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RESOURCE REPORT FOR PROPOSED OCS LEASE SALE 57: 
NORTON BAS1 N , ALASKA 

M. A .  Fisher ,  W. W .  P a t t o n ,  Jr., D. R. Thor, 
M. L. H o h e s ,  E. W. S c a t t ,  C. H.  Nelson, and C. L. Wilson 

SUMMARY 

(1) Rocks i n  the  region that i nc ludes  Norton Basin form three belts that 

are d i s t i n g u i s h e d  by age and l i t h o l o g y .  F i r s t ,  Precambrian through lower 

Elesozoic s t r a t a  a r e  i n  a miogeocl ina l  b e l t  t h a t  u n d e r l i e s  nor thern  Alaska 

and nor the rn  S i b e r i a .  Second, middle and upper Mesozoic, and l o c a l l y  lower- 

m s t  Cenozoic, s t r a t a  form a vo lcan ic  b e l t  that a d j o i n s  the  miogeoclinal  

belt on the south. Volcanic s t r a t a  predominate i n  S i b e r i a ,  and nonvolcanic 

s t r a t a  predominate i n  Alaska. Th i rd ,  a  f o r e a r c  b e l t  l ies south of t h e  vol- 

canic  belt and i nc ludes  Mesozoic s t r a t a .  Three Cenozoic b a s i n s  a r e  super- 

imposed ac ross  the t h r e e  belts--Anadyr Basin i n  S i b e r i a ,  Hope Basin n o r t h  

of the Seward Peninsula, and Norton Basin, 

( 2 )  The s t r u c t u r e  of Norton Basin i s  dominated by west -nor thwest -s t r ik ing 

normal f a u l t s  that form grabens as deep a s  7 km and h o r s t s .  Basin f i l l  may 

be as o l d  a s  Late  Cretaceous. A Paleogene age f o r  some basin s t r a t a  i s  

i n d i c a t e d  by refraction v e l o c i t i e s  i n  the  s t r a t a  and by vo lcan ic  flows and 

s i l l s  i n  the b a s i n ;  these vo lcan ic  rocks may c o r r e l a t e  wi th  Paleogene vol- 

canic rocks on S t .  Lawrence Is land. An oligo-Miocene (? )  unconformity gen- 

e r a l l y  s e p a r a t e s  n o m a r i n e - d e l t a i c  strata below f r o m  marine strata above. 

Norton Basin  may have Sequn t o  form in t h e  La te  Cretaceous,  dur ing  

east-west compression between S i b e r i a  and North America. The basin forned 

as a  pull-apart f e a t u r e  along the r i g h t - l a t e r a l  Kaltag fault, which shows 

as much as  130 of offset. A middle Cretaceous unconformity may be the 



bottom of the bas in .  The age of rocks below the unconformity i s  n o t  known 

i n  deta i l - - the  rocks could be as young as middle Cretaceous and as o l d  as 

Paleozoic.  Geophysical evidence,  h o w e v e r ,  suggests a s i g n i f i c a n t  age gap 

exists between the Upper Cretaceous s t r a t a  i n  the basin and the  rocks under- 

lying the unconforrnity a t  the bottom of  t h e  bas in .  

( 4) The hydrocarbon p o t e n t i a l  of Norton Eas in  must be i n f e r r e d  from geo- 

phys ica l  d a t a  and f r o m  t h e  c h a r a c t e r i s t i c s  of s t r a t a ,  exposed around the 

bas in ,  that may n o t  be i n  o r  below the bas in .  Geochemical analyses o f  

Paleozoic and lower Mesozoic rocks on S t .  Lawrence Island show the rocks 

are thermally immature ( n o t  y e t  capable or' genera t ing  o i l )  . I f  Paleozoic  

rocks a re  beneath Norton Basin and were immature when t h e  b a s i n  began t o  

form, &@p b u r i a l  beneath t h e  basin may have brought the Paleozoic  rocks 

to matur i ty  duriny the Cenozoic. Middle Cretaceous d e l t a i c  and Tertiary 

nonmarine s t r a t a  around the  b a s i n  a r e  genera l ly  gas prone. We infer t h a t  

nonmasine and d e l t a i c  s t r a t a  i n  the basin a r e  a l s o  gas prone. 

Traps for  hydrocarbons a r e  of two types :  f a u l t - a s s o c i a t e d  and s t r a t i -  

graphic.  The f a u l t - a s s o c i a t e d  t r a p s  a r e  i n t e r i o r  o r  e x t e r i o r  t o  the h o r s t s .  

Traps could be interior t o  the h o r s t s  i f  a t h i c k  section of pre-Late 

Cretaceous s t r a t a  o v e r l i e s  metamorphic basement. Traps e x t e r i o r  t o  the 

horsts may be i n  sandstone l o c a l l y  de r ived  from e ros ion  o f  the h o r s t s  and 

i n  s t r a t a  arched by growth of h o r s t s .  S t r a t i g r a p h i c  t raps  may be where 

bas in  f i l l  pinches o u t  against the bottom of the basin, where unconformit ies  

a r e  over l a in  by bot tomset  o r  overbar,k deltaic d e p o s i t s ,  and where channel 

s a n e t o n e  is preserved i n  d e l t a  lobes. 

Appraisal  of the hydrocarbon resources  show that, a t  5 pe rcen t  prob- 

a b i l i t y ,  2.2 billion barrels of o i l  and 2 . 8  t r i l l i o n  cub ic  f e e t  of  gas nay 

be i n  the basin; a t  95 percent p r o b a b i l i t y  no oil o r  gas is p resen t .  The 



s t a t i s t i c a l  mean of the a p p r a i s a l  i s  0 .54  b i l l i o n  b a r r e l s  of oil and 0 .85  

t r i l l i o n  cubic  feet o f  gas. 

(5) Severa l  types of p o t e n t i a l  environmental  hazards a r e  p r e s e n t  i n  t h e  

n o r t h e r n  Bering Sea: ( a )  Surface and near-surface  faults a r e  common along 

the nor the rn  margin of Norton Basin. (b) Gas seepage may caGse uns tab le  

bottom sediment, as may l i q u e f a c t i o n  of bottom sediment during st on^. ( c )  

Ice scour ing of the s e a  bottom is common throughout Norton Sound; scour ing 

occurs l o c a l l y  i n  water  depths as g r e a t  as 30 m. Currents  erode i c e  gouges 

causing large shal law depress ions  i n  Yukon-derived mud. (d) S trong bottom 

cut-rents cause migrating f i e l &  of sand waves. And, ( e )  c o a s t a l  development 

i s  threatened by storm t i d e s  caused by s o u t h e r l y  storm winds. 

INTRODUCTION 

This r e p o r t  i s  a summary of information about an a r e a  of  t h e  nor the rn  Bering 

Sea c o n t i n e n t a l  shelf that is  bounded by the S e w a r a  Peninsula  on the n o r t h ,  by 

the l i n e  of the United Sta tes-Russ ia  Convention of  1867 on the west, and by S t .  

Lawrence I s l a n d  and the c o a s t l i n e  t h a t  r i m s  Norton Sound on the  sou th  and e a s t .  

Schol l  and Hopkins (1969) r e p o r t  that  a sedimentary b a s i n  under l i e s  t h e  o f f shore  

area. More recent d a t a ,  which form the  basis of part of this r e p o r t ,  show the 

b a s i n  i s  deepest beneath Norton Sound; a l s o ,  the basin has s u f f i c e n t  depth and 

areal e x t e n t  t h a t  the b a s i n  may be a target f o r  development of hydrocarbon 

resources  a f t e r  Outer  Con t inen ta l  Shelf  (OCS) L e a s e  Sa le  57.  The informal ,  b u t  

widely used, name for the b a s i n  i s  Norton Basin. 

The fol lowing d i s c u s s i o n  inc ludes  r e g i o n a l  geology, geologic  h i s t o r y ,  a d  

of f shore  s t r u c t u r e  and s t r a t i g r a p h y  as background data  to  d i scuss ion  of  the hydro- 

carbon potential and resource  a p p r a i s a l  of the o f f s h o r e  area .  Sections on envi-  

ronmental geology and on t5e technology and manpower needed and ' a v a i l a b l e  f o r  

development of o f f shore  r e sources  are also inc luded.  



GENERAL GEOLOGY 

Pre-Tertiary Rocks 

The pre-Tertiary rocks of the northern Bering Sea shelf  and adjoining p a r t s  

of northeast  S iber ia  and A l s k a  are divided i n t o  three broad geological  b e l t s  

herein named, miogeoclinal, volcanic, and forearc  ( f i g .  1) . Each b e l t  has a 

d i s t i nc t ive  rock assemblage and t ec ton ic  h i s tory .  

