the proposed sale a r e a  is from the south via Unimak Pass 

around t h e  western end of Unimak Island. Unimak Pass is 1,644 nautical miles 

from Seatt le  and about 4000 m i l e s  from Japan. 



REFERENCES CITED 

Askren, DO R., 1972,  Holocene stratigraphic framework-southern Bering Sea 

continental she l f :  Masters t h e s i s ,  University of Washington. 

Barth, TO W. F., 1956,  Geology and p t r o l o g y  of the P r i b i l o f  Islands, 

Alaska: U. S. Geological Survey Bulletin 1028-F, p. 101-160. 

Beihan,  K., 1974, Preliminary geologic map of the southwest Quadrant of 

Alaska: U. S. Geological Survey Misc. Field Studies map MF-611, 2 sheets. 

Bergqren, W. A . ,  1969, Cenozoic chronostratigraphy, planktonic foraminifera1 

zonation and the radiometr ic  time scale:  Nature, v.  224, no. 5224,  p .  

1072-1075. 

Brockway, R., Alexander, B., Day, PO, Lyle, W., Hiles, R . ,  hcker ,  W., Polski, 

W., and Reed, B., 1975, Rristol Bay r e g i o n ,  "Stratigraphic correlation 

s e c t i o n n ,  southwest Alaska: The Alaska Geological Society, P. 0. Box 

1288, Anchorage, AK 99510.  

Buck, E. H. and others, 1974, The Br i s to l  Bay environment, a background study 

of available knowledge: Dept. of the Army, Alaska Dis tr ic t ,  Corps of 

Engineers, P. 0. Box 7002,  Anchorage, Alaska, 99510, 858 p. 

Burk, C. A . ,  1965, Geology of the Alaska Peninsula Island arc and continental 

margin: Geol. Sac. America Mem. 99, 250 p.  

Churkin, M., 1970, Fold belts of Alaska and S i b e r i a  and drift bet-en North 

A m e r i c a  and Asia: Proc. Geol. Seminar of the North Slop of Alaska, 

Pac i f i c  Sec., Am. Assoc. Fetroleum Geologists, GI-G17. 

Coats,  R. R . ,  1950, Volcanic a c t i v i t y  i n  the Aleutian arc: U. S. Geol. Survey 

Bull. 974-B, p. 35-47. 

Cox, A., Hopkins, D. M., and Dalrymple, G. B . ,  1966, Gecmagnetic polarity 

epuzhs: Pribilof i s l a n d s ,  Alaska: Geol. Soe. America Bull.,  v. 77, p. 

883-91 0. 



Gates, G. O . ,  and Gryc, G O ,  1963, Structure and t e c t o n i c  h i s t o r y  of Alaska, 

Childs, 0. E., and Beebe, B. W., eds., The Backbone of the Americas, A 

symposimn: Am, Assoc. Petroleum Geologists Wm., v. 2, p. 264-277. 

Gardrier, J. V., V a l l i e r ,  TO LO, Dean, W. E., Kvenvolden, K. A., and Redden, G. 

D O ,  1979, Fedinentology and geochemistry of surface sediments and the 

d i s t r i b u t i o n  of faults and p o t e n t i a l l y  unstable sediments, St, George 

Basin region of the  outer  con t inen ta l  s h e l f ,  southern Bering Sea: U . S .  

Geol. Sumey Open-File &port 79-7562, 89 pp. 

Hatten, C. W., 1971, P e t r o l e m  p o t e n t i a l  of Bxistol Bay bas in ,  Alaska: Am. 

Assoe. Petroleum Geologists  ~ m . ,  15, v. 1, p. 105-108. 

Hoare, J. X., 1961, Geology and t e c t o n i c  s e t t i n g  of l m r  Kuskokwim-Bristol 

Bay region,  Alaska: Am. Assoe. Petroleum G e o l q i s t s  Bull., v. 45, no. 5 ,  

pa 594-611. 

