
UNITED STATES 

DEPARlNENT OF TliE INTERIOR 
' GEOLOGICAL SURVEY 

PRELIMINARY PW)RT CN M REGIONAL GEOLOGY, OIL N GAS 
POTENTIAL AND NDIROWINAL WVARDS OF ME 5'3ING SEA 

SHELF SChml OF ST. Mbi'PSNCE ISLANO, ALAS'& 

U.1 0 ,  Geologicaf' Sumex 
OPEN FILE REPORT 

TFXKI. r e n o r t  :c: ~-rolLrninl ry  an3 has 
not borl-, - . - % ,. , , ? '  .Aij ,. 
L,;*, -.-"*., ' I 

OPEN FILE PPORT 76-785 



i n  the area of  the present outer shelf occurred c~ntemporaneousl~ with 

magmatism along the inner shelf.  Plate convergence apparently ceased 

by the end of the Mesozoic or  the beginning ' o f  the Cenozoic. Subse- 

quently, the foldbelt  underlying the outer shelf was eroded extensively 

and r i f ted  extensionally t o  form large deep basins. On the average, 

the shelf has subsided more than 1.5 km. Subsidence and sediment burial 

o f  the eroded orogen formed the modern Bering Sea shelf: 

Nine wells d r i l l ed  along the northern coas t  of the'Alaska Peninsula 

as well as  several onshore Soviet wells in northeastern Siberia have d i r ec t  

significance t o  the submerged basins of the Bering Sea shelf .  Although 

a l l  of the wells on the Alaska Peninsula were abandoned as dry holes, 

s ignif icant  shows of o i l  and gas were found. In addition, the USSR d r i l l -  

ing resulted i n - t h e  d i s c ~ v e r y  of o i l  and gas i n  Miocene sandstone. 

Regional geologic and  geophysical rnappi ng suggests t h a t  there are  

su i tab le  source beds ,  reservoir rocks, and traps within t he  basins beneath 

the Bering Sea shelf .  However, i t  i s  not known i f  hydrocarbons are  present 

o r  i f  the possible reservoirs are o f  commercial s i z e .  A resource a p p r a i s a l  

o f  the s h e l f  out to 200 meters water depth indicates t h a t  between 0 and 

6 .2  b i l l ion  bbl and 0 and 15.5 t r i l l i o n  cu. f t .  of  o i l  and gas respectively 

may underlie the Bering Sea shelf.  

The major environmental hazards fo r  petrol eurn exploration and  develop- 

rnent.of the Bering Sea shelf include faul t ing and assoc ia t ed  earthquakes, 

sea f loor  instabi 1 i ty (slumping, eros'on, etc:), volcanic a c t i v i t y  

in the southern shelf area,  and seasonal ice  flows (although the 



open southern she1 f i s  v i r tua l ly  ice-free) .  There i s  s ignif icant  

fishing ac t iv i ty  i n  the southern shelf region between the ' ~ l a s k a  

Peninsula and the Pribilof Islands and any deve!oprnent of  t h e  outer  

continental shelf should be compatible  w i t h  th is  i ndus t ry .  



INTRODUCTION 

Location o f  OCS Areas 

The v i r t u a l l y  f e a tu r e l e s s  Bering Sea she l f  south of S t .  Lawrence Island 

i s  s t r u c t u r a l l y  underlain by a t  l e a s t  11 basins (Figs. 1 ,  3 ) .  Encompassing a 
2 combined area over 546,000 krn , l a r g e r  than the s i z e  o f  the s t a t e  of Ca l i fo rn ia ,  

most of the  basins a r e  e i t h e r  elongate s t r uc tu r a l  sags,  grabens, o r  ha1 f (asym- 

met r ic )  grabens located beneath the ou te r  she l f .  The regional trend o f  these  

bas ins  is  northwest, pa ra l l e l  t o  the  cont inenta l  margin which extends from 

the  Alaska Peninsula t o  eas tern  S iber ia .  Two o f  the  basins,  S t .  George and 

Navarin, contain more than 10 km of Upper Cretaceous(?)  and  Cenozoic sedimentary 

s t r a t a .  

In recognit ion of the  geologic importance and resource .potent ia1  of  the  

Bering Sea, t he  U, S. Geological Survey has conducted four expedit ions t o  t h i s  

area  ( s ince  1965) t o  undertake reconnaissance geologic and geophysical mapping. 

This repor t  summarizes t he  data co l l ec ted  over the  eastern area o f  the Bering 

she1 f (Fig. 2 )  and out1 ines basins of i n t e r e s t  t o  petroleum explora t ion.  

Available Data, Pub1 i c  and Proprietary 

Data presented i n  t h i s  r epor t  include seismic re f l ec t ion  p ro f i l e s  using 

120- and 160-kj-sparker-sound sources,  although some 100 joule and 38 k j  data  

from a 1965 c ru i s e  a r e  included. The University of Washington ( M .  Holrn?s, 

wr i t t en  comniun., 1974) kindly provided o ther  r e f l e c t i on  data u t i l i z i n g  100 

jou le  and 20 i n J  air-gun sound sources. 

There has been a g r ea t  deal of explorat ion a c t i v i t y  within the eas te rn  

Bering Sea during recent  years.  However, the  bulk o f  these data  a r e  p ropr ie ta ry  

and no t  publicly avai lable .  Only two s e t s  o f  s ing le  channel seismic r e f l e c t i o n  



d a t a  have been published by Scholl and Hopkins '(1968) and Scholl and Marlow 

(.1970b). Mtll tichannel seismic r e f l e c t i on  records from the  Bering she1 f a r e  

n o t  ye t  ava i l ab le  t o  the  public. NOAA has published a s e r i e s  of s i x  bathymetric, 

magnetic, and gravimetric char t s  of a small area west of the southern Alaska 

Peninsula; these char t s  a r e  ava i l ab le  from the  National Ocean Survey, Dis t r ibut ion 

Division, C4411, Riverdale, Mary1 and 20840 (Geophysics maps: 171 1 N-17G, 171 1 N -  

17M, 1711N-17B, 1T1lN-18G, 1711N-18M, and 1711~185) .  A de,tailed bathymetr ic  

char t  o f  the shel f  area by R. P r a t t  and F. Walton (ba thy l e t r i c  Map of the Bering 

S h e l f ,  1974) i s  ava i l ab le  from The Geolagical Society of Anerica, Inc . ,  3300 

Penrose Place, Boulder, Colorado 30301 . Additional offshore magnetic and 

g rav i ty  d a t a  may be obtained from the Bedford I n s t i t u t e  (Dartmouth, Nova Sco t i a ,  

Canada), NOAA (National Data Center, Marine Geology and Geophysics, Code D621 , 

Environmental Data Service,  Washington, D: C.  20235), and the  Lamont-Doherty 

' Geological Observatory, Columbia Universi ty,  Palisades,  New York. 

FFWIEWORK GEOLOGY 

Regional Geologic Se t t ing  o f  the Bering Sea Shelf 

A generalized geologic map of  the  onshore eas tern  Bering Sea region i s  

shown i n  Figure 3 .  Detailed discuss ions  of  the geology of the Alaska Peninsula 

can be found in Burk (1965) and Brockway (7975) ,  of western Alaska i n '  Hoare 

(1961 ) .and Patton ( 1  9 7 3 ) ,  and o f  eas tern  Siber ia  in Churkin ( 1  970) and more 

recen t ly  by Scholl and others (1975). The island geology o f  the shelf i s  

presented i n  l a t e r  sect ions .  

Complex geologic s t ruc tu res  t h a t  include rocks as old as  Precambrian a r e  



exposed in coastal  mountains t h a t  f lank the  Bering Sea shel f .  Most of the  

s i gn i f i c an t  s t ruc tu res  t h a t  flank the  she l f  include rocks of Mesozoic 'and 

Te r t i a ry  age. For example, the  o lde s t  exposed rocks in the .southern Alaska 

Peninsula a r e  Upper Ju r a s s i c  s i l t s t o n e  and sandstone of the  Naknek Formation , 

(Burk, 1965). The westernmost exposure of these  rocks i s  i n  the  Black H i l l s  

bordering t he  southern Bering she l f  ( F i g .  3 ) .  There is  geophysical evidence 

( see  below) t h a t  these  a n t i c l i n a l l y  deformed rocks exposed here extend o f f -  

shore northwestwardly along the  Ber ing  Sea margin. 

Cretaceous and 01 der Mesozoic geosyncl inal  rocks of  southwest A1 a s k a  

trend southwestward toward the  Bering Sea she l f  (Fig. 3 ;  Payne, 1955; tloare, 

1961 ; Gates and Gryc, 1963; Patton, 1973).  As noted by Scholl and o thers  

(1975), these  i n t e r i o r  Alaska geosynclinal t rends did  not form along a Mzsozoic 

continental  margin. As important s t r uc tu r a l  fea-Lures, they e i t h e r  d isappear  

southwestwardly beneath the Bering s h e l f  o r . t h e y  turn northwestward and merge 

w i t h  the  b e l t  of Mesozoic deformed rocks t h a t  underl ies the ou te r  pa r t  of t he  

Bering shel f  and i t s  margin (Scholl and o thers ,  1975). We a l s o  suspect  t h a t  

southwestwardly the  two major s t r i k e  s l i p  f a u l t s  of western Alaska, the Denal i  

and Kaltag f a u l t s ,  must e i t h e r  vanish o r  t u r n  northwestwardly t o  pa ra l l e l  t he  

Bering rnargi n .  

The ~ e s o z o i c  rocks of eas te rn  S iber ia  a re  d i v i s i b l e  i n to  two northwest- 

t rending b e l t s ,  the ou te r  or coastal  Kamchatka-Koryak eugeosynclinal complex 

and t he  inner Okhotsk-Chukchi volcanic a n d  plutonic zone ( K i n g ,  1969; Churkin, 

1970; Scholl and o thers ,  1975). The Koryak Range (Fig. 2 )  comprises mostly 

folded Jurass ic  t o  Upper Cretaceous volcanic and terr igenous rocks probably 

over lyi  n g  oceanic c ru s t  (Bogdanov, 1970). A1 though principal  l y  deformed in 

Mesozoic and ear ly  Ter t i a ry  time, the range was a f fec ted  by addi t ional  u p l i f t  



and folding during middle Miocene through ea r ly  P I  iocene time. B u r k  (1965)  

f i r s t  noted the  s im i l a r i t y  of these  fo lded  Mesozoic rocks t o  those o f  southern 

Alaska and the  Kodiak-Shumagin she l f .  He suggested t h a t  these fold  be1 ts  were 

connected via the Bering s h e l f ,  a supposit ion l a te r  supported by Scholl and 

others (1966; 1968; 1975), Hopkins and o thers  (1969), Hopkins and Schol! (1970) ,  

and Marl ow and others  (1 976).  Thus ,  the northwest-trending Kamchatka-Koryak 

fo ld  bel t  turns southeastward a t  Cape Navarin ( F i g .  3 ) .  and continues beneath 

the outer  Bering shel f  and i t s  margin toward the  Alaska Peninsula. Also ,  the 

inner  Siber ian  plutonic and volcanic t e r r a i n  of l a t e  Mesozoic rocks turns 

southeastward near Chukotsk and continues beneath the Bering shel f  t o  S t .  

Matthew Island and perhaps t o  S t .  Lawrence Island (see below) (Patton and 

Csejtey,  1971 ; Scholl and o thers ,  1975; P a t t o n  and o the rs ,  l 9 7 6 ) .  

The Alaska Peninsula and Bris to l  Bay Sasi n 

Br is to l  Bay basin l i e s  north of the  Alaska Peninsula and south o f  a l i n e  

between Cape liewenham and t h e  P r ib i lo f  Islands.  From Kvichak Bay, the b a s i n  

extends southwestward along t h e  northern s i de  of the Alaska P e n i n s u l a  toward 

t he  edge of the  continental  she l f .  The area of the  b a s i n  i s  approximately 

246,000 sq km ( F i g .  4 ;  Hatten, 1971 ) .  The basement morphology of the  basin 

is  asymmetrical i n  cross sect ion.  The  northern flank of the basin i s  defined 

by a basement surface t h a t  d i p s  gent ly  southeas t ,  whereas t o  the  south i t  i s  

more s t e ep ly - i nc l i ned  and crops out  in  the  northern f o o t h i l l s  of the Alaska 

Peninsula ( B u r k ,  1965; Brockway and o thers ,  1975). Approximately 807.. of  the  

basin l i e s  offshore in water depths general ly  l e s s  than 60 m .  

S t ra t igraphy o f  the Bristol  Bay Basin 

The Bris to l  Bay basin i s  f i l l e d  with r e l a t i v e l y  f l a t - l y ing  rtonrnarinc itnd 



shallow marine sedimentary rocks o f  Eocene t o  Holocene age (Hatten, 1971 ; 

Brockway and others,  1975). In the southwestern part  of the  basin, the Cenozoic 

sequence may be underlain by a folded sequence o f ,  Cretaceous. and Jurassic sedi - 

mentary rocks.. To the northeast, between Port Heiden and Becharof Lake, middle, 

and and l a t e  Tertiary sedimentary rocks (Milky River and Bear Lake Formation; 

Figs. 4 ,  5 )  overl i e  Oligocene volcanic and volcaniclastic rocks as  well as 

Jurassic  grani t ic  ,rocks (Hatten, 1977 ; Brockway and others, 19753. 

Mesozoic rocks. The oldest sedimentary rock unit  that  crops o u t  on t he  - 
north side of the Alaska Peninsula along the southern margin of Bristol Bay 

basin i s  the Naknek Formation of L a t z  Jurassic age,  although older rocks a re  

exposed on the  Pacific s ide of the peninsula. Naknek s t ra ta  a re  well exposed 

i n  the mountains of the Aleutian Range from Wide Bay southwest to the Black 

Hi l l s ,  and consist  of a t  l eas t  1500 m of granitic-derived conglomerate, arkosic 

sandstone, and thinly bedded s i l t s tone  (Fig. 5 ) .  The Naknek Formation was 

deposited in a ne r i t i c  marine environment as evidenced by abundant Buchia. 

Conglomeratic units predominate i n  the base of the section and grade upward 

into sandstone and s i l t s tone .  The Naknek Formation conformably overlies 

volcanic-derived sandstone, conglomerate, and s i l t s t o n e  of t h e  Middle Jurassic  

Shelikof Formation in the Wide Bay area. 

In the p o r t  Moller area,  s i l  tstone beds of the Naknek Fa\-mation grade 

upward into arkosic ,sandstone of  the Staniukovich Formation (Figs. 4 ,  5 ) .  

The arkosic composition of the  Naknek s t r a t a  indicates tha t  unroofing of the 

g ran i t i c  Naknek Lake batholith occurred in Oxfordian (Late Jurassic)  time. 

On the Alaska Peninsula approximately 600 m o f  uniformly bedded arkosic 

marine sandstone and s i l t s tone  beds of the Staniukovich Formation conformably 

overl i e  the Naknek Formation. S t r a t a  o f  t-he Staniukovich Forrriation s o n t a i  n 



abundant, large  Buchia indicative of a Portlandian t o  Valangian (Upper Ju ra s s i c  

t o  Lower Cretaceous) age. The Staniukovi ch Formati on i s  in turn conformably 

overl a in  in the  Port Mol l e r  area by the  Herendeen ~ imes tone ;  which cons i s t s  

o f  100 t o  150 rn of dense arenaceous limestone and calcareous sandstone t ha t  

contain abundant Inoceramus prisms. The Herendeen Limestone i s  considered 

t o  be Hauterivian-barremi an ( ea r ly  Early Cretaceous) in age. Rocks of compara- 

b l e  age a l so  occur in t he  Cape Douglas area of south Cook I n l e t ,  and in the  

Matanuska Valley i n  southern Alaska. The Naknek and Staniukavich Formations 

and Herendeen Limestone a r e  s t r a t i g r aph i ca l l y  canfornrable t o  each other ,  b u t  

they a r e  unconformably~overlain by carbonaceous and loca l ly  coal-bearing sand- 

stone, s i l t s t o n e ,  and conglomerate of  the Chignik Formation o f  Late Cretaceous 

age. S ign i f ican t ly ,  no rocks o f  d e f i n i t e  Albian t o  Santonian age ( l a t e  Early 

and ea r ly  Lat? Cretaceous) a r e  known i n  the  Alaska P e n i n s ~ ~ l a  (Burk, 1965). 

The Chignik Formation contains a l a rge ly  nonmarine basal conglomerate 

u n i t ,  the Coal Valley Member, tha t '  i s  l oca l l y  450 rn th ick ( F i g .  5 ) .  Clas ts  

from t h i s  conglomerate consis t  of volcanic and g ran i t i c  rock, and cher t .  The 

conglomerate th ins  l a t e r a l l y ,  grading i n to  carbcnaceous s i l t s t o n e  and sandstone 

t h a t  contain coal seams. The sandstone beds of the  Chignik Formation cons i s t  

of sub-graywackes and l i t h i c  a r en i t e s  t h a t  contain one-fourth t o  three-fourths 

volcanic and  sedimentary (claystone,  s i l  t s t one ,  a r g i l l  i t e )  g r a i n s  (Burk, 1965) .  

Abundant coal a s  well a s  moderately abund~n t  molluscan f a u n a  ind ica te  t na t  

the Chignik Formation was deposited i n  a nonmarine to  shallow marine environ- 

ment. The C h i g n i k  Formation was deposited unconformably on a gently dipping 

erosional  surface c u t  in to  mildly folded pre-Chignik Formation rocks ( B u r k ,  

1965). Upper Cretaceous black s i l t s t o n e  and shale  beds of the  Hoodoo Fonnation 

conformably ove r l  i e  the Chigni k Formation. Hotrcver, -locally i.he C h i  yni k 



Formation i s  unconformably overlain by Tertiary s t raJa  near P o ~ t  Moller, where 

the Upper Cretaceous Hoodoo Formation has apparently been completely eroded. 