Miogeoclinal b e l t  

Included i n  this b e l t  are the Brooks Range, Seward Peninsula, ea s t e rn  and 

cen t r a l  pa r t s  of S t .  Lawrence Island, eas t e rn  and northern pa r t s  of the ~ h u k o t s k  

Peninsula, and Wrangel Island. The b e l t  i s  composed chief ly  of Precambrian, 

Paleozoic, and ea r ly  Mesozoic nonvolcanic sedimentary rocks which accumulated 

on ancient cont inental  crust. I n  the Brooks Range, Paleozoic and ea r ly  Mesozoic 

carbonate and nonvolcanic sedimentary rocks are rhrust t o  the north i n  imbricate 

slabs. The southern part of the b e l t  is underlain by a metamorphic complex of 

Paleozoic and Precambrian s c h i s t  and marble. The metamorphic complex extends 

southwestward from the  Brooks Range to the ea s t e rn  and cen t ra l  p a r t s  of the 

Seward Peninsula. The western p a r t  of the  Seward Peninsula i s  underlain by a 

thick sdccession of unmetamorphosed Paleozoic carbonate rocks which r e s t s  con- 

formably upon Precambrian slate. On S t .  Lawrence Island the niogeocl inal  deposi ts  

a r e  represented by metamorphosed Paleozoic and lower Mesozoic carbonate and 

nonvolcanic rocks which are nearly i d e n t i c a l  i n  l i thology and age t o  the strati- 

graphic sequence i n  the  northern part of the Brooks Range. On the Chukotsk 

Peninsula and on Wranqel Island 'he miogeoclinal b e l t  i s  made up mostly o f  un- 

metamorphosed Paleozoic and ea r ly  Mesozoic carbonate and nonvolcanic deposi ts  . 
However, gneiss and s c h i s t  of probable Precambrian age unconformably underl ie  

Paleozoic s t r a t a  on t h e  eas te rn  p a r t  of t he  Chukotsk Peninsula ( f i g .  1), and 

low-grade metasedimentary rocks of Paleozoic o r  Precambrian age occur i n  a small 

cen t r a l  complex on Wrangel Is land.  
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Figure 1. Geography and geology of region around Norton Bas in .  
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V o l c m i c  b e l t  

This b e l t  inc ludes :  (1) the  Yukon-Koyukuk province i n  western Alaska, ( 2 )  

w e s t e r n  St. Lawrence Island and St. Matthew I s l a n d  i n  the Bering Sea, and ( 3 )  

the sou the rn  Chukotsk and Anadyr River region i n  n o r t h e a s t  S i b e r i a  ( f i g .  1). 

The b e l t  is charac ter ized  c h i e f l y  by volcanic  rocks and by sedimentary rocks 

derived from volcanic  t e r r a n e s .  Rocks in the b e l t  are l a r q e l y  of l a t e  Mesozoic 

age, but l o c a l l y  include some e a r l i e s t  Cenozoic s t r a t a .  

Yes  Alaska. --1n western Alaska the volcanic  b e l t  under l i e s  the  Yukon- 

Koyukuk province ,  a broad wedge o f  Cretaceous s t r a t a  t l a t  stretches along the 

w e s t  c o a s t  of Alaska from t he   rooks Range t o  the Yukon d e l t a  ( f i g .  2 ~ 1  (Pa t ton ,  

1973) . The oldest s t r a t a  i n  the province  are  a sequence, a t  l e a s t  1,500 m thick, 

of a n d e s i t i c  volcanic  rocks of e a r l i e s t  Cretaceous (Neocomian) age (fig. 2 A ) .  

These vo lcan ic  rocks are o v e r l a i n  by'sedimentary rocks,  o f  middle Cretaceous 

( A l b i a n  and Cenomanian) age, w n i c n  l o c a l l y  may be as much as 8,000 m t h i c k ,  and 

a r e  made up of marine vo lcan ic  graywacke and mudstone. Some coal-bearing para- 

l i c  deposits are p r e s e n t  i n  the  upper p a r t  of the sequence. This sequence is 

subdivided i n t o  four g r a d a t i o n a l  l i t h o l o g i c  units t h a t  can be mapped i n  a gen- 

e r a l i z e d  way. 

The bulk of the sedimentary sequence ( f i g .  2B)  i s  i n  t h e  f i r s t  l i t h o l o g i c  

unit, and is  marine volcanic  graywacke, mudstone, and conglomerate of  E a r l y  

Cretaceous (ALbian) age. These volcanic sediments may be more than 6,000 m 

thick along the Yukon River-Norton Sound d iv ide .  The vo lcan ic  graywacke and 

the mudstone are w e l l  compacted, indura ted ,  and i n t e n s e l y  deformed. 

The second l i t h o l o g i c  unit i s  nearshore and nonmarine ca lcareous  qraywacke, 

mudstone, and conglomerate of Zarly and L a t e  Cretaceous (Albian and Cenomanian) 

age that  o v e r l i e  the v o l c a i c  sediments ( f i g .  2 C ) .  These calcareous strata, 

which may be as thick as 1,500 m ,  coarsen westward a c r o s s  the t rough ,  and a t  
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the  western edge of the province,  grade i n t o  nonmarine coa l -bear ing  d e p o s i t s .  

Ewosures  of these strata along the shore  of Norton Sound d i sp lay  the same in-  

tense deformation that c h a r a c t e r i z e s  t h e  underlying volcanic sedimentary rocks. 

The t h i r d  l i t h o l o g i c  u n i t  i s  nearshore and nonmarine sandstone,  mudstone, 

and coa l  of Ear ly  and Late Cretaceous (ALbian and Cenomanian) age  that o v e r l i e  

the vo lcan ic  sedimentary rocks i n  the southern  and sou theas te rn  parts of  the 

province and appear t o  be roughly c o r r e l a t i v e  with the calcareous graywacke and 

mudstone u n i t  (fig. 2C) . T h i s  coal-bearing unit, which has  an aggregate  tfiickness 

of a t  least 3,000 m, c o n s i s t s  of a r e g r e s s i v e  sequence t h a t  grades upward f r o m  

marine shale and sandstone i n t o  nonmarine s h a l e ,  s i l t s t o n e ,  sands tone,  and coal .  

Winnowed s t r a n d l i n e  sandstone and quartz conglomerate occur  l o c a l l y  i n  the zone 

of i n t e r f i n g e r i n g  marine and nonmarine beds. The sandstone  i n  this u n i t  i s  gen- 

erally distinguished from the sandstone i n  the o t h e r  middle Cretaceous sedimentary 

u n i t s  by b e t t e r  so r t i ng  and a h igher  percentage of  quartz and o t h e r  r e s i s t a n t  

rock and minera l  d e t r i t u s .  S t r u c t u r a l  deformation of this u n i t  ranges from 

t i g h t  folding and steep dips along the Norton Sound c o a s t  t o  broad open fo lds  

and g e n t l e  dips along the Yukon River v a l l e y .  

The fourth l i t h o l o g i c  unit is  nonmarine marginal t rough d e p o s i t s  of  q u a r t z  

conglomerate, sandstone,  t u f f ,  and c o a l  of  Late Cretaceous age that form a narrow 

band along the nor the rn  and sou theas te rn  per imeters  o f  the Yukon-Koyukuk prov- 

ince ( f i g .  2D). Similar assemblages have not  been i d e n t i f i e d  along t h e  west 

border  o f  the province,  

&ring Sea she Zf. --vol cahi  c rocks of Cretaceous age a r e  exposed on western  

S t .  Lawrence I s l a n d  and are v i r t u a l l y  a l l  of  the exposed bedrock on St. Matthew 

I s l and .  Marine magnetic d a t a  CVerba and o t h e r s ,  1971;  Marlow and others, 1976) 

ob ta ined  on t h e  Bering Sea s h e l f  s u g g e s t  "hat these vo lcan ic  rocks are part o f  

a broad magmatic a r c  t h a t  swings across t h e  s h e l f  f r o m  western Alaska t o  the 



Gulf of Anadyr. close to the Siberian coast, the  b e l t  is about 200 km w i d e  and 

is sharply defined by the magnetic data. Eastward from ~ i b e r i a ,  however, the 

boundaries of the volcanic b e l t  become vague as the b e l t  widens to  as much as 

600 km along the w e s t  coast of Alaska. This change appears to  r e f l e c t  differences 

in the character of the volcanic b e l t  between Siberia  and Alaska--in Siber ia  the  

b e l t  is  narrow, and is  composed almost exclusively of volcanic rocks; whereas 

in Alaska, the volcanic rocks a re  d is t r ibuted  over a much broader area and are 

intercalated and interfolded with nonmagnetic sedimentary rocks. 

flortheask Siberia.--In northeast Siberia  the Cretaceous volcanic rocks. ex- 

tend from the southern Chukotsk Peninsula northwestward nearly t o  Cham Gulf, 

and southwestward from there t o  the Sea of Okhotsk. This volcanic b e l t  separ- 

a tes  the Mesozoic miogeoclinal b e l t  on the north and northwest from the Cenozoic 

Anadyr-Koryak system on the southeast. The volcanic rocks are largely middle 

Cretaceous (Albian-Cenomanian) i n  age and range i n  composition from rhyol i te  t o  

basa l t  (Belyi, 1973) .  In  contrast  t o  the intense deformation of middle Cretaceous 

rocks i n  Alaska, the volcanic rocks i n  Siberia  are characterized by broad open 

folds and gentle dips. 