Hopkins, D. M., and others ,  1969, €ketaceous, Tertiary, and early Pleis tocene 

roeks £ran the c o n t i n e n t a l  margin i n  the Bering Se: Geol. Soe. America 

B u l l . ,  V. 8 0 ,  p. 1471-1480. 

Hopkins. DO M., and Silberman, M. LO, 1978, Potassim-argon ages of basement 

rocks frm Saint George Is land,  Alaska: U. S. GeoLogical Survey Journal  

of &search,  V. 6, p. 435-438. 

Jones, D. LO, 1978, Microplate t e c t o n i c s  of Alaska--significance - f o r  the  

Fksozoic h i s t o r y  of the  P a c i f i c  Coast of North America. Pages 71-74 - i n  D. 

G. H o w e l l  and K. A. mDougal1, eds. m s o z o i c  Paleogeography of the  

=stern United States. Pacific Coast Section,  Soc. Econ. Paleon to log i s t s  

and Mineralogists ,  P a c i f i c  Coast Paleogeography Symposim, v. 2. 

Jones, D. LO, and Siber l ing ,  N. J., 1979, FBsozoie strat igraphy--the key t o  

t e c t o n i c  analyses of ~ o u t h e r n  and centxal Alaska: U. S. Geological Survey 

Open-File -por t  79-1200, 41 p. 



L i s i t s y n ,  A. P . ,  1966, Recent sedimentation i n  the wring Sea ( i n  Russian); 

Inst. Okeanol. Akad. Nauk USSR, (translated by Israel Program f o r  

Scientific Translation, available £ran U. S. Dept. of Commerze, 

Clearinghouse for Fed. Szi. and Tech Info., 1969, 614 ?p. ) 

L y l e ,  W. M., Morehouse, J. A, ,  Palmer, I. F., Jr., and Bolm, J. G., 1979, 

Tertiary formations and associated Wsozoic roeks in the Alaska Peninsula 

area, Alaska, and the ir  petroleum-reservoir and source-rock po-ntial: 

State of Alaska, Division of Geological and Geophysical Surveys ,  mologic 

*port 6 2 ,  65 p .  

Mancini, El A,,  Deeter, T O  M., and Wingate, F. B., 1978, Upper Cretaceous arc- 

t rench gap sedimentation on the Alaska Peninsula: Geology, v. 6, p. 437- 

43 9. 

Marlcw, M. S O ,  Alpha, TO R., Scholl ,  DO W., and Buffington, E. C . ,  1975, 

Physiographic diagrams of the B r i n g  -a Shelf ,  Alaska: U. S. G. S. Open 

File Report 75-1, 2 sheets .  

Marlaw, M. S O ,  Scholl ,  D. W.,  Cooper, A. KO, and Buffinqton,  E. C., 1976a, 

Structure and evolution of the Bering Sea shelf south of S t .  bwrence 

Island: Am. Ass=. Petro lem G e o l .  Bull., v. 6 0 ,  p. 161-183. 

Marlw, M. S., McIean ,  H., Val l i er ,  T. L., Scholl, D. W., Gardner, J. C., and 

Powers, R. B . ,  1976b, Prencmination report on the regional  geology, 01 and 

gas potential and environmental hazards of the Bering Sea s h e l f  south of 

St. Lawrence Island, Alaska: U. S. Geol. Survey Open- F i l e  %port 76-785, 

60 PO 

Marlm, M. S O ,  Scholl ,  D. W., and Cooper, A. K., 1977, St. George basin,  

Bering Sea shelf: a collapsed Elesozoic margin, & Island krcs, Deep Sea 

Trenches, snd Back-Arc Basins, Maurice w i n g  series: Amer. Geophysical 

Union, v. 1 ,  p. 211-220. 



Marlow, M. S., Scholl,  D. W e ,  Cooper, A. K., and Jones, D. L., 1979a, tbsozoic 

rocks fran the  Bering Sea: The Alaska-Slberia Connection: (abs.1 

Cordil leran S c t i o n  Geol. Soc. Amer. Ann, Mtg. 1979, v. 11, no. 3, p. 90. 