Electr ic  well logs in th is  area indicate tha t  the Upper Cretaceous Chignik 

Formation i s  unconformably overlain by Eocene rocks of the Tolstoi Formation 

(Brockway and others,  1975). 

Cenozoic Rocks. Cenozoic rocks on the Alaska Peninsula consist  o f  marine 

and nonrnarine volcanic-rich c l a s t i c  beds t h d t  have a cumulative thickness of 

7500-9000 m (Burt, 1965). 1 it*hologies a re  similar throughput the section, 

f a c i e s  changes a re  common, and intrusive and extrusive ac t iv i ty  has locally 

obscured s t rat igraphic relationships,  The onshore section is  intruded by n u -  

merous basal t ic  and andesit ic dikes and s i l l s .  Presumably igneous rocks a re  

not extensive i n  the offshore Cenoza-ic, section of Bristol Bay b a s i n  north o f  

. - the volcanic vents of the Aleutian volcanic arc .  the Tolstoi Formation of 

Paleocene and Eocene age consists of a t  l ea s t  1500 m of s i l t s tone  interbedded 

wi t h  volcanic sandstone, congl ornerate and breccia tha t  have 1 ocal ly  been i n t r u d -  

ed by dikes and s i l l s  ( F i g .  5 ) .  Much o f  the secticn i s  nonmarine and plant 

remains are abundant in the lower part  of the sequence. 

Conformably overlying the Tolstoi Formation i s  a t  l ea s t  4500 m o f  chief ly 

marine volcanic sandstone, conglomerate, and black s i l t s tone  known as the 

Stepovak Formation ( F i g .  5 ) .  The Stepovak Formation i s  similar t o  the Tolstoi 

Formation in lithology b u t  units in the Stepovak Formation a r e  b e t t e r  sorted 

and contain less  angular grains and more even bedding than units in the Tolstoi 

Formation (Burk, 1965). 

Northeast of  Chi~nik Bay on the Alaska Peninsula, s t r a t a  o f  t he  ToIstoi 

and Stepovak Formations gradationally interf inger  w i t h  volcanogenic rocks t h a t  

include flow, breccia, a n d  conglomerate u n i t s  ( F i g s .  4 ,  5 ) .  Radiometric d a t e s  



from cores in the G u l f  Port Heiden and Great Basins-Ugashik wells confirm that  

volcanic rocks of the  Meshik Formation are  equivalent in age t o  Tolstoi and 

Stepovak s t ra ta .  Meshik rocks occur in the northeast portion of Bristol Bay 

basin b u t  are  not present in t h e  General Petroleum Great Basins Nos. 1 and 

2 we1 1s (Brockway and others,  1975). 

The Meshik and Stepovak Formation are  unconfomably overlain by the middle 

t o  upper Miocene Bear Lake Formation. The Bear Lake Formation consists of 

a t  l ea s t  2100 m o f  sandstone, s i l t s tone  and a basal  congloverate known a s  the  , 

Unga Conglomerate Member. Sandstone beds a re  typically more f r i a b l e  and be t te r  

sorted than older Tertiary rocks. These sandstone units contain approximately 

equzl amounts of quartz and cher t ,  1 i t h i c  fragments, and volcanic fragments. 

Conglomerates contain abundant b l a c k  and white I her t ,  a rg i l l   it^, sedimentary 

rock fragments and s i  1 i c i f i ed  wood (Burk, 1965).  

The Bear Lake Formation i s  unconformably overlain by Pliocene and younger 

sedimentary rocks t h a t  include unconsolidated alluvium and glacial  outwash 

local l y  interbedded with volcanic flows. The P l  iocene Mil ky River Formation 

consists o f  a t  l eas t  920 m of sandstone, conglomerate, and mudstone of marine 

and nonrnarine origin (Brockway and others,  1975). Milky River Formation s t r a t a  

grade upward i n t o  younger unconsolidated sedimentary and volcanic rocks. 

Igneous Rocks. The oldest volcanic rocks known on the A l a s k a  Peninsula 

consis t  of mafic flows and coarse debris interbedded with Permian volcanogenic 

s t r a t a  and Upper Triassic limestone a t  Puale Bay. A thick sequence of volcanic- 

derived sedimentary rocks accumulated during Early and Middle Jurassic time 

b u t  no f low rocks are known t o  be interbedded i n  the sedimentary sequence. 

Active volcanism began a g a i n  j n  the early Tertiary,  contributing large 

volumes o f  debris t o  the Paleogene rocks of  the  Alaska  P e n i n s u l a .  Volcanism 



appears  t o  have abated dur ing  t h e  e a r l y  Neogene and became a c t i v e  aga in  dur ing  

Pliocene-Holocene time. 

.Two major p lu ton ic  episodes J u r a s s i c  and ear1.y T e r t i a r y ,  a r e  known t o  

have occurred  on t h e  Alaska Peninsula .  South of  t h e  Peninsua l ,  an e x t e n s i v e  

ep i sode  o f  ear ly  T e r t i a r y  i n t r u s i v e  a c t i v i t y  occurred i n  the ad jacen t  Shumagin- 

Kodiak slate-graywacke be1 t of southern  A 1  aska (Burk, 1965).  The f i r s t  i n t r u -  

s ive episode  on t h e  Alaska Peninsula  occurred during Early and ~ i d d l e  J u r a s s i c  

t i m e  (154 t o  176 rn. y., Reed and Lanphere, 1973) .  The second i s  Oligocene 

i n  age (26 t o  38 In,y.). 

Summarl ---- 
B r i s t o l  Bay basin probably began t o  subs ide  i n  l a t e  Mesozoic t ime; t h e  

rate of subs idence  has approximately equaled t h e  r a t e  o f  depos i t i on  s i n c e  t h i s  

time. The maximum th i ckness  a t  sedimentary rock in  t h e  deepest p a r t  of t h e  

b a s i n  is  no t  well known but  probably exceeds 3600 t o  4000 rn. The bas in  f i l l  

a p p a r e n t l y  has no t  been fo lded  except  l o c a l l y  along t h e  nor thern  sho re  o f  t h e  

Alaska Peninsula  a t  t h e  southern  edge of the bas in .  

Many o f  the l a t e  Mesozoic and Cenozoic sedimentary rock u n i t s  exposed 

onshore along the  Alaska Peninsula  a p p e a r  t o  extend offshore w i t h i n  t h e  B r i s t o l  

Bay bas in .  The p o s i t i o n  o f  t h e  basin behind the Aleutian a r c  has probably 

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  have 

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  the sedimentary sequences 

a1 ong t h e  A1 a s  ka Peninsula .  

The  no r theas t e rn  ha l f  o f  B r i s t o l  Bay b z s i n  contains as much as 3200 m 

o f  r e l a t i v e l y  f l a t - l y i n g  Cenozoic s e d i m n t a r y  rocks t h a t  inc lude  marine a n d  

nonmarine sands tone ,  s i l t s t o n e ,  s h a l e  u n i t s  a n d  loca l  coal seams. From Por t  

Heiden northward, t h e  Cenozoic s ed in~en ta ry  s2quence o v e r l i e s  J u r a s s i c  g r a n i t i c  



rocks although l a ca l l y  i t  covers volcanic rock of Oligocene a g e ,  Southwest 

o f  Port Heiden, the underlying Oligocene vo1can.i~ rocks a p p e a r  t o  grade in to  

marine sedimentary fac ies  of Oligocene and Eocene age. In wells d r i l l e d  south 

and west of Port Mol l e r ,  Cenozoic sedimentary rocks u n c o n f o h a ~ l ~  over1 i e  marine 

sandstone, s i l t s t o n e  and sha le  beds of Late Ju rass ic  and Late Cretaceous age ,  

a re la t ionsh ip  t h a t  may enhance the  petroleum potential  o f  the  offshore area 

between Por,t Moller and Amak Island.  Of the nine wells d r i l l e d  t o  d a t e  in 

the coastal  lowlands o f  Br is to l  Bay along the Alaska Peninsula, the  f i ve  wel ls  

located south and west of ( and  i n c l u d i n g )  t he  Gulf Sandy River well contain 

the  best  shows of o i l  and gas (Hatten, 1971 ; Brockway and o the r s ,  1975). A 

th ick  marine sect ion within the  Miocene Bear Lake Formation may occur in t h e  

Port Moller area and adjacent  o f f s h o r e  region,  t h i s  implies t h a t  b e t t e r  source 

rocks  may occur in the southwest port ion of Bristol  Bay basin. 

Western Alaska - Bethel and Nushagak Lowlands 

The  areas  here referred t o  as  t h e  Bethel a n d  Nushagak lowlands occupy 

two f l a t l and  zones along the  eas tern  edge of the  Bering Sea between Norton 

Sound and Bris to l  Bay ( F i g .  6 ) .  The Bethel area l i e s  between the  town of 

Bethel and Nunivak Island and i s  crossed by the lower portion o f  the  Kuskokwi~n 

River. To the south,  the  Nushagak lowland i s  located between iqushagak and 

Kvichak Bays and occupies the  d e l t a  region of  the Nushagak River. Much of 

the area i s  covered by s u r f i c i a l  deposi ts  and water and exposures a r e . l i r n i t e d .  

One exploratory we1 1 has been d r i  1  led near Bethel. 

Several northeast- trending t e c ton i c  b e l t s  cross  the lowland areas and 

the intervening Kuskokwim Mountain Range; these i n c l u d e  the Yukon-Koyokuk 

geosyncline, Ruby gean t ic l ine ,  and the Kuskokwim and Alaska Range geosynclines 

(Hoare, 1961 ; Payne,  1955) .  Exposures in the  mountain ranges t ha t  s e p a r a t e  



the two lowland a reas ,  a s  well as geophysical da t a ,  suggest t h a t  up  t o  

6,000 rn o f  Upper Cretaceous,geosynclinal c l a s t i c  sediments underl ie the Bethel 

low1 ands . A simi 1 a r  thickness of Upper Cretaceous graywacke may under1 i e  

the  Nushagak lowland (Cady and o thers ,  1955; Hoare, 1961 ; Mertie, 1938). 

Basement complex. "Economic" basement in  the lowland areas generally cons i s t s  

of rocks o lde r  than Late Cretaceous o r  of  rocks underlying the pre-Kuskokwim 

Group unconformity t h a t  has been dated as middle Early Cretaceous i n  age 

(Hoare, 1961). The basement complex has been severely defclrnied by several 

orogenic events. Basement rocks include: (1  ) gneiss ,  s ch i s t  and quarri t e  

o f  Precambrian age; ( 2 )  limestone of Devonian age  (240-366 m thick and 

l oca l l y  dolomit ic) ;  ( 3 )  the Gemuk group, composed of sedimentary and volcanic 

rocks and ranging in age f ron Carboniferous t o  Early Cretaceous; and ( 4 )  

andes i t i c  volcanic rocks o f  Middle and Late Ju rass ic  a g e  (Figs.  7 ,  8 ) .  

The Gemuk group of rocks cons i s t  of 4500-9000 rn of t i g h t l y  fo lded,  

highly fau l t ed  a rg i l  1 i t e ,  chert ,  greenstone, 1 imestone, graywacke, and t u f f .  

I n  the  western portion of the Kilbuck Mountains 60 miles e a s t  o f  Bethel, 

Middle and Upper Ju rass ic  marine volcanic rocks 600-1500 m t h i c k  are  in t e rbedded  

w i t h  the  c l a s t i c  sequence. These rocks contain marine f o s s i l s  ind ica t ive  

o f  a Ju r a s s i c  age (Hoare, 1961 ) .  - 

Kuskoknirn Group. The Kuskokwim Group cons i s t s  of 6000-9000 m of s t rongly  

folded graywacke, shale ,  conglomerate with minor limestone beds, and l o c a l ,  

highly calcareous sandstone beds; the  group ranges in age f ron l a t e  Early 

Cretaceous t o  middle Late Cretaceous (Figs.  7 ,  8 ) .  C las t i c  cons t i tuen t s  o f  

the  graywacke a r e  s l a t e ,  che r t ,  p h y l l i t e ,  quar tz ,  f e ldspar ,  volcanic rock 

fragments, muscovite, and c h l o r i t e .  Sort ing i s  generally poor and p o r t i o n s  



of  the  Group cons i s t  of a "poured-in" type o f  sedime'nt with very low poros- 

i t i e s .  The composition of these  rocks suggest t h a t  they were derived from 

Lower Cretaceous geanti  cl  inal  up1 i f t s  (Hoare, 1961 ) . - 
Five l i t ho log i c  un i t s  occur within the  Kuskokwim Group. The basal 

un i t  cons i s t s  o f  a massive conglomerate t h a t  reaches a maxir~iurn thickness 

o f  600 t o  900 m and th ins  l a t e r a l l y  t o  about 100 rn. A second overlying 

un i t  c o n ~ i s t s  o f  300 t o  1500 m of t i g h t l y  folded and highly sheared th inly-  

bedded shale.  The t h i r d  un i t  .is composed of interbedded gtaywacke, s l a t y  

shale and pebbly conglomerate beds 3-30 m th ick.  The fourth uni t  cons i s t s  

of thinly-bedded, interlaminated graywacke and shale .  The uppermost un i t  

contains interbedded sha le ,  f i n e -  t o  coarse-grained graywacke, and  pebb ly  

conglomerate; t h i s  un i t  loc;,lly contains abundant fragments o f  carbonized 

wood in addit ion t o  th in  coa; beds 'Hoare, 1961) .  

The Kuskokwim Group i s  generally highly deformed south and east  of 

Bethel. There are  r a p i d  f a c i e ~  changes i n  rocks of the  group. Hard sand- 

stones t h a t  t yp i ca l l y  f r a c tu r e  smoothly across the  grains a r e  l oca l l y  abun- 

dant. The color  of the  grapvacke varies from gray t o  black; f iner-grained 

rocks a r e  general ly  darkly-colored by disseminated carbon (Hoare, 1961 ) ,  

Foss i l s  a r e  absent in the lower pa r t  of thz  Kuskokwim group b u t  a sparse 

fauna o f  pelecypods and cephalopod mollusks as well as  carbonized remains 

of t e r r e s t r i a l  p lants  occur i n  the upper un i t s .  

Ter t i a ry  Rocks. In the  Bethel low1 and a rea ,  post-Cretaceous sedinenxary 

rocks cons i s t  of unconsol idated stream and glacie t -deposi  t ed  s i  1 t ,  s a n d ,  

and gravel t h a t  vary g rea t ly  in thickness b u t  do not exceed 450-600 m in 



t o t a l  thickness. In the Nushagak a rea ,  unconsolidated t o  s l i g h t l y  consoli-  

dated marine sedimentary layers  ( t he  Nushagak Formation, Mertie, 1938)- con- 

s i s t  of gravel ,  sandstone, arkose and c lay  beds t ha t  l oca l l y -  d ip  t o  u p  20'. 

These rocks have been t en t a t i ve ly  designated as  Miocene o r  Pliocene i n  age 

on the bas is  of pelecypods and gastropods col lec ted by C. W. tlcKay between 

1881 and 1834. The thickness of this sect ion i s  not known with ce r t a i n ty  

but probably i s  l e s s  than 600 m (Figs. 7 ,  8) .  

&news  -- Rocks. A var ie ty  of igneous rock types intrude the bedded rocks 

of Bethel basin and range i n  composition from rhyo l i t e  t o  dun i te ,  b u t  gra-  

n i t i c  rocks a re  most corrimon. Small and medium-sized s tocks ,  ranging in 

composition from d i o r i t e  and gabbro t o  b i o t i t e  g ran i te ,  in t rude the  bedded 

rocks o f  the  Kuskokwim Group. T h u s ,  most of the i n t ru s ive s , a r e  probably 

of Late Cretaceous o r  early Ter t i a ry  age. The youngest igneous rocks a r e  

horizontal  ba sa l t  f l ows  of l a t e  Cenozoic age. The flows appear t o  be f r e sh  
' . 

and unconformably over1 i e  01 der ro,cks (Hoare, 1961 ). 

Eastern Siber ia  and Anadyr Basin 

Anadyr basin l i e s  due  west of Alaska's Norton Sound beneath the  south- 

western corner of the Anadyr Gulf, along the  Siberian coast  of the  Bering 

2 Sea (Fig. 3 ) .  Approximately 35,000 km of the basin a r e  onshore and nearly 

2 60,000 km offsfiore. The estimated t o t a l  volume of the ba s in ' s  sedimentary 

3 f i l l  i s  300,000 km (Grigorenko and o thers ,  wri t ten  conn., 1974). Anadyr 

basin i s -  considered t o  have subs tan t ia l  hydrocarbon potent ia l  within a t h i ck ,  

r e l a t i v e l y  f l a t - l y ing  sequence of upper Cenozoic c l a s t i c  rocks. Since 1969 

several  Soviet wells have been d r i l l e d  onshore t h a t  resul ted  in d iscover ies  



OF methane gas and gas condensate. 

Summaries of  the  basin geology, s t ra t ig raphy  and exploratory d r i l l  ing 

onshore t h r o u g h  1971 have been pub1 ished by ~ ~ a ~ i t o v  (1970, 4971 ) and by 

Meyerhoff (1972a, b ) .  The geologic evolution and formation of the  basin 

i s  summarized by Kostylev and Burlin (1966); Dolzhanskiy and others (1966) 

present geophysical evidence fo r  s t r uc tu r a l  in te rpre ta t ion  and subdivision 

o f  major rock uni ts .  I n  the eastern Koryak Mountains, rocks s imi la r  t o  t he  

Franciscan complex of  western North America a r e  faul ted against  rocks simi- 

l a r  t o  the  Great Val1 ey sequence of Cal i fornia  (Bogdanov, 1970). These 

un i t s  f lank the  Anadyr basin t o  the  southeast .  