Forearc b e l t  

The Cretaceous volcanic b e l t  i s  bounded on the south by l a t e  Mesozoic sedi- 

mentary rocks which appear to  extend from the Koryak-Anadyr region of Siberia 

along the outer  edge of the Ber ing  Sea shelf t o  the Alaska Peninsula (fig. 1).  

I n  the Koryak-Anadyr region, Soviet geologists (Gladenkov, 1964;  Avdeiko, 1971) 

recognize an outer band of deep-water f l y s c h  deposits with rnafic volcanic rocks 

and an inner band of shallow-water and nonmarine sedimentary deposits. Recent 

dredging along the Bering Sea continental  margin suggests that t h e  shelf edge 

is underlain c l i e f l y  by shallow-water deposits of Late Jurassic age (Marlow and 

others,  wri t ten comun., 1 9 7 9 ) .  



Late  Cretaceous and T e r t i a r y  Rocks 

Anadyr Basin 

The m a d y r  Bas in  of nor theas t  Siberia is s i t u a t e d  on the  Bering Sea c o a s t  

southwest of  &he Chukotsk Peninsula ( f i g .  1) . T e r t i a r y  and Upper Cretaceous 

deposits of the b a s i n  a r e  super impos~d  on the  f o r e a r c  d e p o s i t s  o f  t h e  Koryak- 

Anadyr region i n  t h e  south  and c e n t r a l  parts of the b a s i n  and lap on to  the 

volcanic  b e l t  around 'he northern and northwestern pe r ime te r  (Meyerhoff, 1972; 

Agapi tov  and o t h e r s ,  19 73) . 
Upper Cretaceous and Paleogene d e p o s i t s  have an aggregate th ickness  of 

1,500 to  2,000 m ( f i g .  3 )  . The Upper Cretaceous s t r a t a  a r e  composed o f  a r g i l -  

lite and f ine -g ra ined  sandstone f l y s c h  depos i t s  of Albian t o  Senonian age, and 

coal-bearing m o l a s s e  depos i t s  of Senonian t o  Danian age. These rocks a r e  in-  

t ruded and o v e r l a i n  by Paleocene t o  lower Eocene mafic and in te rmedia te  vo lcan ic  

rocks. Upper Eocene t o  Oligocene t e r r igenous  depos i t s  of sandstone  and a r g i l -  

Z i t e  o v e r l i e  t h e  vo lcan ics .  The Upper Cretaceous t o  Paleogene s e c t i o n  i s  moder- 

a t e l y  t o  h ighly  f o l d e d  wi th  dips  on the  f l anks  of the f o l d s  a s  h igh a s  4 G 0 .  

Neogene deposits i n  Anadyr basin have an aggregate thickness of nea r ly  

3,000 m and comprise the p r i n c i p a l  sedimentary f i l l  of the  basin. More than 

2,000 m of t h i s  s e c t i o n  i s  made up of middle and upper Miocene s t r a t a  which i s  

composed o f  s h a l l m  marine, littoral, and coal-bearing nonmaxine depos i t s .  

Miocene strata are o v e r l a i n  by 400 t o  500 m of Pl iocene  s t r a t a ,  and by 70 t o  

120 m of Quatemaxy unconsolidated d e p o s i t s .  

St. Lawrence Island 

Two s e p a r a t e  s t r a t i g r a p h i c  u n i t s  of l o w e r  Tertiary v o l c a n i c  and non-volcanic 

coal-bearing d e p o s i t s  a r e  e w o s e d  on S t .  Lawrence I s l a n d  ( P a t t o n  and c s e j t e y ,  

1971) ( f i g .  1) The o l d e r  u n i t  i s  composed p r i m a r i l y  of f e l s i c ,  in t e rmedia te ,  

and mafic f l m s  and tuffs with thin bands of l i g n i t i c  coa l  and tuf faceous  sed i -  



Figure 3. Schematic cross sect ion of Anadyr bas in  (from Agapitov and others,  
1973) . 
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Wntary rocks .  The younger unit consists of poor ly  consol ida ted  ca lcareous  

sandstone ,  grit, and conglomerate, carbonaceous mudstone, ashy tuff, and vol- 

canic brecc ia .  Dn the e a s t - c e n t r a l  part of  the i s l a n d  the younger u n i t  is 

i n t e r c a l a t e d  w i &  r h y o l i t i c  and d a c i t i c  welded t u f f s .  K/Ar  determinat ions  f r o m  

the  ~ l c a n i c  mas give  ages o f  60 t o  65 m.y. (Paleocene) f o r  the o l d e r  unit 

and 38 may. (ezzly Oligocene) f o r  t h e  younger u n i t .  P l a n t  f o s s i l s  from t h e  

younger unit are a l s o  Oligocene. Both of these  e a r l y  T e r t i a r y  units a r e  s o  

poorly exposed S a t  l i t t l e  can be determined about  t h e i r  th ickness  and s t r u c -  

ture. - The aggrega te  thickness o f  both  units probably does n o t  exceed 200 m. 

Western Alaska 

Hope Basin i s  nor th  of  Seward Peninsula  and con ta ins  more than 3.,000 m 

of T e r t i a r y  and - x s s i b l y  some Cretaceous s t r a t a ,  accordkng t o  E i t t r e i m  and 

o t h e r s  (1978). They b e l i e v e  se i smic - re f l ec t ion  d a t a  show the b a s i n  f i l l  i s  

a v i d e d  by a s t r o n g  r e f l e c t o r  that may have a middle T e r t i a r y  age. Seismic 

v e l o c i t i e s  i n  rocks  below the b a s i n  sugges t  the rocks a r e  of middle t o  Lower 

Cretaceous age. 

Two small outcrops  of poor ly  consol ida ted  coal-bearing beds o f  T e r t i a r y  

age are known nea r  Unalakleet  on Norton Sound (Pa t ton ,  1973).  One i s  Located 

about 16 km sou th  of  Unalakleet  where about  10 m o f  c l ay  conta in ing l i g n i t i c  

coal  i s  exposed i n  low beach b l u f f s .  The o t h e r  d e p o s i t ,  which i s  o f  s i m i l a r  

l i t ho logy ,  is exposed i n  a 20-m-high r i v e r  b l u f f  on the Unalakleet  River ,  50 km 

eas t -nor theas t  of Unalakleet .  Both depos i t s  appear t o  be of  l i m i t e d  e x t e n t  

and confined t o  small s t r u c t u r a l  o r  topographic bas ins .  

A small i s o l a t e d  patch of conglomerate of  Cretaceous o r  T e r t i a r y  age occurs  

i n  the  s inuk  River va l l ey  on t h e  Seward Peninsula ,  35 km northwest  o f  Nome ( f i g .  

1). The conglomerate is composed l a r g e l y  of  poor ly  s o r t e d  metamorphic d e b r i s ,  

which c l e a r l y  was derived from the underlying Precambrian metamorphic complex. 

Sandstone, s h a l e ,  and c o a l  a r e  p r e s e n t  i n  minor mounts. 

9 



STRUCTURE AND STRATIGRAPHY OF NORTON B A S I N  

Sonobuoy ~ e f  r ac t i on  Measurements 

Thirty-four se ismic-refract ion p r o f i l e s  w e r e  obtained over Norton Bas in  

during 1977 and 1978, aboard the R,/V S.  P. LEE. The i n t e r v a l  ve loc i t i e s  and 

l ayer  thicknesses calculated from the sonobuoy p r o f i l e s  a r e  shown i n  t ab l e  A l ,  

i n  the ~ p 2 e n d i x .  The locat ions  of the sonobuoys, shown i n  f i gu re  4 a  and l i s t e d  

i n  table A l ,  r epresen t  the pos i t ion  along each sonobuoy l i n e  where the  c r i t i c a l  

d is tance f o r  the basement r e f r ac to r  w a s  reached. The data shown i n  t ab l e  A1 

were used to compute a second-order polynomial r e l a t i n g  two-way r e f l ec t i on  ' t i m e  

to one-way depth below the sea sur face  ( f i g .  4b) . Although the s c a t t e r  of t h e  

data poin ts  increases at r e f l ec t i on  times exceeding 2 s ,  t he  coe f f i c i en t  of 

2 
determination (R ) f o r  the f i t t e d  curve i s  s t i l l  high (0.995).  