Marlow, M. S., Coopr,  A. K., Scholl,  D. W e ,  Val l ie r ,  T. L., and Mcfean, H., 

1979b, E s c r i p t i o n  of dredge samples from the Bering Sea Continental 

Margin: U. S. Geological Survey Open-File Ileport 0F79-1139, 5 p. 

Marlow, M. W., and Cooper, A. 8. 1980, Mesozoic and Cenozoic s t ruc tu ra l  trends 

beneath the southern Bering Sea shelf: Am. Assoc. Petroleum Geol. B u l l . ,  

i n  prep. 

Mclean, H., 1977, Organic geochemistry, l i tho lcqy ,  and paleontology of 

Tertiary and Elesozoic rocks fran wells on the Alaska Peninsula: U. S. 

Geological Survey Open-File &por t  77-813, 63 p. 

=Lean, He, 1979, Tertiary s t ra t igraphy and petroleum poten t ia l  of Cold Bay- 

False Pass area,  Alaska Penhsula: Am* Ass-. Petrolem Geol. mll,  v. 

63, p. 1522-1526. 

McRoy, C. PO, and Goering, J. 30 ,  1974, the influence of ice on the primary 

productivity of the Bering *a, Hood, D. W., and Kelley, E. J., eds., 

Oceanography of the  Bering Sea with emphasis on renewable resources, p.  

403-4190 

Miller, B- M.0 and others,  1975, Geolwica l  estimates of undiscovered 

recoverable o i l  and gas resources in the United States:  U. S. Geol. 

Survey Circular  725, 78 p. 

Miller, T. P., and Smith, R. L., 1977, Specbcular mabili ty of ash flcws 

around Aniakchak and Fisher Calderas, Alaska: Geology, v. 5 ,  p. 173-176. 

Moore, J. C. ,  1972, Uplifted trench sediments-Southestern Alaska-Bering Shelf 

edge: Science, v. 175, p. 1103-1105. 

, 1973a, Cretaceous continental margin sedimentation, southestern 



Alaska: Geological Sac. of her .  Bull., v. 84, p. 596-614. 

- , 1973b, Complex deformation of Cretaceous trench deposi ts ,  southwstern 

Alaska: Geological Soc. of Amex. Bull. v. 84, p. 2005-2020. 

- , 1974, The ancient cont inental  margin of Alaska, & Bak, C. A., and 

Drake, C. LO, eds., The geology of continental margins: New York 

Springer-Verlag, p. 81 1-816. 

Nelson, C.  Hans, Hopkins, David M., and Scholl,  David W., 1974, Cenozoic 

sedimentary and t ec ton ic  h i s tory  of t h e  Bering Sea: & Hood, D. W. and 

Kelley, E. J. ( E d s . )  , Oceanography of the Bering -a, Occasional Pub. So. 

2, Inst. of Marine Science, m i v e r s i t y  of Alaska, Fairbanks, p. 485-516. 

Patton, W. W., Jr., 1973, Bconnaissance geology of t h e  northern Yukon-Koyukuk 

Prwinee,  Alaska: U. S. eel. Sunrey Prof. Paper 774-A, 17 p. 

Patton, W. W., Jr., Lanphere, M. A., Miller, T. P., and Scot t ,  R. A., 1974, 

Age and tec ton ic  s ignif icance of volcanic rocks on St. Matthew Is land,  

Bering Sea, Alaska (abs. ) :  Geol. Sac. America Abs. w i t h  Programs, v. 6,  

p. 9905-990 6 

Patton, W. W., Jr., Lanphere, M. A,, Miller, T. P., and Scot t ,  R. A., 1976, 

Age and tectonic  s ign i f i cance  of volcanic rocks on St. Matthew Is land,  

Bering sea, Alaska: U. S. Geological Survey Jour. of Bseareh, v. 4, p. 

67-74. 