General Basin Geology. The basement beneath the Anadyr basin cons i s t s  o f  - 
t h r ee  major rock sequences of pre-Senonian (La te  Cretaceous) age (Fig.  9 ) .  

The thickness,  d i s t r i bu t i on ,  and general induration of these  older  sequences 

have been t en t a t i ve ly  established by seismic re f rac t ion  surveys (Dolzhanskiy 

and o thers ,  1966). 

The o ldes t  rocks, as defined by seismic p ro f i l e s ,  appear  in the  

southeastern and eas tern  par ts  of the  basin a t  depths o f  5-6 krn and probably 

cons i s t  o f  Precambrian(?) crys ta l  1 ine  rocks. Crystal 1 i n e  basement i s  over- 

l a i n  by a 1-2 km th ick sequence of s t rongly folded metavolcanic tu f f  and 

marine graywacke of Paleozoic t o  Early or Middle Tr iass ic  age (Dolzhanskiy 

and o thers ,  1966). The two older  sequences a r e  overlain by a 3-4.5 km 

equence of Upper Jurass ic  t o  Valanginian (Lower Cretaceous) s p i l i t i c -  

keratophyric and  weakly metamorphosed graywacke t h a t  loca l ly  contains 

i soc l  inal  a n d  fan-1 i  ke folds (Dontsov and Ivanov, 1965). 

The  o ldes t  rocks i n  the Anadyr basin t h a t  may have petroleum poten-  

t - i a l  a r e  a 1.2 t o  2 krn thick sequence o f  cont inen ta l ,  coal-bearing un i t s  



t ha t  range in age from Senonian (Cretaceous) to Danian (Paleocene). Folding 

appears to  have been active during the deposition of these rocks becau-se 

they are  absent on many flanking structures and wedge out against  these s t ruc-  

tures  (Meyerhoff, 1972a, b;  Dontsov and Ivanov, 1965). 

A Pal eogene sequence consisting of continental and marine cl  a s t i  cs 

up t o  2.0 km thick unconformably overlies the Senonian-early Paleocene section 

( F i g .  9 ) .  These rocks, derived from older metamorphic and volcanic uni ts ,  

become increasingly marine in origin from north t o  south and, l i ke  the under- 

lying section, a re  absent over major fold s t ructures .  The Paleogene and 

older sequences have n o t  been dri  1 led (Agapi tov, 1970, 1971 ; DolzhanskSy 

and others,  1966). 

Middle Miocene and  younger sedimentary rocks form a continuous cover 

across the b a s i n  and have an average thickness of 1.2 km (thickness varies 

f rom several hundred meters t o  2.1 km; Dolzhanskiy and others,  1966). This 

section consists of a marine and continental de l ta ic  complex of sandstone, 

s i l  ts tone,  and shale, interhedded with 1 ocal coal seams (Agapi tov and others ,  

1970). In a l l  the wells dr i l led  prior t o  and during 1971, the  middle Miocene 

section was found t o  d i rec t ly  overlie Lower Cretaceous s t r a t a .  The wells 

appear to  be located on structures where the pre-Neogene section has been 

up1 i f ted by bl,eck-faul t ing; the Neogene section has been transgressi vely 

deposited over the resul tant  topographic highs. Folds in the Neogene section 

were probably formed by draping and d i f fe rent ia l  compaction over these buried 

highs. S imi la r  structures within the Neogene section occur beneath Bristol 

Bay and along the north coas t  of the Alaska Penin'sula (Hatten, 1971 ). 

Middle Miocene sedimentary rocks in the Tsentraluyi depression of 

the Anadyr basin a re  2-3.5 km thick and  a re  considered l i k e l y  areas o f  o i l  

18 



and gas accumulation. Seismic and gravi ty  data 'have defined approximately 

50 local  onshore a n t i c l i n a l  u p l i f t s  ( F i g .  10 )  t h a t  range i n  s i z e  from 5 

km by 7 km t o  7 km by 10 km; the  average c losure  over these highs i s  100- 

2 300 rn over an area of 32 krn . Flank d i p s  a r e  generally low, averaging 2-3', 

i n  cont ras t  t o  d ips  of 40' o r  more i n  the  underlying Senonian-Paleogene 

sequence. Folding of fhe Cenoroi c sect ion resu: ted from block movements 

on northeast- trending fau.1 t s  i n  the folded A basement. Folds within the middle 

Miocene sect ion vary from c i r c u l a r  t o  oval s t r uc tu r e s  in the  northern and 

cen t ra l  area t o  complex,linear compressional fo lds  i n  the  southern s ec to r s .  

I n t ens i t y  o f  folding decreases upward i n  the  sec t ion ,  and the  overlying 

Pliocene sedimentary un i t s  a re  undeformed. Seismic data and dri 11 ing resul  t s  

b o t h  confirm t h a t  the  Neogene sect ion t h i n s  over buried highs (Fig. 9 ) .  

.Mesozoic Sedimentation - Western Alaska and Eastern S iber ia  

The Mesozoic t ec ton ic  h i s to ry  o f  the Penzhina-Anadyr region o f  S ibe r i a  

i s  s imi l a r  t o  t h a t  of the  Kuskokwim-Nushagak area.  A primary cycle of 

eugeosynclinal sedimentation occurred throughout'much of  Ju rass ic  time and 

was terminated by an episode o f  Early cretaceous folding and the emplacement 

of l a rge  g r a n i t i c  plutons. The Ju r a s s i c  cycle of sedimentation was accom- 

panied by extensive  s i l i c i c  volcanism t h a t  comprise andes i t i c  flows, t u f f ,  

and breccia (Fig. 6 ;  Agapitov and Ivanov, 1969). 

In the  Penzhi na-Anady r region,  the  'primary cycl e of 'geosyncl i nal 

sedimentation l a s t e d  from Late Ju r a s s i c  t o  Valanginian (Early Cretaceous) 

t ime ,  d u r i n g  which 3,000 to  4,000 m o f  sediment accumulated in .a s e r i e s  

o f  elongate north t o  northeast- trending basins. In the Kuskokwim 



Mountains-Nushagak a rea ,  the primary geosynclinal stage i s  represented 

by t h e  Gemuk Group, which includes rocks ranging in age from Mississippian(?) 

t o  Early Cretaceous and l o c a l ,  andes i t i c - r i ch  rocks.of Middle t o  Late Ju r a s s i c  
r, 

age. Thickness est imates of the  Gemuk group range frdm 4 5 0 0 ' t o  9000 rn (Hoare, 

A f t e r  deposit ion and folding of t he  geosyncl inn1 rocks in western Alaska 

and eas te rn  S iber ia ,  a second cycle o f  eugeosyncl inal  deposit ion began in 

Barremian (Early Cretaceous) time. During the  second cycle,  6000-9000 rn o f  gray- 

wacke,' sha le ,  and conglomerate accumulated in f i v e  elongate basins around the  

Bering Sea. Four of these basins a r e  located i n  western Alaska and one i n  t h e  

Penzhina-Anadyr region of Siber ia .  By middle Senonian (middl e Late Cretaceous 

time), deposit ion was succeeded by folding and plutonism t h a t  l oca l l y  continued 

i n to  ea r l y  Ter t i a ry  time. 

. A t h i r d  or " l a t e "  s tage of  sedimentation occurred in the  Penzhina-Anadyr 

region during Paleogene-Neogene time. continental  and shallow marine sedimentary 

rocks and widespread nonmarine b a s a l t i c  volcanic rocks accumulated in i so la ted  

block-faulted basins. Ter t iary  sediment i s  sparse within the  Bethel and Nushagak 

low1 and areas.  Most Ter t i a ry  rock cons i s t s  of f l a t - ly ing  nonrnarine basal ts .  

St ructure  of the  Outer Bering Sea Shelf 
- 

Three i n t e rp r e t a t i ve  drawings of seismic r e f l e c t i on  p r o f i l e s ,  5-16> 5-5, 

and 8-92, reveal s t ruc tu res  representa t ive  of the  outer  o r  southern Bering Sea 

she l f  and i t s  margin (Figs. 11, 12, and 13) .  Other p ro f i l e s  have been published 

previously by Scholl and o thers  (1966; 1968), Schol l  and Hopkins (1969), and  

Schol 1 and Marlow (1 970b). 

P ro f i l e  S-16 . Line 5-16 extends northward from near Unimak Island t o  the  west- 

ern t i p  of Nunivak Island (Figs .  2 and 11 ) .  Acoustic basement, shown 



by a heavy 1 ine underlain by dots,  has been sampled a t  the nearby dredge 

s i t e  TT-1 in Pribilof canyon (Fig. 2 ) .  Here deformed and l i t h i f i e d  mudstone, 

si7 tstone, and sandstone of  Late Cretaceous (Campanian) age were recovered 

(Scholl and others,  1966; Hopkins and others,  1969; see below), Near the 

shelf  edge (1000-1400 hrs,  F i g .  11) ,  a 50-km-wide ridge of these and related 

rocks that  form the acoustic basement underlies more than 3 km o f  f la t - ly ing  

to  gent ly  deformed sedimentary beds. ~ o r t h  and south of the ridge, basement 

disappears from the  seismic record a t  depths corresponding t o  a one-way 

ref lect ion time greater than 2 seconds ( i  .e.,  approximately 6.3 km; Fig.  

14). 

The northern edge o f  t h i s  ridge forms the southern flank of S t ,  George 

basin, a narrow, faul t-bounded basin extending northwestward from near Unimak 

I s l a n d  t o  the Pribilof Islands (Figs. 3 ,  11, and 15) .  Beneath the axial part 

o f  the basin the acoustic basement i s  deeper than 2 sec. (6.3 km). North '-' 

of the  basin the acoustic basement l i e s  near a subbottom depth of 1 km (0600- 

1600 hrs, F i g .  11). Numerous limbs of erosionally beveled folds are  resolvable 

within t h e  basement ( F i g .  11 ). The s t r i k e  of these intra-basement structures 

i s  not known in d e t a i l ,  b u t  our profi les  indicate a s t r ike  general ly  paral le l  

t o  tha t  of the Bering Sea margin,  i .e . ,  northwestwardly (Figs. 2 and 3 ) .  

Northward along Line 5-16 the surface of t h e  acoustic basement r ises 

gradually. Adjacent t o  Nunivak Island the basement r ises  t o  within a few 

hundred meters of the sea floor.  T h i s  shallow, platform-like basement h i g h  

has been ca l l  ed the Nunivak arch by Scholl and Hopkins (1969). 



A 

Beneath the she l f ,  sedimentary rocks overlying'acoustic basement 

were informally named the "main layered sequence" by Scholl and others (1968; 

1975);  they describe the sequence as semiconsolidated terrigenpus and diato- 

maceous deposits of low velocity (1.7 km/sec; Shor, 1964). T h e  sequence 

i s  thought to  be mainly of Neogene age, a1 though some middle 01 igocene rocks 

have been dredged from the sequence near Zhemchug Canyon (Table 2 ,  Fig. 2;  

Scholl and others,  1966; 1975; Hopkins and others,  1969) .  As revealed beneath 

the southern end o f  Line 5-16 ( F i g .  l l ) ,  the main layered sequence appears 

t o  be separable into two acoustic units.  The upper uni t  consists of strongly 

re f lec t ing ,  undeformed beds, whereas t h e  lower uni t  i s  made u p  of weakly 

re f lec t ing ,  almost transparent layers tha t  a re  moderately deformed. Although 

t h i s  interpretat ion i s  subject t o  uncertainties induced by multiple ref lect ions 

and down-section signal attenuation, regional seismic l ines ,  dredge d a t a ,  

and s t ra t igraphic  information gained a t  Deep Sea Drill ing Project (DSDP)  

s i t e s  in the Bering Sea ( ~ r e a g e r ,  Scholl and others, '  1973) suggest that  the 

main layered sequence consists of a t  l e a s t  two major uni ts .  Near the shelf 

edge, the upper unit  of l a t e  Miocene and younger age i s  richly diatomaceous, 

whereas the lower unit  consists of terrigenous c l a s t i c s  of early Tertiary 

through early F.liocene age, 

Both the upper and lower sedimentary units a re  broken by basinward- 

d i p p i n g  normal f a u l t s  ( F i g s .  3 and 11 ) .  Deeper beds a re  progressively more 

o f f se t  than overlying beds, indicating t h a t  the fau l t s  are growth-types and 

tha t  the deposition in S t .  George basin has been contemporaneous with basin 

subsidence. Basinward thickening of  beds in the lower sequence i l  so suggests 

tha t  subsidence a n d  sedimentation occurred simultaneously. Furthermore, a 

subt le  b u t  de f in i t e  divergence in d i p  between the upper a n d  lower units i n i p l i e s  



t h a t  the r a t i o  of ' the  r a t e  of sedimentation ' t o  subsidence increased during 

deposi t ion o f  the upper sequence. North of the b a s i n ,  beds o f  the main 

layered sequence a r e  v i r t u a l l y  f l a t - l y i n g ;  here .they bury a gently concave 

basement surface  (0100-0600 hrs, F i g .  11 ) .  Beds in the lower sect ion appear 
0 t o  onlap onto the f lanks of a basement swale near 57 N. Those of the upper 

sec t ion  lap  northward over the  southern f lank of Nunivak arch,  which evi- 

dent ly  has remained r e l a t i v e l y  stab1 e during regional subsidence of the  

inner  Bering Sea she l f .  * 

P r o f i l e  S-5. North of i t s  outcrop on t h e  continental  s lope,  betwezn 0100 - - 
and 0700 hours on p ro f i l e  S-5 (Fig. 12) ,  the sur face of the acoust ic  base- 

ment r i s e s  t o  f o rm  two d i s t i n c t i v e  highs,  Garden and Pr ib i lo f  r idges.  

Steeply  dipping and truncated r e f l e c t o r s  within the  basement suggest t h a t  

P r i b i l o f  r idge is antiformal i n  s t r uc tu r e .  North of the ridge the top o f  

t h e  s l i g h t l y  unduiating surface  of the  basement descends below 1.5 km. 

A low r i s e  separates  two of the  basement lows, Inner and Ot ter  basins. 

To the  north (between 50' and 6 0 ' ~ )  t h e  basement surface  r i s e s  t o  within 

a hundred meters o f  the sea f l oo r .  T h i s  high is par t  of the broad Nunivak 

arch ,  which i s  subaer ia l ly  exposed a t  nearby S t .  Matthew Island (Figs. 2 ,  

3 and 1 2 ) .  The island i s  underlain by igneous and sedimentary rocks o f  L a t e  

Cretaceous and ea r ly  Ter t iary  age (Patton and o thers ,  1976).  F a i n t  r e f l ec -  

tors below the  acoust ic  basement out l in ing  the arch  dip  t o  the  s o u t h ,  o r  

away from the is land.  

The Cenozoic sedimentary sequence over ly ing . the  basement is  nearly 

f l a t - l y ing .  Strongly r e f l e c t i ng  beds make u p  the entire section,  which 

may ind ica te  t h a t  only the upper un i t  of the  main layered sequence i s  present  

here. Vert ical  t o  s teeply dipping f a u l t s  break the sedimentary section 

in only a f e w  areas south o f  58'19; only orie f a u l t  (0400 hrs, F i g .  12)  appears 



t o  of fse t  basement rock. The beds of the main layered sequence onlap base- 

ment highs, again indicative o f  a slow transgression over a subsiding 

basement. . . 

Prof i le  6-92.  A third seismic l ine ,  B-92 (Figs. 2 and 13) ,  traverses the 

northwestern shelf area between S t .  Matthew Island and near Cape Navarin. 

A t  the southern end of the prof i le  the acoustic basement crops o u t  on the 

upper cont inental~slope.  Discontinuous ref lectors  indicate tha t  the basement 

i s  in part  deformed sedimentary beds. Rocks thought t o  be ,from the basement, 

dredged a t  a water depth o f  2,500 m, ar2 c a l c a r e ~ u s  a r g i l l i t e  and calcareous 

1 i t h i c  volcanic wacke (samples 70-892 -3S1, -3S2, ~ 3 5 5 ,  -357, Table 2 ) .  

Many o f  these rocks a re  fractured and secondarily cemented; no diagnostic 

f o s s i l s  were .found. Imediately north of the continental slope, the sur- 

face of the acoustic basement ascends over a broad basement high centered 

n,ear 1130 hrs (prof i le  5-92, Fig. 13). Farther north along the southern 

f l a n k  o f  Navarin basin, t he  basement descends below a sub-shelf d e p t h  greater  

than 2.0 sec. (Figs. 13 and 14) .  A basement high peaks near 0300 hrs ( a t  

a depth of 1 .7.sec,  4.8 km) and divides the basin into two parts ,  each o f  

unknown depth. North o f  about 61 O N ,  acoustic basement c i  imbs i r regular ly 

to  within 500 m of the sea f loor  as Nunivak arch i s  approached, Only a 
- 

few discontinuous scb-basement re f lec tors  were resolved near the northern 

end of  the 1 ine. Near 2100 hrs these ref lectors  dip t o  the north, b u t  closer 

t o  t h e  c re s t  of the arc  (as along Line S -5 ) ,  the ref lectors  dip to  the south. 