The d i s t r i b u t i o n  of seismic v e l o c i t i e s  can be presented i n  histogram form. 

 his presen ta t ion  provides a convenient method of examining the data f o r  groups 

of v e l o c i t i e s  that might be diagnost ic  of l i t h o l o g i c  sequences. This technique 

w a s  used success fu l ly  by Sundvor and N y s a e t h e r  (1975) i n  a study of r e f r ac t i on  

da ta  from t h e  Norwegian cont inental  s h e l f .  Seismic v e l o c i t i e s  group i n t o  f i v e  

un i t s  t h a t  a r e  l abe l ed  Units A, B ,  C ,  D ,  and Basement i n  figure 4c. 

The a r e a l  extents of veloci ty  units B ,  C ,  and D of t he  bas in  f i l l  a re  shown 

i.n figure 4d. The basa l  unit D is character ized by compressional ve loc i t i e s  

ranging from 4.0 t o  5.0 ?un/s. Unit D occurs i n  two en echelon b e l t s ,  which 

s t r i k e  generally northwest. The axes of bath b e l t s  merge, and continue as one 

axis southeastward beneath the Yukon River de l t a ,  

Unit C,  with compressional v e l o c i t i e s  from 3.0 t o  3 . 8  km/s underl ies  most 

of cen t ra l  Norton Basin. Southwest of Nome the unit narrows and changes strike 

s l i g h t l y  t o  t he  northwest,  forming a  long tongue-like body. 

The next shallowest velocity unit, Unit B, has a d i s t r i b u t i o n  l i k e  the dis-  
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t r i b u t i o n  of Uni t  C. I n  the west ,  however, Uni t  C covers a g r e a t e r  area than 

either of Lke o t h e r  units. 

The v e r t i c a l  d i s t r i b u t i o n  of the var ious  v e l o c i w  u n i t s  i n  Norton Basin are 

shclwn i n  the  cross s e c t i o n  of f i g u r e s  4e and 4 f .  Basement depth between refrac- 

t i o n  s t a t i o n s  was obtained by convert ing time to depth using the curve i n  figure 

4b. The boundary between v e l o c i t y  u n i t s  A and B corresponds t o  a s t r o n g ,  basin-  

wide reflection on s i n g l e  channel records ;  the boundary i n  the c r o s s  s e c t i o n s  is 

based on t h e  r e f l e c t i o n  data. The o t h e r  i n t e r f a c e s  on the  c ross  s e c t i o n s  a r e  

drawn s t r i c t l y  on the basis of the v e l o c i t y  u n i t s  der ived f r o m  figure 4c. ' 

The cross s e c t i o n s  show that the basement s u r f a c e  forms a shallow (450 m) 

p l a t fo rm beneath Norton Sound between Golov in  Bay and S t u a r t  I s l a n d ,  and deepens 

toward Besboro Island (Sect ion  A-A')  . Another, slightly deeper p la t fo rm i s  be- 

tween S t .  Lawrence Island and the Yukon d e l t a  area (Section B - B ' )  . Most of t h e  

offshore area north of S t .  Lawrence Island i s  underlain by a fairly flat basement 

- 
surface a t  depths of 1.0 t o  1.5 km (Sec t ions  C-C' and D-Dl). Basement r i s e s  

northward from Norton Basin t o  crop o u t  on Seward Peninsula ,  and r i s e s  southward 

to crop o u t  on S t .  Lawrence I s l and .  

Seismic-Ref l e c t i o n  D a t a  

Se i smic - re f l ec t ion  data were obtained d u r i n g  1978 by the  R/V  S .  P. LEE;  t h e  

d a t a  a r e  24-fold. This discuss ion is p re l iminary ,  because only l i m i t e d  t i m e  has 

been a v a i l a b l e  t o  process  and t o  in t e rp re t  t h e  data. 

Se i smic - re f l ec t ion  da ta  r e v e a l  the b a s i n  i s  deepes t  n o r t h  and west of t h e  

Yukon d e l t a  ( f i g .  5a) . Traveltime t o  "he bottom of the b a s i n  i s  converted t o  

depth using the time-depth equation i n  f i g u r e  4b. The deepes t  poin t  measured 

is 7 km deep. West-northwest t r end ing  normal faults form grabens, which contain 

the t h i c k e s t  bas in  f i l l ;  these  grabens a r e  separa ted  by ho r s t s  over  which bas in  

f i l l  is genera l ly  th inner  than 3 km. The deep p a r t s  of the b a s i n  are formed b y  



p r o g r e s s i v e l y  deeper s t e p s  down f a u l t  blocks which form ser ies  of horsts, grabens 

and half-grabens.  Deep i n  t h e  b a s i n ,  t h e  faults show major displacement (measured 

i n  hundreds of m e t e r s ) ,  b u t  above a hor izon,  which is  genera l ly  about 2 t o  3 k m  

deep, the f a u l t s  show minor displacement t h a t  i s  l e s s  than 100 m. This hor izon 

may be a basinwide unconfonnity. 

The a r e a  of horst-and-graben s t r u c t u r e  i s  bounded on the nor th  by an a r e a  

under which the bottom of the  b a s i n  forms a p la t fo rm that s lopes  gen t ly  basinward. 

The p la t fo rm i s  shallow (less than about  1 k m  deep), and i s  r e l a t i v e l y  f r e e  of 

structure. A normal fault forms the southern  l i m i t  of  t h e  p l a t f o n  i n  most p l a c e s .  

A fault-bounded p la t fo rm a l s o  occurs  between S t .  Lawrence I s l a n d  and t h e  Yukon 

d e l t a .  

Norton Basin can be div ided i n t o  two p o r t i o n s  on the b a s i s  of  the complexity 

of  the faulting. The f i r s t  p o r t i o n  i s  w e s t  o f  the Yukon delta where the  normal 

faults s t r i k e  west-northwest and can be connected among seismic l i n e s  wi thout  

much d i f f i c u l n .  The second p o r t i o n  is  nor th  of t h e  Yukon d e l t a  where most of  

the f a u l t s ' a r e  d i f f i c u l t  t o  connect among se i smic  l i n e s ;  s o m e  l a r g e  faults evi- 

d e n t  on one line occur on no other l i n e .  The faults a r e  e i t h e r  h ighly  d i scon t in -  

uous, o r  have v a r i a b l e  s t r i k e s  s o  they converge and d iverge  i n  a complex p a t t e r n .  

Where strikes can be determined, the f a u l t s  l o c a t e d  nor th  o f  t h e  Yukon d e l t a  

s t r i k e  west-northwest,  l i k e  those w e s t  of  the d e l t a .  

Seismic S t r a t i g r a p h y  

The ages of strata i n  the b a s i n  a r e  n o t  we l l  known. The o l d e s t  s t r a t a  i n  

#e b a s i n  are thought t o  be of  Late Cretaceous age; the  b a s i s  fo r  this age is  

presented below i n  the d i scuss ion  of the geo log ic  history of  t h e  bas in .  Nelson 

Hopkins, and Scno l l  (1974) sugges t  t h a t  a reg iona l  l a t e  Miocene marine t r ans -  

g r e s s i o n  occurred.  They th ink the t r a n s g r e s s i o n  ended p r e - l a t e  Miocene deposi- 

t i o n  o f  nonmarine strata i n  Norton Basin. Most of  the s t r a t a  above t h e  uncon- 
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formi ty  a t  which faults decrease  i n  throw may be marine, and s t r a t a  below the  

u n c o n f o r n i q  may be Largely nonmarine o r  d e l t a i c .  These obeservat ions  gener- 

ally conform with the i d e a  of Nelson, ~ o p k i n s ,  and Scho l l  (1974)  o f  a  l a t e  

Miocene mar ine  t r ansgress ion .  

The d e p o s i t i o n a l  environment o f  t h e  s t r a t a  nea r  t h e  unconformity is  i n t e r -  

p r e t e d  from the a c o u s t i c  siqnature of  the s t r a t a .  Ref lec t ions  just below the 

unconfomity a r e  mostly i r r e g u l a r  and discont inuous ,  p o s s i b l y  i n d i c a t i n g  l o c a l -  

i z e d  sediment  bodies i n  f l u v i a l  o r  d e l t a i c  systems. The sequence of i r r e g u l a r  

reflections is widespread i n  t h e  b a s h  and appears t o  come from t h e  d i r e c t i o n  

of the p r e s e n t  Yukon d e l t a ;  t h e  Yukon, t h e r e f o r e ,  may have supp l i ed  most of the 

strata in  the sequence. Rbove t h e  unconfomi ty ,  r e f l e c t i o n s  a r e  ex tens ive  and 

p a r a l l e l ,  sugges t ing  depos i t ion  over  w i d e  a r e a s  by unconfined c u r r e n t s ,  l i k e  

those t h a t  occur i n  a marine-shelf environment. 