Payne, T. GO, eanpi ler ,  1955, Masozoie and Cenozoic tectonic  elements of 

Alaska: U. SO Geol. Survey Misc. G e o l .  Inv. Map 1-84, Scale 1:s ,000,000. 

Pratt, R. M., mtstein, M. S., Walton, F. W., and Buschur, J. A., 1972, 

Extension of Alaska s t x u c t u t a l  t rends  beneath a r i s t o l  say,  Bering shelf, 

Alaska: Jour. Geophys. Ebeaearch, v. 77, no. 26, p. 4994-4999. 

Scholl ,  DO W., Buffington, E. C . ,  and Hopkins. 5. M., 1966, Exposure of 

basement rock on the cont inental  slope of the Bering Sea: Science, v. 



153, p. 992-994. 

Scholl ,  D. W., Buffinqton, E. C., and Hopkins, D. M., 1968, Geolagic history 

of the cont inental  margin of North America i n  Bering Sea: Marine Geology, 

vo 6, p. 297-3300 

S c h ~ l l ,  Dm W., and Hopkins, D. M., 1969, Newly discovered e n o z o i c  basins,  

Bering she l f ,  Alaska: Amer. Assoc. Petroleum Geologists Bull*, v. 53, p .  

2067-2078. 

Scholl ,  Dm W., and Hopkins, DO M., 1969, Newly discovered e n o z o i c  basin,  

Bering Sea she l f ,  Alaska: Am. Assoc. Petroleum Geologists Bull . ,  v. 53, 

no. 10,  p.2067-2078. 

Scholl,  D. W., Alpha, T. R., Elarlaw, M. S O ,  and Buffinqton, E. C., 1975, P l a t e  

tectonics  and the  structural evolution of the Aleutian--ring Sea 

region: Geol. Soc. america &m., 151, p. 1-31. 

Shanna, G. D., Nai*,  A. S., and Hood, D. W., 1972, E r i s to l  Bay: A model 

contemporary graded shelf:  Amer.  hssoc. Petroleum Geologists Bull., v .  

56, p. 2000-2012. 

Shanna, G. DO, 1974, Contemporary deposit ional environment of the eastern 

B r i n g  Sea: Hood, D. W., and Kelley, E. J. ( E d s . ) ,  Oceanography of t h e  

Bering Sea, Occasional Pub. No.  2, Ins t .  of Mr ine  Science, University of 

Alaska, Fairbanks, p. 517-540. 

Shazma, G. 5. , 1975, Contemporary epicontinental sedimentation and shelf 

grading in the southeast  E e r h g  Sea: Forbes, R. B. (Ed.), 

Contributions t o  the geology of the Bering Sea Basin and adjacent regions,  

Geol. Soc. Amer.  Spec. Paper 151, p. 33-48. 

Sykes, Lynn R., 1971, Aftershock zones of great  earthquakes, s e i s a i c i t y  gaps, 

and earthquake predicion for Alaska and the  Aleutian: Jour. Eeophys. 

f a e ~ . ,  V. 76, p. 8021-8041a 



Vall ier ,  TI L. and Gardner ,  JI V., 1977, Maps showing types and data of faults 

interpreted frcm seismic profi les Fn the St. George  asi in, southern Bering 

Sa: U. S. Geol. M a y  Open-File Fkport 77-591, 14 pp. plus maps. 

Vallier, T. L., Underwood, M. B., Jones, D. L., and Gardner,  J. V., 1980a, 

Petrography and geological significance of Upper Jurassic rocks dredged 

near Rlbilof Islands, southern Baring Sea continental she l f :  AAPG 

W 1 e t l n r  in press. 

Watts, A- B., 1975, Gravity field of the n o r t h w s t  Pacific ocean basin and i t s  

m a r g i n  - Aleutian Island are. Trench system, Geol. Sac. America Map - 
Qlart  S r i e s  MC-10. 

Yanshin, A. L., ed., 1966, Tectonic map of Eurasia: Geol. Inst. Acad. Sci. 

U.S.S.B., Moscow (in Russian), scale l:5,O00,000. 