Navarin basin i s  an enormous sediment-filled basin nearly 190 km wide 

(1000-2100 hrs,  Fig. 13). The layered sequence f i l l i n g  the s t ructural  basin 

consis ts  o f  a lower and an upper unit. The lower unit ,  l ike  that  recorded 

in S t .  George basin ( p r o f i l e  5-16, Fig. 1 1 ) ,  is  made up of weakly ref lect ing 



beds t h a t  thicken toward the  basin center .  Along the northern f lank of 

Navarin basin (0000-2100 hrs ,  Fig. 13)  the  gent ly  dipping lower un i t  i s  over- 

l a i n  discordantly by the  upper sequence. The upper u n i t  extends across 

the e n t i r e  shel f  and onlaps northward onto Nunivak arch. Both sedimentary 

sequences a r e  broken by ve r t i c a l  o r  high angle normal f au l t s .  The f a u l t  

near 2330 h.rs and t h a t  near 0600 hrs show increasing o f f s e t  with depth, 

siiliilar t o  the  growth f a u l t s  t h a t  break the  main layered sequence of Line 

S-16 (Figs. 11 and 13 ) -  

Bering Sea S h e l f  - St ruc tu ra l  Provinces -- -- ..-- - -- 
The s t r uc tu r a l  contour map of Figure 15 i s  based on approximately 

23,500 km of seismic r e f l e c t i on  data  (F ig ,  2 ) .  Depths i n  time from the  

sea f l oo r  t o  acoust ic  basement (thought t o  be an a n g u l a r  ur~conformity 

mostly separating Mesozoic and Cenozoic rocks) have been converted t o  

d is tance  using the  thickness versus t r ave l  t i n e  curve shown in Figure 14. 

This curve i s  based on da ta .ga thered  over d i f f e r e n t  areas o f - t h e  Bering 

Sea, thus i t s  appl ica t ion t o  the  main layered sequence of the ou te r  Bering 

Sea she l f  i s  warranted only f o r  the  ca lcu la t ion  of approximate or general 

thicknesses.  

Based on the  thickness and d i s t r i b u t i o n  of the Cenozoic deposi ts  ( F i g .  

1 5 ) ,  the  cen t ra l  and southern Bering Sea shel f  can be divided i n to  t h r ee  

s t r uc tu r a l  provinces - -a southern province of  narrow northwest-trending 

basins extending along and para l l e l  t o  the  continental  margin between Unirnak 

Island and Zhemchug Canyon, a no r thwes t~ rn  province t ha t  comprises the  h u g e  

Navarin basin of  the  outer  Bering Sea she1f;and a northern province of 

th inner  deposi ts  t ha t  includes Idunivak arch and the northeast- trending 



S t .  Matthew basin ( ~ i g s .  2 ,  3 and 15) .  

Southern Province. The southern province i s  bordered to  the north 

by N u n i v a k  arch (Figs. 3 and 15; Scholl and Hopkins, 1969), a broad, thinly- 

mantled basement high (F igs .  11, 1 2 ,  and 13) .  To the south the province 

i s  flanked by the moderately steep (3-7 degrees) Bering Sea continental 

slope leading t o  the abyssal depths of the Aleutian Basin. This province 

js characterized by a ser ies  of northwest-trending l inear  basement ridges 

and basins buried, respectively, beneath as l i t t l e  as a few hundred meters 

t o  more t h a n  6.3 km of sediment (Figs. 3 and 15, Table 1).  S t .  George basin, 

the la rges t  basin in the province, i s  a t  least  300 kin long and 50 km wide. 

A f ree-a i r  gravity l o w  (P ra t t  and others,  1972; Fig. 1 7 )  suggests tha t  a 

closely related,  o r  possibly a separate b a s i n ,  may l i e  on str ike t o  the 

southeast o f  St .  George basin. This smaller basin (Amak basin, not shown) 

a trends northwest-southeast and extends to  within 10 km of the Alaska Peninsula. 

Acoustic d a t a  indicate tha t  the sedimentary sequence of  S t .  George basin 

is.rnot-e than 6.3 km thick; depth solutions from magnetic data suggest a 

possible maximum depth of 10-12 km t o  magnetic basement. 

Flanking S t .  George basin along i t s  southern side are two basement 

ridges; these extend northwestward to  the vicini ty  o f  the Pribilof Islands 
+ 

(Figs. 3 ,  11, and 1 5 ) ,  where they connect w i t h  a 500-km-long ridge, Pribilof 

ridge, that  i s  subaerially exposed a t  the Pribilof Islands (Figs. 3 ,  12, 

and 15) .  The northern of the t w o  flanking ridges, outlined by the 1.0 km 

contour on Figure 15, i s  rather deeply buried beneath Cenozoic deposits 

and i t s  r e l i e f  i s  not great . ,  I n  contrast ,  the southern ridge, defined by 

the 0.5 t o  3.0 krn contour on Figure 15, has considerable r e l i e f  (2 .5  krn), 

which lessens t o  the southeast where the ridge i s  more deeply bur ied .  



Gravity data suggest tha t  t h i s  ridge may cross,  and therefore close o f f ,  

the southeast end of St.  George basin, possibly in alignment with a l inear  

be l t  of gravity highs extending offshore from the Black Hills on  the Alaska 

Peninsula (Pra t t  and others,  1972, Fig. 3; Figs. 3, 15 and 17). Unfortu- 

nately,  we have no seismic d a t a  coverage in the area to  validate these 

gravi ty trends. 

The northwest-trendi ng Pri b i  1 of ridge bifurcates much of the southern 

she1 f province (F igs .  2 and 15). Three elongate sedimentary basins north 

o f  the ridge, Walrus, Inner, and Otter ,  trend parallel  t o  the ridge and 

exhibi t  moderate s t ructural  re l ie f  of 0.3 t o  0,5 km beneath a v i r tua l ly  

f l a t  shelf f loor  (Figs. 12 and 15 ,  Table 1 ) .  South and west of  Pribilof 

ridge are four sediment-fi 1 led depresrions, Pri b i  lo f ,  Garden, Ualnoi , and 

Zhemchug basins; two of these l inear  basins, Pribilof and Zhemchug, were 

i n i t i a l l y  described by Scholl and Hopkins (1969). Both of these basins, 

a1 though fundamental ly s t ructural  depressions, a1 so exhibit  considerabl e 

sea f loo r  geomorphic r e l i e f  (1.0 to  2.0 krn) because t h e i r  sedimentary f i l l s  

have been partly removed by headward cutting o f  the exceptionally large 

Pr ib i lof  and Zhemchug Canyons (Figs. 2 ,  3, and 15; Scholl and Hopkins 

1969; Scholl and others,  1970a). 

Underlying the outer edge of the  southern shelf province are two base- 

ment ridges,  Garden and Dalnoi (Figs. 3 ,  13, 15 ;  Table 1 ) .  Like Pribilof 

ridge, both ridges s t r i k e  parallel t o  the northwestward trend of the Bering 

Sea margin. Garden ridge r i ses  t o  within 0.75 krn of  the shelf f l o o r ;  the 

top of Dalnoi ridge i s  s l ight ly  deeper. The surface o f  the folded basement 

rock forrni n g  the southwestern flanks of both ridges plunges southward beneath 



the continental slope toward the f loor  of the Aleutian Basin. Irregular 

bathymetric contours along the slope in part  r e f l ec t  erosional re l ie f  cut 

into the basement flanks of Pribi lof ,  Garden, and Dalnoi ridges by an episode 

o f  l a t e  Cenozoic canyon cutting (Scholl and others,  1774; 1975).  

A number of fau l t s  can be mapped regionally (Fig. 3 )  in the southern 

province. For example, the basement underlying St .  George basin i s  down- 

Faulted on both f ianks ,  implying t h a t  this basin i s  a graben. Other l inear  

basins (e.g., Pr ib i lof ,  Walrus, Zhernchug, and Dalnoi) are  flanked on one 

o r  both sides by normal f au l t s ,  implying tha t  these basins are  e i ther  grabens 

or h a l f  (asymmetric) grabens. Linear f a u l t  scarps also border Pri bi l o f ,  

Dalnoi, and Garden ridges; however, only one flank of these ridges appears 

t o  be f a u l t  Control l ed ,  thus they are  probably rotated or t i 1  ted f a u l t  

blocks rather than simple horsts. 

Northwestern Province. The northwestern shelf province i s  also bor- 

dered t o  the no r th  by Nunivak arch (Figs. 3 and 15). This province i z  

dominated by the enormous Navarin basin (Table 1 ). Although our seismic 

coverage of the northern half o f  Navarin basin i s  poor, we esti.mate tha t  

the basin i s  a t  leas t  400 km long and 190 km wide, Seismic l ines  indicate 

tha t  i t s  sedimentary f i l l  i s  a t  l eas t  6.3 km thick (Figs. 13 ,  1 4  and 15) .  

However, by projecting the downward sloping subsurface flanks (acoustic 

basement) of the  basin towards i t s  ax is ,  a thickness closer t o  10-11 krn 

i s  indicated. The volume of  the sedimenta-ry f i l l ,  based on an area of 

2 80,000 km over deposits th icker  than 2 k m ,  i s  more than 400,000 km 3 

(Table 1 ) .  

Beneath the outer shelf and upper continental slope the southwestern 

s ide of  Navarin basin i s  bordered by Navarin ridge and a narrow, intervening 

down-faul ted trough f i l l e d  with more t h a n  2 krn of sediment ( F i g s .  3 and 1 5 ) .  



Navarin r idge,  a  northwestwqrd-trending basement high, i s  buried beneath : 

Cenozoic sediment 0.5 t o  1.0 km th ick.  The southeastern extent  of Navarin 

basin is  poorly known, b u t  the basin may connect with Zhemchug basin under- 

ly ing the head of Zhemchug canyon (Fig. 3 ) .  Also because of data  l imi ta-  

t i ons ,  the  northwestern l i m i t  of Navarin basin i s  unknown. A s i ng l e  re- 

f l e c t i o n  p r o f i l e  o f f  Cape Navarin crosses northwest of the basin,  however 

(Figs.  2 ,  3 and 15). 

~ e c a u s e  seismic r e f l e c t i on  coverage over Navarin basin i s  poor, only 

a few f a u l t s  (undoubtedly there  are  many more) a r e  known (F ig .  3 ) ;  a l l  a r e  

extensional  normal ruptures. Numerous o f f s e t s  in the  sedimentary deposits 

northwest of the basin were found close t o  Cape Navarin. Some of these  

probably a r e  continuous o r  associa ted,  with,  northwest-str iking f a u l t s  

c u t t i n g  Mesozoic and Cenozoic rocks (of the  Koryak Range) exposed i n  t h e  

v i c i n i t y  of the cape (Figs. 2 and 3 ) .  

Northern Province. ~ u n i  vak arch domi nates the  northern province, 

r i s i n g  above the  surrounding she l f  provinces a s  a platform-like basement 

high t h a t  was f i r s t  described by Scholl and Hopkins (1969).  They specula te  

t h a t  i t  is  the  offshore  continuation of the  folded Mesozoic rocks of t h e  

Yukon-Koyukuk geosyncline. Nunivak Is land,  a subaerial  s ec to r  o f  Nunivak 

a rch ,  i s  underlain by shallow marine rocks o f  Late Cretaceous age (Hoare 

and o the r s ,  1968). More recent seismic r e f l e c t i on  data have allowed us 

t o  modify t h e  o r ig ina l  ou t l ine  of Nunivak arch ( F i g .  3 )  shown by Scholl 

and Hopkins (1969, Fig. 3 ) ;  .our boundary i n d i c a t e s  t h a t  b o t h  S t .  Matthew 

and Nunivak Islands r i s e  above t h e  arch.  However, the re  a r e  i n s u f f i c i e n t  

da ta  t o  de f ine  the northern and southeastern l im i t s  o f  Nunivak arch. I t  

i s  no t  known, fo r  example, i f  i t s  northern boundary encompasses S t .  Lawrence 

Island ( F i g .  3 ) .  Numerous small breaks ,  mostly normal f a u l t s ,  rupture  the 



sedimentary cover  over1 apping Nunivak arch (Fig. 3 ) .  

Two elongate basins,  S t .  Matthew and Hall,  occur within the  northern 

province (Figs.  3 and 1 5 ) .  S t .  Matthew basin trends northeastwardly and 

i s  approximately 280 km long (Table 1 ). Hall basin,  much smaller ,  l i e s  

perpendicular t o  t h i s  trend a t  t he  southwestern end o f  S t .  Matthew basin. 

Both bas ins  a r e  i r r egu l a r l y  shaped and contain less than 1.5 km o f  presumed 

Cenozoic sediment overlying a downwarped basement of ~ e s o z b i c  and possibly 

P a l e o z o i c  rock, The  elongate S t .  Matthew basin, l i e s  on s t r i k e  w i t h  the  

offshore project ion of  the  Kaltag Faul t ,  a major s t r i k e - s l i p  f a u l t  in west- 

ern Alaska ( F i g .  3;  P a t t o n  and Hoare, 1968; Scholl and others  1 9 7 0 ~ ) .  

Bering Sea Shel f  - Potent ia l  Field Data 
-> 

Magnetic Data. High-amp1 i tude (1000 gamna or  g r ea t e r )  and high- 

frequency (wave1 engths 1 ess  than a kilometer) magnetic anomal ies  a re  

c h a r a c t e r i s t i c  of much o f  the Bering Sea she l f .  In the  Bris to l  Bay region,  

an east-west boundary separates  a band of high-frequency, high-amp1 i tude 

anomalies from an area of low-amplitude anomalies t o  the  south ( F i g .  16) .  
0 The boundary, approximately along l a t i t u d e  56 N, extends westward from 

the  Alaska Peninsula t o  the Pr ib i lo f  Islands (Fig. 16 ;  Prat t  and others ,  

F ig .  2 ,  1972) .  -P r a t t  and others  (1972) suggest t h a t  t o  the  east  the northern 

b e l t  of h igh- intensi ty  anonlalies may swing north in to  southr~estern  Alaska, 

possibly r e f l e c t i ng  the  magnetic s ignature  of in t rus ive  bodies within t he  

Gemuk series (mapped in  the Kuskokwim River region by Hoare and Coonrad 

The southern l im i t  o f  the high-intensity magnetic b e l t  general ly  

f a l l s  along t h e  southern edge o f  N u n i v a k  drch. A l s o ,  the  southern 



l imit  of the bel t  i s  generally coincident with the northern boundaries 

o f  the large outer shelf basins such as S t .  George and Navarin (Figs. 3 ,  

15, and 16).  However, in the vicini ty  of the Pribilof ~ s l a n h s ,  the be l t  

may extend far ther  south t o  include Pribilof ridge. West of S t .  Matthew 

Island, the southern edge of the be l t  appears t o  turn northwestward toward 

the Chukotsk volcanic te r ra in  of eastern Siberia.  The northern l imi t  of 

the anomaly bel t  cannot be drawn (awing t o  a l a c k  of d a t a )  east  of Nunivak 

Is land .  West of the  island, the northern boundary i s  sharply defined a s  

the anomalies in the v ic in i ty  o f  S t .  Matthew basin are of low amp1 itude. 

The boundary appears to swing in a northwestern arc towards the Gulf o f  

Anadyr and the Chukchi volcanic be1 t (Figs. 3 and 16) .  

The southern area of low-amplitude magnetic anomalies generally under- 

l i e s  St. George and Navarin basins. The zone extends southwestward beyond 

the shelf edge to  the base of the continental slope. However, local sharp 

anomalies occur over basement highs such as Pribilof and Navarin ridges 

and near Cape Navarin (Figs. 3 and 16).  

Gravity Data.  Large negative gravity anomalies (below - 100 m gals)  
- 

along the Bering Sea margin are  res t r ic ted  t o  deep water areas such as 

those near Pribilof and Zhernchug Canyons (Fig. 17) .  Small, localized nega- 

t i v e  anomalies are  associated with S t .  Matthew b a s i n ,  and a broad, region- 

a l  low occurs east  of S t .  Matthew Island (Figs. 3 ,  1 5  and 1 7 ) .  Relative 

lows (not necessarily negative anomalies,) are  found  over much of the she l f ,  

Most o f  these a re  centered over and along areas of s t ructural ly  depressed 

basement detected in  the seismic d a t a .  However, a number of re la t ive  gravity 

lows a re  located over the flanks or crestal  areas o f  broad basement h ighs  

or  upwarps such a s  Nunivak a r c h ,  & i c h  are overlain by a f la t - ly ing  or gen t ly  



dipping sedimentary mantle. Seismic ref lect ion records reveal that  these 

lows are  associated with possible intrabasement synclinal structures in 

the so-called acoustic basement. O u r  seismic da ta  are insuff ic ient  t o  

define these structures.  

A number of re la t ive  gravity highs, many exceeding 100 mgals, are  

correlat ive with acoustic-basement highs, for  example, Navarin and Pribilof 

ridges (Figs. 3 ,  I5  and 17). However, the southwestern flank of Nunivak 

arch i s  apparently not associated with a re la t ive  gravity high, and anomalies 

over the opposite northeastern -flank of the arch are actually regionally 

depressed. A west-trending anomaly high in the Bristol Bay area i s  on  

s t r i k e  with the o-ffshore projection of an t ic l ina l  structures in Jurassic  

rocks exposed a t  the Black Hi l l s ,  Alaska Peninsula (Figs. 3 and 1 7 ;  Pra t t  

and others,  1972, Fig. 3 ) .  