S t rong ,  discontinuous r e f l e c t i o n s  from deep wi th in  Norton B a s i n  a r e  i n t e r -  

p r e t e d  t o  be volcanic  rocks i n  flaws o r  sills. The proportion of vo lcan ic  rocks 

i n  the basin is  low, but t he  propor t ion  i s  h ighes t  deep i n  the  grabens. The 

presence  o f  t h e  volcanic  rocks in the graben r a i s e s  t h e  ques t ion  of whether the 

bottom of the b a s i n  is  c o r r e c t l y  l o c a t e d  i n  the  deep grabens,  o r  whether ,  l o c a l l y ,  

the i n t e r p r e t e d  bottom i s  e r roneous ly  p laced  on a flow o r  sill. I f  s o ,  . the  basin 

may be deeper  than shown on f i g u r e  5a. 

Volcanic rocks on S t .  Lawrence Island range i n  age from Paleocene t o  Oligocene, 

i f  the vo lcan ic  rocks i n  Norton   as in have t h e  same age as volcanic rocks on S t .  

Lawrence I s l a n d ,  basin f i l l  that encases the vo lcan ic  rocks is a t  Least  a s  o l d  a s  

the youngest (Oligocene) v o l c a n i c  rocks on the i s land.  

Refract ion-seismic d a t a  provide  a d d i t i o n a l  evidence for t 9e  age of s t r a t a  

i n  and beneath the bas in .  A s imple  and d i r e c t  correlaL&on of compressional ve l -  

oc i ty  with age and/or rock type  i s  o f t e n  d i f f i c u l t  t o  make because compressional 



veloci t ies  axe camplex functions of bur ia l  h i s t o r y ,  l i tho logy ,  and age of the 

rocks involved. In some cases ( f o r  i n s t a n c e ,  Dolzhanskiy and o t h e r s ,  1966; and 

Sundvor and N y s a e ~ l e r ,  1975) i n v e s t i g a t o r s  have been ab le  t o  show t h a t  c e r t a i n  

l i t h o l o g i c  sequences d i sp lay  a degree of coherence i n  their v e l o c i t y  s p e c t r a .  

The v e l o c i t y  mi- shown i n  figure 4c a r e  d i s t i n c t  enough i n  most cases  t h a t  some 

confidence can be placed i n  an i n t e r p r e t a t i o n  that the v e l o c i t y  units r e p r e s e n t  

age o r  rock-type qroups.  

V e l o c i t i e s  b3gher than 5.0 km/s form the basement v e l o c i t y  u n i t .  The vel- 

o c i t i e s  a r e  c h a r a c t e r i s t i c  of igneous,  metamorphic, and indura ted  sedimentary 

rocks (Grant and X e s t ,  1965) , indicating t h a t  Norton Basin i s  probably  f loored  

by rocks s i m i l a r  to t he  d ive r se  Precambrian, Paleozoic ,  and lower Mesozoic rocks 

exposed on the  S w a r d  Peninsula ,  on S t .  Lawrence I s l a n d ,  and on the Chukotsk 

Peninsula. Unit  D is  lowermost i n  the basin; velocities i n  s t r a t a  of t h i s  u n i t  

range from 4.0 t o  5.0 h / s .  Because these  v e l o c i t i e s  are close  i n  va lue  t o  vel- 

o c i t i e s  measured i n  Mesozoic strata i n  Anadyr b a s i n  ( b l z h a n s k i y  and o t h e r s ,  1966), 

s t r a t a  i n  this v e l o c i t y  unit i n  Norton Basin also may be Mesozoic- The velocity 

d iv i s ion  between U n i t s  B and C ( f i g .  4c) occurs a t  3.0 km/s, which i s  c l o s e  t o  

the v e l o c i t y  measured a t  the i n t e r f a c e  between Neogene and Paleogene s t r a t a  i n  

Anadyr bas in  ( ~ o l z h a n s k i y ,  1966) . Prel iminary  comparison of the r e f r a c t i o n  and 

r e f l e c t i o n  data suggests t h i s  i n t e r f a c e  i s  the unconforrnity a t  which f a u l t s  de- 

crease  i n  throw. W e  b e l i e v e  t h e  unconfomi ty  i s  between Oligocene and Miocene 

strata, and below we refer t o  the unconformity as t h e  Oligo-Miocene ( ? )  uncwn- 

formity. I f  this age f o r  t h e  unconformity i s  c o r r e c t ,  marine d e p o s i t i o n  i n  t h e  

basin began i n  the e a r l y  Miocene, which i s  e a r l i e r  than the  l a t e  Miocene trans- 

gress ion  proposed by Nelson, Hopkins, and s c h o l l  (1974)  . 
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~ c o u s t i c  Anomalies 

AS reported by Z l i n e  and Holmes (1977, 1978) and b y  Nelson and o t h e r s  

(1977) ,  abundant a c c u t i c  anomalies a r e  ev iden t  i n  se ismic  d a t a  ob ta ined  over  

Norton Basin. F i g u r e  5b shows the d i s t r i b u t i o n  o f  the a c o u s t i c  anomalies along 

more than 15,000 km EI? se i smic - re f l ec t ion  l i n e s  i n  Norton Basin. TWO d i s t i n c t  

types  of a c o u s t i c  a m m a l i e s  a r e  observed on t h e  se i smic  r e f l e c t i o n  records: re- 

f l e c t o r  "pull-downs" and r e f l e c t o r  terminations. Both types could be caused by 

the presence o f  gas  5x1 the near-surface (upper 150 m) sediment. R e f l e c t o r  "pu l l -  

downs" have been o b s ~ r v e d  and descr ibed by o t h e r  i n v e s t i g a t o r s  i n  both deep- and 

shallow-water a r e a s  (Lindsey and Craft, 1973; Cooper, 1978).  The "pull-down" re- 

f l e c t i o n s  are caused 3 y  a g r e a t e r  t r a v e l t i m e  through the  gas-charged sediment 

because gas causes a dec rease  i n  compressional v e l o c i t y  i n  t h e  sediment. A de- 

c rease  i n  compressional  v e l o c i t y  and i n  density, Sue to t he  presence  of gas i n  

the sediment, r e s u l t s  i n  a l a r g e  negative r e f l e c t i o n  c o e f f i c i e n t  a t  the top of 

the  gas-charged l a y e r  (Craft, 1973; S a v i t ,  1974) . 

Extens ive  r e f  l e c t o r -  te rminat ion  anomalies, observed throughout Norton Basin 

( f i g .  5b), may a l s o  be caused by subsurface  accumulation of gas i n  s u f f i c i e n t  

q u a n t i t y  that a t t e n u a t i o n  and s c a t t e r i n g  of  the seismic s i g n a l  i s  v i r t u a l l y  com- 

p le te .  The anomaly a s s o c i a t e d  wi th  t h e  gas seep south  of  Nome is c h a r a c t e r i z e d  

by a sudden t e rmina t ion  of  subbottom r e f l e c t o r s ,  and by a dramat ic  "pull-down" 

of t h e  r e f l e c t o r s  a t  t h e  margins of the anomaly. 

The distribution of acous t i c  anomalies, shown i n  figure 5b, sugges t s  t h a t  

near-surface accumulations of ga s  a r e  most common i n  the  central p a r t  of Norton 

Basin, northwest of t h e  Yukon River delta. The apparent  gas - f ree  zones along the 

southern  and eastern shores  of Norton Basin are due t o  a lack of d a t a  from these 

shallow-water areas. O v e r  western Norton Basin, however, seismic r e f l e c t i o n  

coverage is good, b u t  few a c o u s t i c  anomalies are present. 



GEOLOGIC HISTORY 

Norton Basin is ad jacen t  t o  t h e  Kaltag f a u l t ,  a major s t r i k e - s l i p  f a u l t  

showing between 60 and 130 k m  of  r i g h t - l a t e r a l  sepa ra t ion .  The proximity of  t h e  

b a s i n  t o  the fault and the ex tens iona l - t ec ton ic  s t r u c t u r e  of the  b a s i n  sugges t  

the basin formed as a  p u l l - a p a r t  f e a t u r e  along t h e  f a u l t .  Such an o r i g i n  impl ies  

that c r u s t a l  blocks on opposi te  s i d e s  o f  the  f a u l t  diverged as the  f a u l t  moved. 

The divergence could be caused by the f a u l t  curving t o  the  northwest n e a r  the 

b a s i n  ( f i g .  6 )  , causing an a r e a  o f  ex tens iona l  tectonisrn t o  form between diverg-  

ing blocks.  

Scholl and o t h e r s  (1970) searched for a seaward con t inua t ion  o f  the Ka l t ag  

f a u l t ,  b u t  could find no se i smic - re f l ec t ion  evidence from l a t e  ~ e n o z o i c  s t r a t a  

for this f a u l t .  They conclude t h e  f a u l t  w a s  a c t i v e  during the  e a r l y  and middle 

~ e r t i a r y .  Though o f f s e t  streams show that minor movement occurred along the 

f a u l t  in the late Cenozoic, we concur with t h e  conclusion of  Scho l l  and o t h e r s  

(1970) that t h e  f a u l t  was a c t i v e  dur ing  the e a r l y  T e r t i a r y .  W e  p o s t u l a t e  f u r t h e r  

t h a t  the f a u l t  was a c t i v e  dur ing t h e  Late  Cretaceous and e a r l i e s t  T e r t i a r y  com- 

p r e s s i o n  between S i b e r i a  and North America (Pa t ton  and T a i l l e u r ,  1977).  The 

fault may have formed as a  c r u s t a l  break t o  r e l i e v e  compressive s t r e s s  i n  the 

region. If the  extens ion t h a t  caused Norton Basin t o  form i s  due t o  movement 

along the KaLtag f a u l t ,  the basin began t o  form i n  the Late  Cretaceous with the 

o n s e t  of compression and consequent f a u l t  movement, o r  s h o r t l y  t h e r e a f t e r  . 
I f  Norton Basin formed as a p u l l - a p a r t  bas in ,  the l a r g e  throw of f a u l t s  

below the  Oligo-Miocene ( ? )  u n c o n f o d t y ,  i n  compzrison t o  the  th row above t h e  

unconfonnity, suqges t s  the g r e a t e s t  extens ion occurred  during t he  Late  Cre taceous  

and Paleogene. The b a s i n  may have f i l l e d  r a p i d l y  dur ing  the time o f  g r e a t  exten- 

s ion.  

T h e  b a s i n  rece ived sediment as soon a s  low-lying a r e a  develo-ped; the o l d e s t  



Figure 6. Formation of N o r t o n  Basin as a pul l -apar t  b a s i n  along K a l t a g  fault. 



s L d a t a  in the bb-in, the re fo re ,  a re  probably o f  Late Cretaceous age. This inter- 

pretation is s u ~ g o r t e d  by t he  h i s t o r y  of sedimentat ion i n  the Yukon-Koyukuk prov- 

i n c e  where a mizzle Cretaceous conglomerate, l y i n g  along t h e  e n t i r e  western margin 

of t h e  Yukon-KoyAuk province,  con ta ins  cobbles of Pa leozo ic  rock from t h e  mioqeo- 

c l i n a l  belt. Micldle Cretaceous d e l t a i c  s t r a t a  t h a t  o v e r l i e  t h e  conqlomerate a r e  

sandstone ,  s h a l e *  and coal ;  some of  the sandstone is  c a l c a r e n i t e  that may have 

been der ived  from Paleozoic  carbonate rocks. T h e  source a r e a  f o r  the deltaic 

s t r a t a  and t h e  cfznglomerate i s  the  a r e a  now below Norton Sound; arrows i n  f i gu re  

2c show t h e  d i r e c t i o n  of  sediment t r a n s p o r t .  During the middle Cretaceous, the re -  

f o r e ,  t h e  a r e a  of Norton Sound was high-standing and w a s  eroded. Erosion exposed 

Pa leozo ic  rocks Gver a broad a r e a  because the conglomerate extends  t h e  l eng th  of 

the  western  margin of the Yukon-Koyukuk province.  The area of  Norton Basin may 

have been eroded t o o ,  So t h a t  t h e  middle Cretaceous unconformity forms t h e  t o p  

of t h e  basement *neath the Late Cretaceous and younger s t r a t a  i n  the bas in .  The 

depth of e ros ion  i n  the  a rea  of Norton Basin i s  not  known; the age of  basement 

s t r a t a  could range from Paleozoic  t o  middle Cretaceous. The  s t r o n g  reflection a t  

the bottom of t h e  b a s i n  suggests a l a r g e  a c o u s t i c  impedence c o n t r a s t  e x i s t s  between 

t h e  pre-Late Cretaceous basement rocks and the  Late Cretaceous and younger b a s i n  

f i l l ;  a s i g n i f i c a n t  age gap probably e x i s t s ,  t h e r e f o r e ,  between s t r a t a  i n  the base- 

ment and the b a s i n  f i l l .  Refrac t ion  v e l o c i t i e s ,  measured i n  s t r a t a  i n  and below 

the b a s i n ,  a l s o  sugges t  an age gap--in the deep p a r t s  of the  b a s i n  r e f r a c t i o n  vel- 

o c i t i e s  measured i n  t he  s t r a t a  are near  5 km/s ( v e l o c i t y  Uni t  D, f i g .  4c); whereas 

v e l o c i t i e s  measured below the b a s i n  a r e  nea r  6 km/s (Basement v e l o c i t y  u n i t )  . 
Norton Basin f i l l e d  i n  the Late  Cretaceous and e a r l y  T e r t i a r y  during the 

pe r iod  of  major f a u l t i n g .  A f t e r  the early T e r t i a r y  t h e  b a s i n  continued to  sub- 

side and to  rece ive  sediment a s  shown by  b a s i n  f i l l  lapping away from basin 

c e n t e r  o n t o  the  basement. Late Tertiary subsidence i s  probably due t o  i s o s t a t i c  



adjustment of the c r u s t  t o  the l oad  of sediment i n  t h e  ex tens iona l  p a r t  of the 

bas in .  Subsidence allowed the  bas in  to  grow beyond the l i m i t s  of t h e  area af- 

f ec ted  by ex tens iona l  t e c t o n i c s .  

The ex tens iona l  t e c t o n i c s  t h a t  formed t h e  b a s i n  may have caused LFle c r u s t  

beneath Norton Basin t o  t h i n .  Some normal f a u l t s  could have become avenues for 

upward migrat ion o f  magma t h a t  extruded during bas in  formation. Volcanism and 

a relatively thin crus t  probably i n c r e a s e d  the geothermal g r a d i e n t  i n  the  b a s i n  

r e l a t i v e  to the g r a d i e n t  t h a t  e x i s t e d  away from the a r e a  of  extension.  

I n  summary, the s p e c u l a t i v e  model j u s t  described sugges t s  t h e  area t h a t  

now under l i e s  Norton Sound was eroded i n  the middle Cretaceous and shed debris 

i n t o  the  Yukon-Koyukuk province ,  I n  the Late  Cretaceous, compression occurred 

between S i b e r i a  and North ~ m e r i c a .  The compression caused the Kaltag f a u l t  to  

form, and while movement occurred  on the fault, Norton Basin formed as a  p u l l -  

a p a r t  bas in .  Norton Basin probably began t o  fill i n  t h e  Late Cretaceous. 

PETROLEUM GEOLOGY 

I n d i c a t i o n s  of  Oil and Gas 

The populace around Norton Sound has made numerous r e p o r t s  of o i l  seeps. 

Examination of some repor ted  seeps  by g e o l o g i s t s  shows, however, t h a t  what was 

p resumed  t o  be oil was something e l s e ;  f o r  example, some r e p o r t e d  o i l  s l i c k s  

turned o u t  t o  be i r o n  oxide films (Payne, 1959) . Fur the r ,  a "pa ra f f  in - l ike  

foam", r epor ted  t o  blow ashore  a t  Nome (Ca thca r t ,  1920) , may be spume t h a t  corn- 

m n l y  occurs on exposed beaches dur ing  t imes of s t r o n g  onshore winds, Payne 

(1959) r epor t s  an oil seep may be i n  t h e  Sinuk River Val ley  northwest  of Nome; 

Pa t ton  and F i s h e r  d i d  not f i n d  a seep i n  the summer of  1978 whi le  examining 

T e r t i a r y ( ? )  s t r a t a  i n  the v a l l e y .  Payne (1959) r e p o r t s  the e x i s t e n c e  of another  

seep  near  "he mouth o f  the I n g l u t a l i k  River ,  which e m p t i e s  i n t o  Norton Bay, and 

Cathcart (1920) r e p o r t s  the occurrence  of o i l  i n  one of the two s h a l l m  (less 



than 100 m d-p) wells d r i l l e d  nea r  Cape Nome i n  1906. To d a t e ,  however, w e  do 

n o t  know of zziy o i l  occurrence that h a s  been v e r i f i e d .  

G a s  seeps  commonly occur  i n  and around Norton Sound. Two w e l l s  a t  Cape 

Nome encountf red  shal low, high-pressure gas. Seeps of combustible-gas a r e  com- 

rrmn on the YCcon d e l t a  where gas i s  o f t e n  trapped beneath r i v e r  i ce  i n  win te r ;  

this gas may be marsh gas (methane) o f  b iogen ic  o r i g i n  (Payne, 1959) . Offshore,  

maters mark l a r g e  a r e a s  of the s e a f l o o r ,  and a c o u s t i c  anomalies commonly occur 

i n  seismic data. Gas may cause both  the c r a t e r s  and the  ulomalies.  A gas  seep,  

l o c a t e d  64  km sou th  of  N a m e ,  contains mostly carbon-dioxide g a s , - b u t  a small 

f r a c t i o n  of hydrocarbon gas is a l s o  p r e s e n t .  The importance of the  gas seep t o  

the hydrocarbon p o t e n t i a l  of  t h e  b a s i n  i s  descr ibed below, i n  the d i scuss ion  of 

p o s s i b l e  sources fo r  hydrocarbons. 