Geologic History of the Bering Sea Shelf and Margin 

Mesozoic and Cenozoic Tectonic Settinq - 

Reconstructions of re la t ive  plate  motion indicate that  the Kula plate  

extended into t h e  area of the  Bering Sea during Mesozoic time (Scholl and 

Buffington, 1970; Larson and Fitman, 1972; Larson and Chase, 1972; Scholl 

and others ,  1975; Cooper and others 1976a, b ) .  The re la t ive  motion of  the 

Kula plate  and Alaska (North America p la te )  i s  t h o u g h t  t o  have been more 

or less parallel  t o  the Bering Sea margin b u t  perpendicular t o  eastern 

Siberia.  However, apparently there was some ~nder thrus t ing  of the Bering 

Sea margin by the Kula. plate during the Mesozoic, a1 though quant i ta t ively 



the amount of underthrusting was probably g rea te r  beneath the adjacent  eas te rn  

S iber ia  region. 

A t  the end of the  Mesozoic o r  in the  e a r l i e s t  Ter t i a ry ,  the insu la r  

Aleutian a r c  began t o  form in the  deep oceanic area along the  curving pro- 

j ec t ion  of the Alaska Peninsula (Scholl and Buffington, 1970; Hopkins and 

Schol l ,  1920; Marlow and o thers ,  1973; Scholl and o thers ,  1975). Formation 

o f  the a r c  trapped a piece of the  Kula p l a t e  north of i t, ,thereby forming 

the abyssal f loar  of the Bering Sea. Entrapment terminated underthrust ing 

o f  t'he Kula p l a t e  beneath the Bering Sea margin. T h u s ,  compressional de- 

formation of the margin ceased in e a r l i e s t  Ter t i a ry  t i ne .  Since the  e a r l y  

Ter t i a ry  the  margin has been up1 i f t ed  and extensionally deformed; subse- 

quent subsidence i n  many areas has been over one kilometer. 

Formation of Mesozoic Basement Rock 

Underthrusting along the  Bering Sea margin resul ted  in  the  

formation and subsequent fol'di n g  and in t rus ion  of eugeosyncl inal  rocks 

a long  the  outer  edge of the margin. Terrigenous deposits  of Mesozoic age 

probably accumulated within the forearc  ( i . e . ,  arc-trenchgap of Dickinson, 

1974) basins and troughs of the margin. These beds were probably folded 

and accreted t o  the  margin in  a manner s imi la r  t o  t ha t  anvisioned f o r  the 

Mesozoic margin o f  western North and Central America by.Bailey and Blake 

(1969),  Hami 1 ton (1969), Ernst ( 1  970),  Page (1970a; 1970b), Bai 1 cy and 

o thers  (1970),  Hsu (1971 ) , and Seely and others  ( 1 9 7 4 ) .  However, we do 

not believe t h a t  t rench deposi ts  cons t i t u t e  a s i gn i f i c an t  f r a c t i on  of the 

folded rocks, which now form the basement complex underlying the  ou te r  

hal f  of the Bering Sea shel f  ( F i g .  18 ) .  These forearc  beds were intruded 



by ul tramafic bodies that  a re  local ly  exposed in ,the Pribilof Islands (Barth, 

1956). A1 though undated, these intrusive rocks are  probably Mesozoic i n  

age (Scholl and others,  1975). 

As a r e su l t  of underthrusting beneath the Bering Sea margin, a Mesozoic 

orogen formed above a ~ i d e  subduction zone, a tectonic process.widely hypoth- 

esized fo r  active p l a t e  margins (Dickinson, 1974) .  Orogenic ac t iv i ty  culminated 

in the formation of coastal mountain ranges o f  uplifted eugeosynclfnal 

rocks. F lank ing  the growing coastal ranges on  t h e  i nne r  half of the margin, 

a wide magmatic arc formed during the Mesozoic and e a r l i e s t  Tertiary (Fig. 

18),  Remnants of th i s  arc are  exposed on S t .  Matthew and S t .  Lawrence Islands 

(Fig. 3 ) ,  and these igneous rocks extend offshore as part o f  the basement 

rock benezth the central area of the Bering Sea she l f ,  M~grnatic rocks 

exposed on these islands a re  Late Cretaceous and ea r l i e s t  Tertiary in age 

(see above; Patton and Cse j tey ,  1971; Cse j tey  and others,  1971; Csejtey 

and Patton, 1974; Patton and others,  1976) .  

A f t e r  the cessation o f  underthrusting in l a t e s t  Cretaceous o r  e a r l i e s t  

Tert iary time, b o t h  the  eugeosynclinal coastal rocks of the forearc and 

the igneous rocks of the inner rnayatic arc were uplifted and deeply eroded. 

Beveling of  the central area o f  the shelf  formed the  bedrock platform of 

Nunivak arch ( F i g s .  3 ,  1 5 ) .  A t  the  same time the compressional dzformation 

t h a t  formed the bedrock of the outer p a r t  of the shelf and the adjacent 

margin changed t o  extensional r i f t i n g ,  thereby forming the outer subshelf 

basins. Extension and subsidence has continued during much o f  Cenozoic 

time ( F i g s .  11, 12 and 13).  



Formation of Cenozoic Basins 

Earlier work by Scholl and others (1966; 1968), Scholl and Hopkins 

(1969), and Hopkins and others (1969) provided evidence that. the outer Bering 

shelf subsided d i f f e ren t i a l ly  in the Cenozoic. This'extensional deformation 

of the outer shelf d i f fe rs  dramatically from the ea r l i e r  l a t e  Mesozoic and 

ear ly Ter t ia ry(?)  compressional deformation of eugeosyncl i nal deposi t s  along 

the  margin, now the basement rocks underlying the :  outer Bering Sea shelf 

( forearc  of  Fig. 18). Differential collapse of t h i s  Mesozoic fold be l t  

d u r i n g  t he  Cenozoic resulted i n  the formation o f  elongate bas in s  and ridges 

t h a t  s t r i k e  northwestward parallel  t o  the margin and the s t ructural  g r a i n  

of the fold be l t  (Fig. 3 ) .  Growth structures within the Cenozoic s t r a t a  

of these basins indicate that  collapse, r i f t i n g ,  and sedimentation have 

been continuing processes (Figs. 3 ,  11, 1 2  and 13).  

The lowest beds within some of the basins may be as old as L a t e  

Cretaceous(?),  the time when the fold be1 t began t o  coll apse and basins 

may have f i r s t  formed. Because of the proximity of former coastal mountains 

to  t h i s  be l t ,  the lower units within the  outer shelf basins could contain 

coarse c l a s t i c  debris. Coarser lower units may in part exp la in  the rela-  

t i v e  lack of coherent ref lectors  resolved acoustically within the lower 
- 

section of seismic ref lect ion records (Figs. 11 , 12  and 13) .  Rates o f  

shelf subsidence and sedimentation continued uniform until  somet ime in 

middle to l a t e  Tertiary time, when the ra t io  o f  subsidence to  sedimenta- 

t ion changed dramatically. The resul tant  divergence in dips i s  most p r o -  

nounced i n  basin areas beneath the she l f ,  such a s  S t .  George and Navarin 

basins,  where the Cenozoic section i s  greatly thickened (more than 7 km, 

F i g s .  3, 11, I ?  and 13).  Over much o f  the shel f  the Cenozoic sect-ion 



i s  commonly less  than 2 km thick and the divergence i s  not readily evident. 

Regional geologic evidence suggests tha t  the divergence formed in Miocene 

- t i m e .  

The oldest Cenozoic beds t ha t  have been sampled from the upper p a r t  

o f  the continental slope a re  marine.deposits of middle Oligocene age. 

This ear ly sedimentary conglomerate overlies denuded Mesozoic f o l d s ,  in- 

dicating that  subsidence of the outer shelf-upper slope area began prior 

t o  t h i s  time (Table  2 ,  sample 70-B97-1S2; Hopkins and others, 1969; Scholl 

and others,  1 9 1 5 ) .  Neogene deposits underlying the outeP she1 f include 

terrigenous s t r a t a  and 'units rich in diatomaceous debris, Many or a l l  of 

these beds are n e r i t i c  deposits, thereby implying continuous subsidence 

of  the outer shelf during Neogene time. The thicker basin deposits o f  the 

outer shelf have not been sampled thus we have no di rec t  zv'denee as to  

when i n i t i a l  basin subsidence began. However, we speculate tha t  the i n i t i a l  

col lapse of  the margin probably began in l a t e s t  Mesozoic o r  e a r l i e s t  Tert iary 

time in response to  the end of underthrusting of the Kula plate beneath 

the Bering Sea margin. As noted e a r l i e r ,  the  Kula plate had obliquely 

collided with the margin since a t  l eas t  early Mesozoic time. With formation 

of  the Aleutian Ridge in the l a t e s t  Cretaceous or ea r l i e s t  Tertiary,  under- 

thrust ing shif ted away from the margin to  the ridge. 

Isolation of the Bering Sea margin from underthrusting o f  the Kula 

p la te  would have relieved the compressive s t resses  along the margin. 

I sos t a t i c  rebound of previously subducted and relat ively less  dense sedi- 

mentary rock and upper crust beneath the  margin  may have i n i t i a t ed  d i f f e r -  

en t ia l  u p l i f t  and subsequent collapse of  the outer s h e l f .  Uplifted b l o c k s  



o f  the she l f  would have been subject  t o  rapid erosion thereby feeding coarse  

debris i n to  t he  adjoining down-dropped basins. 

During t h e  Cenozoic t he  deep Aleutian Basin, underlain by a piece 

of trapped Kula p l a t e  west o f  and adjacent  t o  t he  Bering Sea margin, re- 

ceived over 4 km o f  sedimentary debr is .  The oceanic c r u s t  beneath the  

Aleutian Basin has subsided about 3 km (Shor,  1964), apparently as  an 

i s o s t a t j c  adjustment t o  the sedimentary loading. The depression o f  the 

c r u s t  beneath the  abyssal basin may a l so  have involved the  adjacent  Bering 

Sea margin, contributin,g t o  continued, regional subsidence of the  outer 

shelf t o  the present, 

Summary 

The outer Bering Sea shelf is s t r u c t u r a l l y  underlain by a number 

o f  sediment-buried ridges and basins t h a t  a re  i n  t u r n  underlain by deform- 

ed eugeosynclinal rocks o f  Mesozoic age. These s t r uc tu r e s  a r e  elongate 

and para l le l  t o  the margin. The  sedimentary sec t ions  c f  two o f  the basins, 

S t .  George and Navarin basins, may be a s  much a s  7-10 !a thick.  The com- 

bined a rea  of these  basins (90,000 km) and of the  remaining ou te r  shel f  

2 basins is  over 100,000 km , an area roughly one-quarter the s i z e  o f  Cali fornia .  

The cross-sect ional  configuration o f  most o f  the  basins i s  asymnetric, 

i .e. ,  t h a t  o f  a half  graben. 

The basement r idges o f  the ou te r  she l f  include folded sedimentary 

sequences t h a t ,  l i  kc the  r idges ,  probably s t r i k e  para l l e l  t o  the  margin. 

In P r i b i l o f  Canyon the  rocks of t h i s  nearly t o t a l l y  submerged fo ldbe l t  a r e  

muds tone ,  s i  1 t s tone ,  and sandstone o f  Late Cretaceous age (Hopkins and 

o the r s ,  1969 ) .  A t  nearby St. George I s l a n d ,  presumed basement rock of  



ul tramafic composition i s  subaerial  l y  exposed (Barth,  1956; Cox and o thers ,  

1366). Folded Mesozoic rocks on the  Alaska Peninsula trend toward the sub- 

merged fo ldbe l t  forming the  basement complex of  the outer  she l f .  The b e l t  

probably extends northwestward i n to  the  Koryak Range a t  Cape Navarin of 

eas te rn  S iber ia  ( F i g .  18) .  We envision the  ou te r  she l f  foldbel t as an 

orogen of eugeosynclinal rocks t e c ton i ca l l y  accreted t o  the continent  

i n  a manner s imi la r  t o  t h a t  proposed f o r  the  Franciscan complex of western 

North America (Bailey and Blake, 1969; Hamil ton,  1969; Ernst ,  1970; Page, 

1970a, 1970b; Bailey and o thers ,  1970; and Hsu, 1971). However, we do 

n o t  bel ieve  t h a t  the  fo ldbe l t  cons i s t s  of offscraped trench or abyssal 

p la in  deposi t s  (Schol 1 and Marl ow, 1974) .  

Sedimentary rocks w i t h i n  the  basins a r e  thought t o  be ter r igenous  

and diatomaceous deposi ts  of mainly Cenozoic age,  although Cretaceous 

beds may form the basal un i t s  of the  i a rye r  basins. The basin f i  11 , in-  

formally termed the  main layered sequence by Scholl and others  (1968; 1975), 

cons i s t s  of two uni t s .  The upper u n i t  i s  v i r t u a l l y  undeformed and t yp i ca l l y  

composed of acoust ica l  l y  ref1 ec t i ve  s t r a t a .  In con t r a s t ,  the  lower un i t  

i s  s l i g h t l y  deformed and i t s  beds appear t o  be l e s s  r e f l e c t i v e  (Figs .  71, 

12 and 13) .  The lower u n i t  d ips  more s t eep ly  towards the  a x i s  o f  the  basin 

than the  younger s t r a t a ;  the divergence in d ip  presumably indicates a change 

in t h e . r a t i o  of subsidence t o  basin f i l l i n g  and may be Niocene in age. 

Beneath the lower u n i t  a major unconfot-mity separates  the deformed 

eugeasynclinal rocks of Mesozoic age from t h e  overlying Cenozoic deposi ts  

of the basin f i l l .  

Most of the  inner Bering Sea shel f  i s  underlain by a broad basement 
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high, Nunivak arch (Scholl and Hopkins, 1969). Beneath the southwestern 

f lank of the arch, the  limbs of intrabasement folds generally d i p  south- 

ward, probably s t r i k ing  para1 l e l  t o  the  margin. The 'arch 's  northern flank 

i s  associated with decreases i n  regional gravi ty  anomalies and i n t ens i t y  

of magnetic signatures.  These changes may s ign i fy  2 change in deeper 

" crustal s t ruc tures ,  possibly from an intermediate c ru s t  formed over Mesozoic 

ocean f l o o r  i n  the  south t o  th icker  and  much older continen,tal c r u s t  i n  

the  north. 

S t .  Matthew basin,  which cu t s  across the northern flank o f  Nurlivak 

arch,  is possibly the  offshore expression of the  Kaltag f a g l t ,  a major. r igh t -  

l a t e r a l  f a u l t  in  western Alaska. Hall basin,  and a r idge separating t h i s  

basin from S t .  Matthew basin, l i e  athwart the  southwestern terminus of 

S t .  Matthew basin, perhaps marking the  southwesternmost extent  of the f a u l t .  

Defomed s t r a t l  i n  t he  basal pa r t  of the  sedimentary sequence of St .  Marthew 

basin suggest t h a t  si5nific:ant  o f f s e t  along t h i s  f a u l t  probably did not 

take place a f t e r  the  ear ly  Ter t iary .  No d i s t a l  offshore extension of the  

Denal i f a u l t ,  a pa ra l l e l  r i gh t - l a t e r a l  shear in southwestern Alaska, has 

been i den t i f i ed  o v e r  the  southern o r  outer  Bering Sea s h e l f .  This f a u l t  may 
- 

terminate well north of the  Pr ib i lo f  Islands-St,  George basin area towzrd 

which i t  s t r i k e s .  

An arcuate  zone of  high amplitude magnetic anomalies occupies most of 

the centra l  she l f  area ,  We speculate t ha t  the magnetic anomaly b e l t  i s  the  

s igna ture  of a mostly submerged Mesozoic magmatic a r c ,  now par t  of the s h e l f ' s  

basement s t ruc tu r e ,  t ha t  extends from southern Alaska through the  Bering 

Sea she l f  t o  eastern ~ i h e r i a  ( F i g .  18).  



The Mesozoic fold be1 t of the outer  shelf  and the  magmatic arc  of the 

inner  shelf  may have formed in response to  oblique convergence between the 

Kula(?) and North American p l a t e s  p r io r  t o  the  formation of t h e  Aleutian a rc  

i n  l a t e s t  Cretaceous o r  e a r l i e s t  Ter t i a ry  time. The.eugeosynclina1 rocks 

t h a t  formed seaward of the  magmatic arc.' probably accumulated on oceanic 

c r u s t ;  the  arc most l i ke ly  formed above t r ans i t i ona l  or  continental crus t .  

I n  the 1 a t e s t  Cretaceous o r  ea r l  j e s t  Tert i d r y  the deformed eugeosyncl inal 

assemblage was up1 i f t e d  and eroded, subsequently co l laps i r~g  a t  l e a s t  by 

t h e  middle Oligocene to  form the  present basement ridge and bas i c  complex 

o f  the outer  Bering Sea shelf .  Subsidence and extensional r i f t i n g  took 

place a f t e r  the  formation of an Aleutian a rc ,  which marked t h e  cessation 

of underthrusting between the now ent rapped  ~ u l a ( ? )  p l a t e  in the deep Bering 

Sea and the  adjacent North America p la te .  She boul-~dary I~eiween the two pla tes  

i s  complex due t o  the  southward growth o f . t h e  Mesozoic Bering Sea continental  
. 

margin caused by the  t ec ton ic  accret ion of eugeosynclinal masses t o  the  

North America block. The northernmost location of the former pla teboundary 

may be beneath the southern flank of Nunivak arch,  perhaps where the Kaltag 

and Denali f a u l t s  probably terminate. If these f a u l t s  a r e  simple wrench- 

type shears resu l t ing  from an orocl inal  bending of Alaska (Grantz, 1966), 

then displacemint may be confined t o  the  continental  block o f  Alaska. Unlike 

t he  San Andreas f a u l t ,  which is a major p la te  boundary, the  Denali and Kaltag 

f a u l t s  .are  probably not majar p l a t e  boundaries and regional stresses along 

these  f a u l t s  may not be transmitted across the t rans i t iona l  crus ta l  s t r uc tu r e s  

o f  the  outer  Bering Sea she l f .  