The presence of  oil s h a l e  on Besboro I s l a n d  (Payne, 1959), norL5east o f  

Una lak lee t ,  i s  unsubstantiated; presence of  o i l  s h a l e  t h e r e ,  however, i s  u n l i k e l y .  

Source, Reservoi r ,  and Trap 

Hydrocarbon-source and r e s e r v o i r  c h a r a c t e r i s t i c s  of s t r a t a  i n  Norton Basin 

m u s t  b e  i n f e r r e d  from the c h a r a c t e r i s t i c s  of s t r a t a  t h a t  rim the basin, b u t  may 

n o t  be i n  o r  beneath the b a s i n ,  a n d  from the a c o u s t i c  s i g n a t u r e  of the b a s i n  

f i l l .  The d i scuss ion  concerns,  i n  t u r n ,  t he  t o p i c s  of p o s s i b l e  sources ,  r e s e r -  

v o i r s ,  and traps f a r  hydrocarbons; as each t o p i c  i s  discussed, the c h a r a c t e r i s t i c s  

of onshore s t r a t a  are descr ibed f i r s t ,  followed by t h e  i n f e r r e d  c h a r a c t e r i s t i c s  

of b a s i n  s t r a t a .  

Source 

To determine the source  p o t e n t i a l  of  s t r a t a  around Norton Basin,  outcrop 

samples from S t .  Lawrence Island, from the Sinuk River Valley on the Seward 

Pen insu la ,  and from the  Yukon-Koyukuk province  were analyzed for  m a t u r -  

ity using v i t r i n i t e  r e f l e c t a n c e  and thermal  a l t e r a t i o n  index,  and f o r  source  



r i cnness  using s o l v e n t  e x t r a c t i o n  ( C  ) and o rgan ic  carbon percentage.  Geochem 
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LaSorator ies ,  Inc .  dia the  analyses ;  t h e  r e s u l t s  a r e  summarized i n  t a b l e  1. 

DCW (1977) cons iders  source  strata t o  be capable of genera t ing  o i l  when 

v i t r i n i t e  r e f l e c t a n c e  values f r o m  t h e  s t r a t a  a r e  between 0.65 and 1.0 p e r c e n t ;  

t h i s  range is  used i n  this r e p o r t .  T i s s o t  and Welte (1978, p. 96) show good 

c l a s t i c  source s t r a t a  genera l ly  con ta in  about 2 w t  p e r c e n t  organic  carbon, and 

0.5 w t  pe rcen t  is  the minimum carbon content  for source  rocks .  Also bitumen 

(o rgan ic  m a t e r i a l  e x t r a c t a b l e  wi th  s o l v e n t s )  from good source  rocks con ta ins  

about 50 pe rcen t  hydrocarbons, m o d  carbonate source  s t r a t a  conta in  about  0 .67 

w t  p e r c e n t  o rgan ic  carbon. 

Dow (1977) and Tissot and Pielte (1978) show that t h e  type of kerogen ( in-  

so lub le  organic  ma t t e r )  i n  s t r a t a  determines the  type of hydrocarbons genera ted  

from the s t r a t a .  I n  t h i s  r e p o r t ,  w e  recognize f o u r  types  of  kerogen: coaly ,  

woody, herbaceous, and amorphous. Coaly kerogen is g e n e r a l l y  i n e r t  and produces 

l i t t l e  or  no hydrocarbons. Woody kerogen is  from the  s t r u c t u r a l  p a r t s  of p l a n t s  

and tends to produce gas. Herbaceous kerogen i n c l u d e s  spores ,  po l l en  and p l a n t  

cuticle, and may y i e l d  o i l  o r  gas o r  both ,  depending on the propor t ions  o f  the 

c o n s t i t u e n t s .  Amorphous kerogen i s  genera l ly  from microorganisms, and y i e l r k  

o i l .  u s u a l l y ,  kerogen i n  s t r a t a  i s  a mixture of the f o u r  types.  

Nine outcrop samples from St. Lawrence Island range i n  age from Devonian 

t o  Ter t i a ry .  The Paleozoic  and Mesozoic c l a s t i c  rocks con ta in  about 2.1 w t  

percen t  organic  carbon; the  carbonate rocks ,  however, con ta in  only 0 - 4  w t  per- 

cent  o r  less. I n  both c l a s t i c  and carbonate rocks ,  herbaceous and woody kerogen 

predominate. Thermal a l t e r a t i o n  index  values shcw a l l  samples a r e  thermally 

immature, except  f o r  the sample o f  Permo-Triassic s h a l e .  The low thermal a l t e r -  

a t ion  of t h e  samples of Paleozoic  rocks ,  i n  comparison t o  t h e  s l a t e -  and s c h i s t -  
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grade metamorphism of Paleozoic rocks on the Seward Peninsula ,  impl ies  t h e  

Paleozoic  s t r a t a  under the i s l a n d  have  n o t  been deeply busied.  

The sample of Permo-Triassic s h a l e  is the one thermally mature sample from 

S t .  Lawrence I s l and .  The matur i ty  may be a t t r i b u t e d  t o  l o c a l  thermal e f f e c t s  of  

Cretaceous i n t r u s i v e s  . Despite t h e  ma tu r i ty  of t h e  sample, the  predominantly 

woody and m a l y  kerogen of the sample y i e l d e d  only 10 p e r c e n t  hydrocarbons dur- 

ing the solvent e x t r a c t i o n  ( C  15+) . The s h a l e ,  t h e r e f o r e ,  is  gas prone. 

Nonmarine T e r t i a r y  s t r a t a  from t h e  younger Tertiary unit on St. Lawrence 

I s l a n d  a re  mostly coaly sandstone and s i l t s t o n e  t h a t  have high organic-carbon 

contents, The predominance of woody and coaly kerogen and t h e  low degree of 

thermal a l t e r a t i o n  make these  s t r a t a  p o s s i b l e  sources  f o r  methane gas.  

The analyses of samples from S t .  Lawrence Island do n o t  i n d i c a t e  any o i l -  

prone source rocks. This  conclusion must be evaluated  along with t h ree  reasons  

for caut ion:  (1) only nine samples a r e  analyzed and t h i s  low number i s  n o t  a 

s t a t i s t i c a l l y  v a l i d  e s t ima te  of the  source-rock quality o f  t h e  e n t i r e  strati- 

graph ic  s e c t i o n  exposed on the  i s l a n d ;  ( 2 )  the geochemical p r o p e r t i e s  of the 

T e r t i a r y  strata a r e  of doubtfu l  r e g i o n a l  s i g n i f i c a n c e  because t h e  outcrops  are 

i s o l a t e d  and smal l ;  and ( 3 )  the samples were n o t  c o l l e c t e d  s p e c i f i c a l l y  f o r  

o r g a n i c  geochemical a n a l y s i s  because access t o  t h e  island i s  r e s t r i c t e d  by t h e  

n a t i v e  popula t ion ,  thus whatever p r o m i s i n g  samples were a t  hand, were a n a l y z e d .  

Nonmarine s t r a t a  i n  the Sinuk Valley a r e  of ~ e r t i a r y  ( ? )  age. The sandstone 

sample conta ins  only 0.37 w t  percen t  o r g a n i c  carbon, and t h e  kerogen i s  mostly 

herbaceous and woody. A v i t r i n i t e  r e f l e c t a n c e  value of 0.86 p e r c e n t  shows the 

sandstone i s  i n  the  l a t e  s t a g e s  o f  o i l  formation;  the  p ropor t ion  of  hydrocarbons 

i n  the s o l v e n t  e x t r a c t  (C15+) , however, is low. The sample, Ltherefore, i n d i c a t e s  

s t r a t a  i n  the  v a l l e y  a r e  ?as prone. 

Outcrop samples from shales in middle Cretaceous deltaic s t r a t a  exposed 



i n  s e a  c l i f f s  near the t w n  of unalakleet  genera l ly  conta in  about 0.5 t o  1.9 wt 

percen t  organic  caxbon. Herbaceous and woody kerogen predominate. The s=ata 

&re thermally al tered--both v i t r i n i t e - r e f l e c t a n c e  and thermal a l t e r a t i o n  analyses  

show the s t r a t a  range from m a t ~ e  to severe ly  a l t e r e d .  The degree of  thermal 

a l t e r a t i o n  and the type of kerogen i n d i c a t e  the s t r a t a  are gas prone. 