- PETROLEUM GEOLOGY 

Alaska Peninsula and Bristol 6ay Basin 

Drill ing History 

As noted, since 1959 nine onshore wells have been dr i l led  along the 

northern coastal lowland area o f  the Alaska Peninsula. No wells have been 

d r i l l ed  offshore in th i s  marine part o f  Bristol Bay basin. For descr ipt ive 

pur-poses, the wells a re  d.ivided here into a northern groupof four wells, t ha t  

bott-omed i n  v o l c a r ~ i c  o r  g r a n i t i c  rocks, and a southern g roup  of f i v .e  wells 

t h a t  bottomed in e i ther  Tertiary a r  Mesozoic sedimentary,rocks. The northern 

group includes the General Petroleum Great Basins 140. 1 and 2 ,  Great Bas ins  

Ewerath Ugashik No. 1, and the Gulf-Alaskco Port Heiden No. 1 (F ig .  19). The 

southern group includes the Gulf Sandy River Federal No. 1 ,  Pan American Hoodoo 

Lake No. 1 and 2 ,  Pan American David River No. l-A, .and the Arnoco Cathedral 

River No. 1 (Brockway and others,  1975). 

In the northern group o f  wells,  the thickness o f  the f la t - ly ing  Tert iary 

sequence varies from about 1220 m t o  3350 rn and consists of interbedded non- 

marine to  shallow marine sandstone, s i  1 ts tone,  claystone and coal (Hat ten ,  

1971 ) . Granitic basement penetrated by ths General Petrol eum Great Basins 

No. 1 and 2 weils has been d a t e d  radiometrically as approximately 177 n.y. 

o l d  ( l a t e  Early Jurass ic ) .  Radiometric ages from the volcanic sequence under- 

lying the f la t ly ing  Tertiary sedimentary rocks in the Gulf Port Heiden and 

Great Basins Ugashik wel1.s range from 33, - + 1.5 t o  42 - + 4 m.y. (Oligocene t o  

l a t e  Eocene, Berggren, 1969; Brockway and others,1975). No s ignif icant  shows 
. o  

of o i l  o r  gas have been reported f r o m  the  northern group o f  wells. To the 

south the Gulf Sandy River well encountered gas associated with coal i n  the 

middle p a r t  of  the Bear 1.ake Formation (Miocene) between 1790 and -1940 r n .  

Oil and gas shows were a l s o  encountered in the basal sandstone beds o f  the 



River well. However, in t h i s  well the  o i l  encountered within the basal port ion 

o f  the  Bear Lake Formation may have been deriv-ed from source rocks within the  

underlying Stepovak Formation. 

I n  offshore areas where the  f l a t - l y ing  Cenozoic sequ,ence over l i es  o lde r ,  . 

folded and truncated sedimentary rocks,  such as the  Mesozoic s t r a t a  of the 

Black H i l l s ,  o i l  may have migrated upward in to  the more porous sandstone beds 

of the  overlying Bear Lake Formation. The pos s ib i l i t y  of o i l  and gas migra- 

t ion from o lde r  sedimentary formations renders the  offshore area between P o r t ,  

Moller and Arnak Island more prospective than the  area north of Port Heiden, 

where the basement cons i s t s  of volcanic a n d  g r a n i t i c  rocks. 

The  offshore arcuate  g rav i ty  and magnetic d iscont inui ty  described by 

P ra t t  and  others (1972) ,  which extends from the Pr ib i lo f  I ~ l a n d s  toward Port  

Moller, may define two d i f f e r e n t  basement rock types beneath the  f l a t - l y ing  

Cenozoic sequence. The h i g h  amplitude magnetic anomalies on the nor theas t  

s i d e  of the discont inui ty  may represent  volcanic o r  granitic-metamorphic 

basement rock, and the low amplitude anomalies on the southwest s i de  may re-  

f l e c t  a th ick sequence o f  ear ly  Ter t i a ry  o r  l a t e  Mesozoic sedimentary rocks. 

The f l a t - l y ing  sequence of Cenozoic sedimentary rocks i s  l oca l l y  folded 

and up l i f t ed  along the foo th i l l  be l t  a f  the  Alaska Peninsula. Further o f f shore ,  

t he  s t r a t a  may-be deposi t jonal ly  d raped  over f a u l t  blocks within the acous t i c  

basement (Hatten, 1971). Data on the s i z e  and extent  of s t r uc tu r e s  a r e  not 

pub1 i c l y  avai lable .  

The rocks considered t o  have the g r ea t e s t  petroleum potent ia l  in the  

offshore  area of Bristol  Bay are f l a t - l y i n g  t o  gently folded Cenozoic sand- 

s tone ,  s i l t s t o n e ,  and shale beds. These rock un i t s  probably range in a g e  

from Eocene t o  Holocene. 



Source Beds 

The b e s t  source rocks i n  the  Ter t i a ry  sequence appear t o  be the black 

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

Alaska Peninsula, the  Stepovak Formation i s  loca l ly  a t  l e a s t  4500 m t h i c k  

( B u r k ,  1965) .  Scattered shows of o i l  and gas in Stepovak rocks have been 

reported from th ree  Alaska Peninsula wel ls ,  Gulf Sandy River, Pan American 

Hoodoo Lake No. 2 ,  and Pan American David River 1-A (Fig,,  79; Brockway and 

o the r s ,  1975)'. Potential  source rocks may a l so  occur in th'e Miocene Bear Lake ' 

Formation because l oca l l y  the basal port ion containing marine s i i t s t o n e  and 

shale may have been buried deep enough t o  generate hydrocarbons. Marine shale 

of L a t e  Jurass ic  and Late Cretaceous age might a l s o  be considered as po ten t ia l  

source rocks. These rocks a r e  of ten  in angular discordance with overlying 

Cenozoic sandstone rese rvo i r  beds. 

Reservoir Beds and Seals --- 
The rocks t h a t  have the  g r ea t e s t  r ese rvo i r  potential  f o r  o i l  and gas 

in t he  offshore area of Br is to l  Bay basin a r e  probably the sandstone un i t s  

of t he  Bear Lake Formation t h a t  a r e  middle t o  l a t e  Miocene in age. Bear Lake 

sandstone beds a r e  both marine and nonmarine and contain a combination of 

volcanic g ra ins ,  d i o r i t i c  gra ins  and c h e r t ,  and sedimentary i i t h i c  fragments. 

Most of  the sandstones could be c l a s s i f i e d  as  l i t h i c  subgrayvackes and others  

a s *  l i t h i c  a r en i t e s  (Eurk, 1965).  Silows of o i l  and g a s  have 'been reported 

from the  basal Bear Lake Formation sandstones in the Gulf Sandy River and 

Pan American David River wells. 

Sandstones i n  the  o lder  Ter t i a ry  formations, Tolstoi and Stepovak, have 

an abundance of volcanic d e t r i t u s . a s  well as matrix.clay.  These rocks a r e  

dense a n d  highly indurated and thus a r e  not considered good rese rvo i r  beds. 



Traps and Timing - 
The majority o f  potential o i l  and gas traps in offshore Bristol Bay a re  

probably antic1 inal s t ructures .  Antic1 ines in the Cenozoic .sequence are 

primarily formed by d r a p i n g  and d i f fe rent ia l  compaction of s t r a t a  over erosional 

and block-faul t highs tha t  developed within the acoustic basement complex. 

The resul tant  s t ructures  a r e  probably large in area b u t  have a limited amount 

of closure. Structural traps in the offshore area probably formed during 

the ear ly f i l l i n g  o f  Bristol Bay basin. Most strirctures appear to.decrease 

in amplitude upward through the Cenozoic section, and the Pliocene and Pleistocene 

s t r a t a  are  f la t - ly ing  and undeformed. 

Stratigraphic t raps formed by buttress onlap during transgression around 

topographic highs, by local truncation of  sandstone beds, and by len t icu lar  

sandstone bodies probably occur i n  the Cenozoic sequence, b u t  t h e i r  s i ze  and 

number a r e  unknown. 

Summary 

The petroleum potential o f  the southwest portion of t he  offshore Bristol 

Bay basin between Ilnik and Amak Island i s  probably greater than tha t  of the 

area t o  the northeast. The total  thickness o f  Cenozoic sedimentary rocks i s  

greater  in the southwest portion and there may be petroleum prospects in the 

underlying Mesozoic s t r a t a .  The petroleum potential i s  also higher for  the 

southwest portion of the  basin because shows of oil  and gas occurred i n  three 

o r  poss ibly  four o f  the wells d r i l l ed  on the adjacent Alaska Peninsula. This 

i s  in contrast  t o  the four northern wells where no hydrocarbon shows were 

reported. 



. Western Alaska 

Dr i l l ing  History 

T h e  petroleum potent ia l  of the  Bethel and 14ushagak lowl-ands i s  d i f f i c u l t  

t o  assess  because the  bulk of prospective rocks a r e  concealed by a th ick  mantle 

o f  a l l u v i a l  deposi ts  and only one exploratory well has been d r i l l e d  in the  

area.  In the  1961 Pan American Oil Company d r i l l e d  the  Napatuk Creek No. 

1 well t o  a d e p t h  o f  14,877 feet  (4500 m) about 56 krn west of Bethel (Fig. 

6). The we1 1 penetrated approximately 380 m o f  Quaternary sediment t h a t  u n -  

conformably over l i es  a r e l a t i v e l y  f l a t - l y ing  sequence of Upper Cretaceous 

graywacke and shale.  Several m a f i c  volcanic dikes of unknown age were en- 

countered in the  Cretaceous sect ion.  No s i gn i f i c an t  hydrocarbon shows were 

reported i n  t h e  well. However, rapid f ac i e s  changes have been noted w i t h i n  

the Kuskokwim Group and t h u s ,  adequate rese rvo i r  rocks m z y  occur elsewhere 

w i t h i n  the Bethel basin (Hoare, 1961 ) . Reconnaissance aerornagnetic data  i n -  

d i c a t e  t h a t  the  maximum depth t o  magnetic basement i n  the v i c i n i t y - o f  the  

Napatuk Creek No. 1 well is approximately 20,000 f e e t  (6100 m) (J .  M. Hoare, 

ora l  commun., 1975). Magnetic basement probably cons i s t s  of Ju r a s s i c  and 

o lde r  rocks,  so perhaps as  much as  6,000 feet  (1800 m )  o f  Cretaceous rocks 

remain undr i l led  below the  bottom of t he  well. 

No wells have been d r i l l e d  on t h e  Nushagak basin. Limited outcrop d a t a  

f rom around the margin of the basin suggest t h a t  pre-Tertiary rocks have a 

very l imi ted petroleum potent ia l  because they a r e  highly indurated and deformed. 

No data  a r e  publicly ava i l ab le  on the  thickness o f  Cenozoic rocks underlying 

t he  Nushagak lowlands. 



Eastern S iber ia  and Anadyr Basin 

Dr i l l ing  History 

As of 1972, nine wel ls 'had been d r i l l e d  i n to  the  onshore portion of the  

Anadyr basin, s i x  were s t r a t i g r aph i c  t e s t s  and th ree  were exploratory at tempts.  

The f i r s t  exploratory well was d r i l l e d  in'1969. Two l a t e r  wells  were d r i l l e d  

w i t h i n  13 krn of the f i r s t  well i n  the  cen t ra l  portion o f  the basin ( F i g .  1 0 ) .  

A Neogene section 1537 m th ick  was d r i l l e d  i n  the  Vostochno-Ozero $1 well 

( F i g ;  20), producing excel lent  i n i t i a l  shows o f  95% methane gas. E i g h t  sand- 

stane beds were encountered i n  the  Miocene sect ion between 903-1467 m t h a t  

had e f f ec t i ve  porosities o f  20-24% and gas permeabil i t ies of 90 to 500 mds 

(F ig.  20) (Agapitov and others,  1970). 

I n i t i a l  t e s t i n g  of t he  Vostochno-Ozero gas zones produced 7,000 t o  10,000 

rncfd; continued t e s t i n g ,  however, led t o  sharp drops in pressure and  volume 

(Meyerhoff , 1972 a, b )  . Tests on the  Zapadno-Ozero s t r uc tu r e  13 krn west  were 
, 

less productive (Agapi tov and o thers ,  1971 ). 

Further o i l  and gas explora t ion i n  the older Paleogene sec t ion  has ind i -  

cated possible o i l  and gas shows in s t r a t a  of Oligocene and Eocene age (Grigorenko 

and o thers ,  wri t ten  cornm., 1974). Deta i ls  on t e s t i ng  of the  older  rocks a r e  

not ye t  avai lable .  Discoveries i n  the  Paleogene rocks could s t imula te  explora- 

t i on  of Stepova-k and Tolstoi  s t r a t a  of  s im i l a r  age and s t r a t i g r aph i c  posi t ion 

on the Alaska Peninsula ( F i g .  5 ) .  

S u h a r y  of Oil and Gas Potential  of Neoaene St r a t a  i n  Anadyr Basin 

Prospective petrol  euni s t r uc tu r e s  i n  Anadyr basin incl  i~de  c i  rcul a r  

and oval an t i c l i ne s  t h a t  exh ib i t  low amplitude c losure  o v e r  l a rge  areas .  S t ruc-  

t u r e s  in the  centra l  bas in  formed by block f a u l t i n g  within the basenlent rocks. 

As a result ,  the degree ,of  folding diminishes upward through the  Neogene s ec t i on ,  

46 



and the Pliocene deposits are  nearly flat-lying. Along the southern edge of 

the basin, l inear  an t ic l ina l  s t ructures  formed by compressional folding. 

Effective porosity values as high as 24% and gas  permeabi 1 i t y  values 

u p  t o  500 mds fo r  some sandstone beds in the Miocene section of Anadyr basin 

indicate the presence of adequate reservoir rocks. The aggregate thickness 

of the sand units may be as  much as 80 m. A rapid drop o f  gas pressure and 

volume duriflg open-hole t e s t s  and a b r u p t  l a te ra l  changes in stratigraphy suggest 

t h a t  the sandstone beds a re  len t icu lar  and that  each lens cyntains a r e l a t ive ly  . 

small volume of highly pressured gas and/or gas condensate. 

Both s t ructural  and s t rat igraphic traps may occur within t h e  onshore 

and offshore portions of the Anadyr basin Miocene section. Anticlinal flexures 

a s  well a s  sand pinch-outs a r e  possible trapping mechanisms. Truncation of 

the folded, underlying Paleogene sandstone reservoirs by Neogene shales may 

also form possible traps.  

Sandstone reservoirs appear  t o  be sealed by abundant interbedded shale 

units.  Sand lenses may be completely sealed within a shale or mudstone envelope. 
1 

Soviet geologists consider the absence of an evaporite-type seal t o  be . a  potential  

problem. However, a number of Cenozoic basins i n  the  United States (Cook I n l e t ,  

Ventura, and Los Angel es basins, fo r  example) have produced hydrocarbons with- 

out evaporite seals.  
' There a re  a t  l eas t  two possible sources for  t h e  gas and gas condensate 

i n  the Miocene section o f  Anadyr basin. Hydrocarbons may have formed by matura- 

t ion of organic material within the Miocene shales and mudstones interbedded 

with sandstone reservoirs,  or the hydrocarbons may be migrating upward from 

older ,  truncated c l a s t i c  rocks. 

Dril l ing resu l t s  from Anadyr basin are somewhat similar t o  those o f  the 



onshore portion o f  Bristol Bay basin along t h e  Alaska Peninsula. I n  each area 

fewer* than 10 wells have been d r i l l e d  into the ~ebgene section with disappointing 

resu l t s .  In both areas,  the hydrocarbon potential .offshore may be greater  

than onshore because the offshore section could thicken and contain more marine 

source rocks as well as cleaner and more widespread reservoir sandstone beds. , 

Outer Bering Sea Shelf Basins 

Offshore o i l  and gas seeps have n o t  been reported in the outer she1 f 

basins (F ig .  3 ) .  Hydrocarbon "sn i f fe rs"  towed by industry boats may have de- 

tected submarine seeps, b u t  these d a t a  a re  not available for  public evaluation. 

There i s ,  therefore, no (known) d i r ec t  evidence that  petroleum products have 

been generated in the outer shelf basins. However, inferences based on collected 

offshore data and regional geologic mapping suggest t h a t  adequate source and 

reservoi r  beds a re  present. A1 so, ref1 ect'ion p r o f i  1 es reveal s t ructures  1 arge 

enough to  have trapped s igni f icant  quant i t ies  of migrating hydrocarbon f luids .  

Source Beds 

Si l t s tone  beds o f  l a t e  Tertiary age tha t  crop o u t  on the continental 

slope contrnonly contain more than 0.25 per cent organic carbon (Marlow and others ,  

1976). However, these outcrops, few of which could be regarded as good source 

beds, can only be generally indicative of the type of deposits tha t  form the 

upper or re f lec t ive  sequence of the sedimentary section f i l l i n g  outer shelf 

basins ( F i g s .  5, 11, 1 2 ,  and 13). 

Important source beds of Miocene age 'may occur near the base of the upper 

sequence, or a t  the top o f  the underlying weakly. reflected sedimentary section. 

This inference i s  based on the regional occurrence of organic-ri'ch mudstone 

of middle Miocene and early l a t e  Miocene age  in the deep-water areas of the 

Bering Sea .  I n  part characterized by weak internal r e f l ec t iv i ty ,  these fine- 

grained deposits were found a t  OSDP dr i l l i ng  s i t e s  (Deep Sea Dri 1 1  ing Pro jec t )  

a t  subbottom depths generally deeper than 600 rn and .typically beneath coarser 



diatomaceous and terrigenous units (Creager, Scholl and others,  1973). Con- 

ceivably, coeval, a1 though probably somewhat coarser, source beds under1 i e  some 

o f  the outer shelf basin areas. 

The probability tha t  important source rocks occurring in lower Tertiary * 

beds, which f o rm  much of the basins' poorly ref lect ing basal sequence, is  

equally speculative, L i t t l e  i s  known about these rocks because they appear 

t o  pinch or  wedge out against  the lower flanks of the basin and  correlat ive 

outcrops a re  v i r tua l ly  unknown on the  nearby continental slope (Figs. 1 2  and 

Sedimentary rocks dredged from the folded Mesozoic section underlying 

the outer Bering Shelf contain as much as 1,O per cent organic carbon, T h u s  

the rocks o f  the so-called Mesozoic "basement" ( o f  t h e  Hering Sea she7 f )  may 

themselves be source beds f o r  petroleum products--products that  could e i the r  

. have been trapped within Mesozoic s t ructures  or in overlying Cenozoic ones. 

Reservoir Beds 

Many of the  Miocene and Pliocene rocks dredged from the  Bering Sea mar- 

ginal continental slope are  porous sandstones and s i  l tstones (Hopkins and others ,  

1969; Marlow and others,  1976). The porosity of richly diatomaceous s i  1 t s tone 

uni ts  exceeds 50 percent. If  the textures and li thologies of these outcrops 

a re  par t ly  representative of age equivalent units underlying the ou te r - she l f  

basins, then adequate reservoir beds may occur in the upper sequence o f  highly 

r e f l ec t ive  deposits beneath the she l f .  

Reasoning on more general grounds, i t  can be argued that  porous c l a s t i c  

uni ts  should be common within th i s  upper sequence. For example, t h i s  sequence 

of nearly f la t - lying deposits must have accumulated at a ra te  c lose ly  matching 



tha t  of basin subsidence, which, since the middle Miocene, has probably averaged 

6 between 150 and 300 m/10 years. The area of rapid accumulation i s  near the 

ou t fa l l s  of major Alaskan r ivers  (e.g. Yukon and Kuskokwim), .and, during the 

Neogene, the outer Bering Sea shelf was periodically.swept by marine trans- 

gressions and regressions (Hopkins, 1967; Hopkins and Scholl , 1970). These 

factors  argue for  the deposition of coarse c l a s t i c s  and the l ikely occurrence 

o f  reservoir beds in the Neogene sect ion o f  the outer shelf basin areas ,  

Reservoir beds are  also l ike ly  t o  occur in the  lower Tertiary rocks of 

S t .  George and Amak Basins. This inference i s  based on  the recovery of early 

Tertiary ( ? )  or possibly Cretaceous sandstone from the cont inenta 1 slope north- 

west of Zhemchug Canyon (Fig. 2;  Marlow and others,  1976); and, from the canyon 

walls, sedimentary breccia o f  middle Oligocene age. The present porosity 

of these rocks i s  between 20 and 30 percent; much of  the  primary porosity 

having been los t  through secondary calcareous cementation. Strat igraphical ly  

equival'ent beds in adjacent sub-shel f basins may ' s t i l l  re tain much of t h e i r  

depositional porosity. 

Again, reasoning on general grounds, i t  can be inferred that  beds of lower 

Tertiary sandstone and possibly conglomerate should occur near the base of 

some o f  the outer shelf basins, This interpretat ion i s  based on the concept 

tha t  in the ear7y Tertiary t h e  forming Bering shelf basins were flanked by 

coastal mountains, islands,  and peninsulas. These subsiding, re la t ive  highlands 

o f -  deformed and intruded Mesozoic rocks probably contributed coarse c l a s t i c  

debris to  the adjacent basins. Sediment contribution should have continued 

unt i l  submergence o f  the outer Bering Sea shelf was vi r tua l ly  complete, probably 

in Oligocene time. 



Traps 

Published or publicly available seismic ref lect ion profi les  are  insuf f ic ien t  

, in number and quality to  resolve more than the general aspect's of possible 

hydrocarbon t raps  in the outer shelf basins. However, both s t rat igraphic and  

s t ruc tura l  traps include broad ant ic l ina l  closures and  t igh ter  folds associated 
0 

with normal fau l t s .  Closure and f a u l t  o f f s e t  increase with s t rat igraphic 

d e p t h ;  hence, growth--type 'structural t raps formed continuously along with 

basin f i l l i n g .  

Potential s t rat igraphic traps dre recognizable in t h e  thinning and edging 

o f  the beds of the older s t rat igraphic sequence toward the flanks o f  some 

of the shelf basins (Fig. .  6 and 7 ) .  These beds dip toward the axis of  the 

basin, hence up-dip m i g r a t i n g ,  f lu ids  would .in part be trapped aga'nst the 

much denser and less  permeable rocks of the Mesozoic basement. The  basin 's  

lower s t ra t igraphic  sequence i s  discordantly overla.pped (especially t o  the 

north) by the 'younger acoustically ref1 ec t i  ve sequence. Hydrocarbons migrating 

up-dip along the lower beds might, therefore,  be trapped beneath the overlapping 

upper sedimentary sequences. 

Summary 

Although there i s  no d i rec t  evidence tha t  o i l  and gas have been generated 

in the outer shelf basins, shows and l imi t ed  production of oi l  and g a s  in 

associated basins suggest t h i s  l ikelihood..  The separate implications of the 

rocks sampled a t  submerged outcrops, the -structure and ref lec t ive  charac ter i s t ics  

of t h e  basin f i l l ,  which i s  thicker than 6.5 km,  and regional geo log i c  s tudies  

combine t o  indicate that  the outer shelf basins may be a potential o i l  and 

gas provi nce. 



ENVI  RONIIIENTAL HAZARDS 
. . 

Introduction 

Major potential geologic hazards in the southern Bering Sea include 

faul t ing and earthquakes, sea f loor  in s t ab i l i t y  due t o  erosion and slumping, 

volcanic ac t iv i ty ,  and ice. unfortunately, pub1 i c  data now available are  not 

o f  suf f ic ien t  quality or quantity for  a thorough analysis of the Bering Sea 

She1 f and margin. Most data consist' of 1 ow-energy seismic ref1 ection records, 

sediment analyses from scattered l o c a l i t i e s ,  and various interpretat ions of , 

these data. This part  of  the report i s  based mainly on ~ i s i ' t s ~ n  (1966) ,  Askren 

(1  97?),  Nelson and others ( 1  974) and Sharma 0974).  

Despite poor data,  some geologic hazards can be broadly del ineated and 

assessed. Faulting and sea f loor  in s t ab i l i t y  a re  probably the greatest  potential 

hazards in t h e  region, although other hazards may be important local ly .  We 

will discuss each of the above hazards in a general way, realizing that  addi- 

t ional data a re  needed t o  properly evaluate them. 

Seismicity and Faul t ing 

Earthquakes o f  greater than magnitude 8 on the Richter scale have been 

recorded from the extreme southern part  of the Bering Sea along the Aleutian 

arc (Sykes, 1971). We know very l i t t l e  about associated ground motion due 

t o  earthquakes,--in the a rea 'but  i t  probably decreases north o f  the Aleut ian  

arc .  Most epicenters in the southern Bering Sea l i e  jus t  north o f  the Alaska 

Pehi nsul a-A1 eutian Island chain. The deeper hypocenters ( > I  50 kin) a re  associated 

with 1 i  thospheric underthrusting along the Benioff zone and are  confined t o  

the arc.  However, shallow earthquake hypocenters ( c70  km)  occur as f a r  north 

as S t .  George Island. 



Along the Bering Sea shelf and margin the dis t r ibut ion of f au l t s  the i r  

age and re la t ive  movement are  not well known, Faults in the S t .  George basin 

are generally trend,northwest, parallel  to the shelf-slope break and to the 

long a x i s  of the basin, the majority of the of fse ts  a r e  normal f au l t s  and 

bound numerous grabens of halfgrabens beneath the outer shel f (Fig. 3 ) .  Deeper 

beds within t he  S t .  George basin are increasingly of fse t  with depth along these 

f a u l t s ,  implying tha t  the fau l t s  a re  growth-type s t ructures .  Some faul t s  
C 

rupture t h e  sea f loor ,  suggesting that  they are  Holocene in age and probably 

presently active. 

Sea Floor Instabi 1 i t y  

Massive movements on submarine slopes are  probably d i s t inc t  geologic 

hazards along the en t i r e  continental margin o f  Alaska.  Along the Bering Sea 

margin, however, submarine slumping and s l  dpe movement are 1 argely undocumented. 

We suspect tha t  some areas of hummocky topography along the continental slope 

a s  well as in the heads o f  submarine.canyons are  probably the r e su l t  of massive 

slumping. A t  present, t h e  causes, nature, o r  amounts of  slumping are  not 

known. The greatest  potential for  slumping occurs along the shelf-slope edge 

a t  depths of about 200 m, on the adjacent deeper slope and  also near the heads 

and sides of submarine canyons, such as Probilof and Zhernchug Canyons (Fig. 2 ) .  

Sediment Deposition a n d  Erosion 

Surf icial  sediment dis t r ibut ion across t h e  southern Bering Sea shelf 

and margin is  described by Lisi tsyn (1966), - ~ s k r e n  ( 1 9 7 2 )  and Sharma (1974). 

Sediment s ize  i n  the vicini-ty of Bristol ~a~ grades from coarse sand along 

the  inner shelf t o  f ine  s i l t  near the outer she l f ,  a l t h o u g h  grain s i ze  i s  

somewhat coarser a t  th'e shel f break. Data concerning t h e  physical properties 

of these sediments are unavailable, and consequently the potential for  slumping 

and  slope ins t ab i l i t y  i s  not known. 



Tsunami-, t ide-,  and wind-induced waves do a f f ec t  sediment movement in the 

southern Bering Sea according to  Lisitsyn (1  966, p .  96-98). Earthquakes and 

associated tsunamis can af fec t  shallow water sedimentary deposits. Tides also 

have a strong effect  in shallow water, par t icular ly in funnel-shaped estuaries  

such as  Kuskokwim Estuary, where the t i d e  ranges u p  t o  8 meters and current 

ve loc i t ies  can excees 200 cm/sec (Lisi tsyn, 1966). Wind-induced waves influence 

sedimentation in depths u p  t o  100 meters i n  the Bering Sea. Storms in the area 

pre  frequent, and the probability of storm waves several meters in height exceeds 

20% during any g i v e n  year (Lisi  tsyn,  1966, p .  98) .  .The strongest and most pro- 

longed storms occur during f a l l  and winter seasons. In l a t e  summer and early f a l l ,  

waves generated by Pacific typhoons often penetrate the Aleutian Island arc  and 

reach the southern Bering Sea. Wave-generated forces can red is t r ibute  large 

volumes o f  sediment in a relat ively short  time and thereby may be hazards to  

man-made s tructures  on the sea f loor .  

Volcanic Acti v i  ty  

The Bering Sea shelf and margin i s  bounded on the south by the volcanically 

ac t ive  Alaska Peninsula and eastern Aleutian Islands. Coats (1950) 1 i s t s  25 

act ive volcanoes in the Aleutian Islands and 11 on t h e  Alaska Peninsula and main- 

land. V~lcanism to the north, in the Pribilof Islands, may s t i l l  be act ive 
- 

(Hopkins , o r a l  communicstion, 1976). Hazards from volcanic ac t iv i ty  a re  

associated with eruption of lava and ash and the attendant earthquakes. The 

d is t r ibut ion  of ash i s  dependent on the magma composition, eruption character,  

wind speed and direction a t  t h e  time of  euption, height of eruption, volume of 

mater ial ,  and specif ic  properties of the pyroclastic debris.  Eruptions from 

,the la rge  andesi t ic  cones on the Alaska Peninsula and Aleutian Islands are  m o s t l y  



the explosive-type and can spread pyroc las t i c  material b over large  areas', 

whereas eruptions from basa l t i c  volcanoes, such as those on the Pr ib i lo f  and 

Nunivak Is lands ,  are not as  explosive and would have only local  e f f ec t s .  

The l a r g e s t  known quant i ty  of volcanic material erupted in h i s t o r i c  t i n e s  

3 in the  Alaska a rea ,  some 21 km of  ash,  was erupted by Katmai volcano, in 1912, 

when a s h  was carr ied  over d is tances  of 2000 km o r  more, A t  a  d i s tance  of 180 km 

from the  vo'lcano, a s h  was deposited w i t h  a densi ty  o f  about 45 g/cm (L i s i t syn ,  

1966), According t o  h i s to r ica l  da t a ,  individual  ash deposits  in t.he Bering 

Sea region extend 200 t o  2000 km from the source, averaging about  500 km.  Hazards 

a r e  associated not only w i t h  the  volume of ash t h a t  might be deposited b u t  a l s o  

w i t h  ground motion t h a t  of ten  accompanies major erupt ions .  These fo rces ,  in- 

cluding base surges from caldera erupt ions ,  may a f f e c t  man-made structures and 

a l so  shake loose pre-exist ing,  unstable ,  and undercolnpacted sediment bodies. 

Ice 

Par ts  o f  the southern Bering Sea cont inenta l  margin and shelf have i c e  

cover during 0 t o  50% of  the  year .  Ice development i s  a t  i t s  maximum in March 

and Apri 1  when average i c e  thicknesses range from 1 t o  1 .5  m (L i s i  t syn,  1966, 

p .  9 9 ) .  Both s ta t ionary  and migration i ce  can occur .  S ta t ionary i c e  fo rms along 

the  shorel ines  and ranges in width from a few meters t o  a s  much as 80 km from tlie 

shore. Some i c e  gouging occurs around the  shorel ines  where the  i c e  i s  t h i c k e s t ;  

man-made s t r u c t u r e s ,  p ipel ines  and por ts  may be affected by ice-ramming a n d  bo t tom 

scouri n g  . 



ESTIMATES OF UNDISCOVERED RECOVERABLE O I L  AND GAS RESOURCES 

Introduction 

Estimates of undiscovered recoverable hydrocarbon resources fo r  the Bering 

Sea shelf were derived by aggregating individual estimates for  the four major 

provinces of the shelf:  Navarin, S t .  Mat thew-Ha l l ,  Bristol basins, and the 

Zhemchug-St. Gzorge b a s i n  complex. The combined basinal area o f  the Bering 

2 Sea shelf sou th  of  S t .  La~rence Island coiliprises approximately (367,780 km ) 

3 
1 4 2 , 0 0 0  square miles and contains in excess of (683,552 km ) 164,000 cubic 

miles of prospective sedimentary rock. The appraisal o f  these provinces i s  

based on a study by Miller and others (1975), and u t i l i zes  volumetric and 

analog methods. 

I t  i s  s t a t i s t i c a l l y  estima.ted tha t  the mean undiscovered recoverable 

resources of o i l  beneath the Bering Sea shelf i s  2.4 b i l l ion  barrels ;  the 

1 / 95 and 5 percent probability estimates range from O- t o  6 .2  b i l l i on  barrels  

respectively. The estimate of the mean undiscovered recoverable resources 

o f  natural gas  i s  6.0 t r i l l  ion cubic f e e t ,  and the same probabili ty range 

1 / i s  0- t o  15.5 t r i l l i o n  cubic fee t .  

Areal Limit o f  Appraisals 

The greater  p a r t  of t h e  Bering Sea shelf l i e s  in water depths of less  

than 200 meters, with the exception of the shelf-edge portion of Navarin and 

Zhemchug-St. George provinces. 

- ' 0 : with marginal probability assigned. 



Only those areas of the Navarin and Zhemchug-St.. George basins t h a t  l i e  

within the 200 meter water depth l imi t  are  appraised in t h i s  report. In addi- 

t i on ,  appraisal calculations for  Navarin basin province exclude the U.S.S.R. 

portion of that  province west of the 1867 U.S.-U.S.S.R. Convention Line 

(Figure 21). Portions o f  the Bering Sea shelf that  a re  underlain by thin sedimentary 

sections ( l e s s  than 500 meters) a re  also excluded because they are considered 

t o  be non-prospective fur o i l  and  gas .  

m r a i  s a l  Procedures -. I 

T h e  procedures for estimating undiscovered recoverable resources are  

provided in detai l  in Circular 725 ( ~ i l l e r  and others,  1975, pages 20-26) 

and include: 

1.  Volumetric techniques using geologic analogs and se t t ing  

upper and lower hydrocarbon yield l imits  through comparisons 

w i t h  a number o f  known areas. 

2. Volumetric estimates with an arbi t ra ry  general yield 

fac tor  applied in cases where d i rec t  analogs are  unknown. 

3. Appl ication of Hendricks ' (1965) potential -area categories. 

4. Comparison of a1 1 pub1 ished and documented resource estimates 

t o  estimate values generated by the above methods. 

The Resource Appraisal Group ( U ,  S. Geological Survey, Denver, Colorado) 

a f t e r  reviewing the available geologic and appraisal d a t a ,  rriade estimates 

of undiscovered recoverable resources, bo th  individually and in group session. 

After review, these estimates resulted in a final.consensus"'raw" se t  of estimates 

of undiscovered recoverable o i l  and gas. The appraisal was made by a subjective 

probabili ty technique involving an i n i t i a l  se t  of estimates, assuming t h e  e x i s t e n c e  

o f  com~ercial  o i l  and g a s  in each of the provinces, The technique i s  a s  follows: 



1. A low resource es t imate  corresponding t o  a 95 percent 

p robab i l i ty  (19 in 20 chance) t h a t  there  Is a t  l e a s t  

t h a t  amount present .  

2. A high resource es t imate  with a 5 percent probabi l i ty  

(1  i n  20 chance) t h a t  there  i s  a t  l e a s t  t h a t  amount 

present .  

3. A modal est imate of the  resource amount t h a t  t h e  es t imator  

asce r ta ins  as most probable. 

I n  addi t ion t o  the , foregoing,  a coro l l a ry  probabi l i ty  assessment was a l s o  

made regarding t he  assumption, o r  condit ion,  t h a t  cormercial o i l  and/or gas 

does e x i s t  in the  appraisal  area.  In t h e  i n i t i a l  appra i sa l ,  the assumption 

i s  made t h a t  o i l  and gas do exis t  in commercial quan t i t i e s .  This assumption 

cannot be made with c e r t a i n t y ,  however, i n  f r o n t i e r  areas such as  the  Bering 

Sea s h e l f ,  where no hydrocarbons have been discovered. I t  was the re fore  nec- 

11 essary  t o  assign a marginal probabil i ty-  t o  the  event ,  "commercial o i l  found" 

and the  event,  "commercial gas found". The probabi l i ty  of f inding 

o i l  and/or gas  in comerc i a l  quan t i t i e s  beneath the Bering Sea she l f  south 

of S t .  Lawrence Island i s  estimated a t  80 percent (See Fig. 22 and note t h a t  

the  o i l  and gas lognormal curves a r e  i n i t i a t e d  a t  the  80 percent p robab i l i ty  

Geologic and volumetric y i e ld  analogs were applied t o  the  four provinces 

of t he  Bering Sea shel f  in order t o  provide approximate values o f  hydrocarbon 

y i e ld .  Analogs a r e  l imited t o  the  United S ta tes  and Canada and include Sa l i na s ,  

,' For d e t a i l e d  discussion i n  marginal p robab i l i ty ,  see Miller  a n d  o thers  
(1975,  p .  23-25) .  



Ventura, MacKenzie, Cook Inlet  and Norton basins (Norton basin has not been 

d r i l l e d ) .  Several o f  these analog areas a re  not '  d i r ec t ly  comparable t d  the  

Bering Sea shelf and  thus the analog calculations a re  considered highly 

uncertain. 

The potential-area categories 2 ,  3 and 4 o f  Hendricks (1965, Table 5 )  

were also applied to  the provinces of the Bering Sea shelf in order to  develop 

a range of values. In addition, a l l  published and documented resource estimates 

were compared to the  estimate va lues  generated by both the volumetric- analog 

and the  potential area method. Values derived by the Resource Appraisal Group 

f o r  t h e  Bering Sea shelf were limited t o  between 5 and 95 percent o f  the p r u -  

babil i t y  range as we1 1 as t h e  modal (most 1 ikely)  es t ima te  for undiscovered 

recoverable o i l  and  gas resources. These values of low (95 percent),  high 

( 5  percent),  modal estimate, 2nd marginal probability are the "raw" data tha t  

were subsequently s t a t i s t i c a l l y  analyzed. 

A lognormal dis t r ibut ion was f i t t e d  by computer t o  the high, low and 

modal value of the raw estima.tes t o  compute the probabili ty di-stribution for  

each province (Kaufman, 1962).  These estimates were aggregated through a 

Monte Carlo computer procedure to  yield the probabili ty dis t r ibut ion curves 

for  the Bering Sea shelf and include the associated marginal probability. 

The  curves o f  total  o i l  and total  gas potential for  the Bering Sea shelf 

include the fu l l  range of probability values and are  shown in Fig. 2 2 .  The 

curves can be used to provide estimates o f  undiscovered recoverable resources 

a t  any chosen probability. For example, the estimate of undiscovered recover- 

able o i l  a t  the one percent probability i s  approximately 7.7 b i l l ion  bar re ls ,  

the 95 percent probability i s  zero, and the 5 percent probability i s  6 . 2  

bi 1 1  i o n  barrel s .  



Summary of Oil and Gas Resource Estimates 

Estimates of  undiscovered recoverable oi 1 and gas resources f o r  the Bering 

Sea s h e l f ,  exclusive of the Norton Basin, a r e  shown i n  Figure 22 and a r e  sum- 

marized in the  following table :  

Table  3 .  Estimates o f  undiscovered recoverable resources in the 

Rering Sea she l f  south of S t ,  Lawrence Island,  Alaska. 

hqgregate --- Totals  

95% 5% S t a t  

Prob - -- Pro b 
*- 

Mean -- 
Oil ( b i l l i o n s  of ba r r e l s )  0 6.2 2.4 

Gas ( t r i l l i o n s  of  cubic f e e t )  0 15.5 6.0 

A t  present  there  have been no o i l  o r  g;ls discover ies  b e n e a t h  the  Kering 

Sea she1 f .  The marginal probabi l i ty  of f inding o i l  and/or gas  i n  commercial 

' quan t i t i e s  i n  t h i s  f r o n t i e r  area i s  approximately 80 percent ,  corresponding 

t o  a 20 percent probabi l i ty  of f inding - no o i l  o r  gas i n  comnlercial quan t i t i e s .  



FIGURE CAPTIONS 

F i g u r e  1 .  P h y s i o g r a p h i c  diagram o f  t h e  Ber ing Sea s h e l f  and margin .  Drawing 

by Tau Rho Alpha.  From and Marlow and o t h e r s  ( 1 9 7 5 ) .  

F i g u r e  2 ,  T r a c k l i n e  c h a r t  o f  s u r v e y s  a c r o s s  the Ber ing Sea marg in .  H e a v y ' t r a c k -  

l i n e s  w i t h  hour  t i c k s  a r e  t h e  l i n e s  of  p r o f i l e s  shown i n  F i g u r e s  1 2 ,  

13, and 1 4 .  Base map i s  from S c h o l l  and o t h e r s  ( 1 9 7 4 ) .  

F i g u r e  3. G e n e r a l i z e d  geo log i c  map o f  western A l a s k a ,  the Alaska P e n i n s u l a ,  and 

e a s t e r n  S i b e r i a .  Onshore geology i s  modi f i ed  from B u r k  ( 1 9 6 5 ) ,  

B e i  krnan (1 9741, and Yanshi n (1  966),  O f f s h o r e  ou t1  i nes  of t h e  s u b s h e l f  

b a s i n s ,  r i d g e s ,  and Nunivak a r c h  from F i g u r e  1 6 .  The o f f s h o r e  e x t e n s i o n  

o f  the Kal tag f a u l t  i s  diagrarrm~at ic  i n  t h a t  t h e  e x p r e s s i o n  o f  t h e  f a u l t  

benea th  t h e  s h e l f  may inc lude  a l l  o f  S t .  Matthew b a s i n .  

F i g u r e  4 .  Alaska P e n i n s u l a  i ~ d e x  map from l o c a t i o n s  o f  w e l l s  d r i l l e d  i n t o  t h e  

B r i s t o l  Bay b a s i n .  

F i g u r e  5. Composite c o 1 u m n a r . s e c t i o n  of s t r a t a  i n  B r i s t o l  Bay b a s i n  and Alaska 

P e n i n s u l a .  

F i g u r e  6 .  T e c t o n i c  map showing d i s t r i b u t i o n  o f  middle  E a r l y  t o  midd le  L a t e  

Cr? taceous  Alaska and  Ber ing Sea g e o s y n c l i n e s  and g e a n t i c l i n e s .  

Based a~ d a t a  from Agap i  t o v  and Ivanov (1  9 6 9 ) ,  B u r k  (1  9 6 5 ) ,  Hoare 

( 1 9 6 7 ) ,  P r a t t  and o t h e r s  ( 1 9 7 2 ) ,  and P a t t o n  and o t h e r s  (1976) .  

F i g u r e  7 .  Composite columnar s e c t i o n  o f  t h e  Nushagak l o w l a n d s ,  from M e r t i e  

( 1 9 3 8 ) .  

F i s u r e  8. G e n e r a l i z e d  r e g i o n a l  c r o s s - s e c t i o n  a c r o s s  the Bethel  and IJushagak 

l o w l a n d s ,  t h e  Alaska P e n i n s u l a ,  S h e l i k o f  S t r a i t s ,  and Kodiak I s l a n d .  

Based on geology i n  Beikman ( 1 9 7 4 ) ,  B u r k  ( 1 9 6 5 ) ,  Hodre (1961 ) ,  Hoare 

and Coonrad ( 1  961 ) , and Mertie (1938). L i t h o l o g i c  symbol s a f t e r  



Figure 9. Stratigraphic section of the central part  of the Anadyr basin, 

U.S.S.R., based on seismic interpretat ions by Dolzhanskyi and 

others (1 966).  
. . 

Figure 10. Index map showing location of Anadyr basin, U.S.S.R., as well as 

a s t ructure contour map of Anadyr basin showing local up l i f t s  and 

locations of exploratory we1 1s. 

F i g u r e  11, Interpretative drawing of seismic ref lect ion profi le  S-16 across . 

t he  southern Bering she1 f, For location of the profi le  s e e  F i g .  2. 

Travel time, i n  seconds, i s  two - way t ime. Kilometer scale i s  for  

water  depths only ,  based on an assumed velocity of sound in seawater 

Figure 12 .  Interpretat ive drawing of seismic ref lect ion profi le  S-5 across the 

central Bering shelf.  For location of the profi le  see Figure 2 and 

for  explanation see Figure 1 1 .  

Figure 13. Interpretative drawing of seismic ref lect ion profi le  B-92 across the 

northwestern Bering shelf .  For location of the  profi le  see Figure 2 

and fo r  explanation see Figure 11 .  

Figure 14. Curve of total  sediment thickness versus one-way travel time of sound 

in scdiment for the Bering shelf .  

Figure 15. Structure contour map of acoustic basement. Derived in p a r t  from Scholl 

and others (1968) and Scholl and Hopkins (1969). Some of the  control 

l ines  are shown in Figure 2 b u t  other l ines  n o t  shown are from M. Holrnes 

of the University o f  Washington (written commun., 1974). 



Figure 16. Profi le  map o f  total  f i e ld  magnetic anornali'es over the Bering shelf 

south of 6 3 ' ~ .  Data in western Bristol Bay are from Pratt and others 

(1972) and unpublished NOAA ( U . S .  ~ e p t ' .  of Commerce) profi 1 es. Some 

l ines  a re  from Kienle (1971) and unpublished profi les  of t h e  Geological 

Survey o f  Canada. The ea r th ' s  regional magnetic f i e l d  has been removed 

using the standard IGRF programs ( I A G A  Commission, 1969). No 

corrections were made fo r  magnetic storms or diurnal e f fec ts .  

Figure 17, Profi le  map of f ree-air  gravity anomalies over the  Bering shelf south ' 

of 63'~. Positive anomal ies are  shaded.  Sources of data a re  as 

f o r  Figure 16. 

Figure 18. Speculative outlines of Mesozoic and e a r l i e s t  Tertiary s t ructural  

elements o f  the Alaska Peninsula, Bering Sea marg in ,  and eastern 

Siberia. Magmatic arc  i s  though t o  consist  of calc-alkal ic  volcanic 

and plutonic rocks. Both now form t h e  basement rocks beneath the 

outer Bering shelf.  Outlines drawn north of S t .  Matthew Island are  

from Patton and others ( 1 9 7 6 ) ~  those on and near the Alaska  Peninsula 

are  from Burk (1 965, 1 9 7 2 ) ,  Pra t t  and others (1972) ,  and Moore ( 1  974) ; 

the boundaries over the central outer shelf are  from th is  study. 

Figure 19.  Generalized s t rat igraphic cross-section o f  Bristol Bay basin along 

the Alaska Peninsula. Modified from Brockway and others (1975). 

See F i g .  5 f o r  columnar section o f  Bristol Bay a n d  Alaska Peninsula 

' regions. 

Figure 20. Columnar sect'on of Vostochno-Ozero No. 1 well d r i l l ed  i n  Anadyr 

basin, U.S.S.R., showing gas  zones, porosit ies and perrneabilities. 



Figure 21 .  Index map of Alaska showing boundaries o f  major onshore and offshore 

petroleum provinces and the area of t he  Bering Sea shelf appraised 

in t h i s  report (hachured) and Miller and others ( 1 9 7 5 ) .  

Figure 22 .  Lognormal probability dis t r ibut ion o f  total  undiscovered recoverable 

o i l  and gas resources for  the Bering Sea shelf south o f  S t .  Lawrence 

I s l and .  
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COMPOSITE COLUMNAR" SECTION 
NUSHAGAK LOWLANDS, A L A S K A  

I c !  -1 sequence 

DESCRIPTION -- - 
Unconsul i d a t e d  g l a c i a l  and p o s t - g l a c i a l  sand 
and g r a v e l .  

S t r a t i f i e d  g r a v e l ,  c o a r s e  s a n d s t o n e ,  a r k o s e ,  
and c l a y .  L o c a l l y  c r o s s  bedded and f o l d e d ;  
n e a r s h o r e  marine-nonmarine environment .  Scme 
g r a v e l s  show g l a c i a l  s t r i a e .  McKay (1881-1884) 
co l  l e c t e d  Ilio-Pl iocene f o s s i  1 s from h e ~ d  of  
Nustlagal: Bay. Q u a r t z  monzonite and g r a n i t e  
s t o c k s  and p l u t o n s .  

--*---.-.--+r..ru*r --.- 
G r d y w d c k e  and s h a l e ,  fevr b a n d s  of ~ o r ~ ~ ]  lo11;er~j t~;  
c a l c i  tr and q u d r t t  v e ~ r i l e t ~ ,  L C O ~  I t e 5  
abundant .  

Impure q u a r t z ~  t e ,  ~ i d ~ - t r o s e  yr-aywackc .. s i  I i i e o u s  
a r g i l l i t c ,  s l a t e ,  minor cong1oc:erate. Local 
r ed -a rcen  c l l e r t  2 n d  s i  1 i ceohs  a r q i  1 ; i t e s .  
Contairis  Buch ia  c r a s s i c o l  i s .  s e c t i c n  s t r o n g l y  
f o l d e d  i n  d i v e r g e n t  d i r e c t i o n  from bnder l y i n g  
carbonaceous  r o c k s ,  

Unnamed-thcrruugi~l y  r . ec rys t a l1  i z e d  whi Ce to  
cream c o l o r e d  1 l r - - ~ . s t s n ?  and 1 i ~ i e s t o n e  cor l -  
q lomera te .  Con t? lns  ~ e u c c i ; ~ o r l o t l  s ,  I ~ ~ J L ' c ! I o ~ c ! I ~ ,  
o i  a c i  t e s .  

Dark 'colored f l o i : s ,  ; ~ g  10r::erate; bdsdl t dnd  
d i a b a s e ,  t u f f ;  myth ch1or i ; i zed .  

L ~ m c s t o n c ,  moder3tel;; r e c r y s t a l l i z e d ;  ?radi .s  
upward i n t o  v o l c a n i c s ;  c o n t ~ i n s  e c h i n o i d s ,  
c o r a l  s ,  Sryozoans a53  for?:.;s . '  

C h e r t ,  g r i t ,  co~olorr .c! -a te ;  c;u;lr t2i  t e ;  a11 
a r g i l  l i t e  group:  a l s o  : inissto!;c,  c ~ l c d r e o u s  
s a n d s t o n e ,  and s t :a lc .  A l l  c : ~ t  b y  d i k e s  dnd 
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Preliminary Report on the  Regional Geology, Oil and Gas Potential  and 
Environmental ilazards o f  the  Bering Sea Shelf South o f  S t .  Lawrence 

Is land,  Alaska 

Michael S. Marlow, Hugh McLean, Tracy L. Va l l i e r ,  David W. Scholl 
James V .  Gardner and Richard B. Powers 

ABSTRACT 

The Bering Sea she'lf i s  urlderlain by a t  l e a s t  11 basins t h a t  a r e  

prospective s i t e s  f o r  hydrocarbon accumulations. Ranging in areal  

2 2 2 2 s ize  from 130 km (50 m i  ) t o  246,000 km (95,000 mi ) these basins 

2 2 encompass a combined 'a rea  over  546,000 krn (21 1,000 mi ) , 1 arger  than 

the s i z e  o f  the s t a t e  o f  Cali fornia .  The  majority of the  basins a r e  

e i t h e r  el  onga te  graben ha1 f (asymmetric) grabens, o r  s t ruc tu ra l  sags 

and l i e  beneath f l a t  sea f l o o r  o f  the  she l f .  Geophysical data ind ica te  

t h a t  two of the  bas ins ,  S t .  . George . and Navarin, contain more than 10 km 

-(6.2 m i  ) of Upper Cretaceous ( ? )  and Cenozoic sedimentary s t ra ta .  

The inner shel f  i s  underlain by a broad basement high, Nunivak arch,  

the  western or seaward half  of which i s  characterized by an  arcuate  b e l t  

o f  high-frequency and high-amplitude magnetic anomalies. This zone of 

in tense  magnetic anomalies along the  shel f  i s  probably the  s igna ture  of 

a Mesozoic magmatic a rc  t h a t  extends from southwestern Alaska t o  eastern 

S iber ia  and cons i s t s  o f  Ju r a s s i c  t o  Cretaceous plutonic and volcanic 

rocks. We speculate t h a t  t h i s  magmati-c a r c  resul ted  f r o m  obl ique 

convergence and subduction in the Mesozoic between t h e  Kula(?) and North 

America p la tes  along the  eas te rn  Bering Sea margin. Folding and u p l i f t  
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