The predominance of woody, herbaceous, and coaly  kerogen i n  the gas-prone 

T e r t i a r y  and Cretaceous s t r a t a  t h a t  r i m  Norton B a s i n  results from the nonmarine 

and d e l t a i c  environments of depos i t ion  of t h e  s t r a t a .  We i n f e r  that the same 

type of kerogen predominates in d e l t a i c  strata i n  Norton Basin ,  and may y i e l d  

gas-prone source s t r a t a  there too.  The d e s c r i p t i o n  of s t r a t a  as "gas-prone" 

does n o t  mean o i l  cannot be produced from t h e  s t r a t a ,  r a t h e r  the  d e s c r i p t i o n  

means gas i s  more l i k e l y  to be produced than o i l .  The marine (parallel bedded) 

s t r a t a  i n  Norton Basin may con ta in  more amorphous keroqen than t h e  deltaic s t r a t a ;  

+be marine s t r a t a ,  t h e r e f o r e ,  may be a source for o i l  i f  the s t r a t a  a r e  thermal ly  

mature . 
I n  the of f shore  a r e a ,  some s t r a t a  are mature enough t o  produce hydrocarbons 

a s  shown by gas from the seep  south  of Nome. Table 2 shms t h e  composition of 

the gas (K.  Kvenvolden, w r i t t e n  commun., 1979).  Though most of the gas  i s  

caxbon d iox ide ,  gasoline-range ( C  -C 1 hydrocarbons that a r e  p r e s e n t  i n  the gas 
5 7 

i n d i c a t e  source s t r a t a  of unknmn q u a l i t y  are i n  the bas in .  The carbon i so tope  

ratio of the methane g a s  is about  -35 permil PDB (Peedee Belemnite s t a n d a r d ) ,  

The ratio and the presence  o f  hyrocarbon gases heavier than ethane  (C  ) sugges t  
2 

the gas is n o t  b iogenic ,  r a t h e r  the  gas probably formed dur ing thermal al tera-  

t i o n  of o rgan ic  m a t e r i a l  (K. Kvenvolden, w r i t t e n  cornrnun., 1979;  Feux, 1977).  

The dominant gas a t  the seep, carbon dioxide ,  has a carbon isotope r a t i o  of 

about  -3 permil PDB, sugges t ing  the gas might be der ived from decomposition of 

marine carbonates a t  depth (K. Kvenvolden, w r i t t e n  comrnun. , 19 79; Feux, 1977) . - 



Table 2 . - - C o m p o s i t i o n  of gas from offshore  seep 

Component Percen t  

=02 
N2 
O2 
Ar 

a 4  
hydrocarbon 

gasses 

2 
He 

20 

0 -01 
0.01 

>o .01 
t r ace  

Hydrocarbon Gasses 

Gas - EPm 

me thane 
et . !  ane 
propane 
n-butane 

isobutane  

=5+ 

36 2 
39 
18 

4 
20 

present b u t  not 
quan t i f i ed  

*exclusive of m e t h a n e  ( C H ~ )  



I n  add i t ion  to  p o s s i b l e  source rocks w i t h i n  t h e  b a s i n ,  Pa leozo ic  and lower 

Nesozoic s t r a t a  t h a t  m a y  be i n  the  basement could a l s o  b e  sources  of hydrocarbons. 

Paleozoic  and lower Mesozoic s t r a t a  in -the a r e a  of  the b a s i n  may have been a s  

thermally immature b e f o r e  the bas in  formed as s t r a t a  of t h a t  age range are n m  

under S t .  Lawrence I s l a n d .  The accumulation of s t r a t a  i n  the  b a s i n  may have 

brought  the  Paleozoic  and lower Mesozoic s t r a t a  to  thermal ma tu r i ty  dur ing  the 

Cenozoic. 

The magnitude of the  geothermal g r a d i e n t  i n  t h e  b a s i n  i s  ano the r  unknown, 

bes ides  the amount and w e  of o rgan ic  ma t t e r ,  i n  t h e  s e a r c h  f o r  source  r o d s  

tha t  have expel led  hydrocarbons. The only  e s t ima tes  o f  the  g r a d i e n t  a r e  from 

uncorrected borehole  tempera tures  from t he  Nulato, ~ a p a t u k ,  and Cape Espenberg 

w e l l s  ( f i g .  1). These w e l l s  a r e  i n  d i f f e r e n t  geologic  provinces than Norton 

Basin,  y e t  the  tempera tures  i n  the w e l l s  m a y  y i e l d  a minimum r e g i o n a l  va lue  f o r  

the  geothermal g r a d i e n t  tha t  can be appl ied  t o  the  bas in .  A minimum value f o r  

t h e  geothermal g r a d i e n t  results because uncorrected borehole tempera tures  a r e  

usua l ly  lower than the true temperatures. Further, the e x t e n s i o n a l  t e c t o n i c s  

that formed the basin may have caused c r u s t a l  a t t e n u a t i o n  beneath t h e  b a s i n  and 

volcanism--the a t t e n u a t i o n  and the volcanism probably inc rease  the  geothermal 

g r a d i e n t  i n  the b a s i n  over  t h e  g r a d i e n t  t ha t  e x i s t s  o u t s i d e  t h e  a r e a  o f  exten- 

sion. Rifted b a s i n s  i n  o t h e r  a reas  of the world g e n e r a l l y  have h i g h  geothermal 

g rad ien t s .  The geothermal g r a d i e n t s  c a l c u l a t e d  from uncorrec ted  borehole temper- 

atures i n  the t h r e e  w e l l s  a re :  (1) Nulato, 1 7 . 2 O  C/km;  ( 2 )  Napatuk, 23,B0 C/km; 

and ( 3 )  Cape Espenberg, 2 8 - 4 "  C/km- These values a r e  nea r  the  world average 

thermal g rad ien t  of 25O C f k m ,  and f a l l  within the  average range o f  the g r a d i e n t s  

in sedimentary b a s i n s  of 1 5  t o  50" CF;m ( T i s s o t  and W e l t e ,  19781. The g r a d i e n t  

i n  the bas in  is p robab ly  average ( 2 5 O  C / k m ) ,  o r  higher. Tisso t  and Welte (1978, 

p. 282) s t a t e  that, s o u r c e  rocks m u s t  be  heated  t o  a t  l e a s t  50 t o  70' C b e f o r e  



hydrocarbons are 2roduced i n  quantity. Also, most hydrocarbons a r e  found a t  

subsurface  temperatures i n  the  range of  60 t o  150" C (Louis  and T i s s o t ,  1967 ;  

Evans and S t a p l i n ,  1971; P h i l i p p i ,  1 9 7 5 ) .  Assuming a temperature of 0" C a t  the 

sea bottom and using the world average g r a d i e n t  ( 25 "  C/km) shows a temperature 

of 70' C w u l d  be presen t  a t  a depth  of about 3 km in t h e  basin. Paleoqene and 

older s t r a t a ,  t h e r e f o r e ,  could be at h i g h  enougn tempera tures ,  and could be o l d  

enough, t o  be sources fo r  petroleum. 

Xeservoir  

Table 3 shows values  of  porosity and p e r m e a b i l i t y  of outcrop s a m p l e s  from 

S t .  Lawrence Island and from the a r e a  around Unalakleet .  Core Labora to r i e s ,  

Inc. measured the values .  Tissot and Welte (1978, p. 317) show t h a t  f a i r  r e s e r -  

v o i r  rocks have p o r o s i t i e s  of 10 t o  15 p e r c e n t  and p e r m e a b i l i t i e s  of 1 t o  10  md. 

Using t h e s e  poros i ty  and permeabi l i ty  ranges t o  grade the  r e s e r v o i r  q u a l i t y  o f  

sandstone  samples from around Norton Sound shows the rocks sampled would make 

- 
poor r e s e r v o i r s .  

In Norton Basin t h e  q u a l i t y  of r e s e r v o i r  s t r a t a  o l d e r  than l a t e  Miocene 

may be dependent on the  provenance of t h e  r e s e r v o i r  s t r a t a - - t h e  provenance may 

determine the percentage of q u a r t z  i n  t h e  r e s e r v o i r s .  S ince  the  l a t e  Miocene 

the Yukon River has had an enormous dra inage  area (Nelson, Hopkins, and S c h o l l ,  

1974) t h a t  has suppl ied  q u a r t z  t o  Norton Basin,  as shown by modern Yukon s e d i -  

m n t  t h a t  contains an average of 25  p e r c e n t  q u a r t z  (VenkataRathnam, 1970) .  Before 

t h e  l a t e  Miocene, however, the proto-Yukon had a more r e s t r i c t e d  dra inage  a r e a  

(Nelson, Hopkins, and S c h o l l ,  1974)  , and may have received a l a r g e  p ropor t ion  

of sea iment  from Cretaceous s t r a t a  i n  the Yukon-Koyukuk province .  S t r a t a  i n  

the ~ r o v i n c e  t y p i c a l l y  conta in  only 8 p e r c e n t  quar t z .  Hence the r e s e r v o i r  

potential of middle Miocene and o l d e r  s t r a t a  i n  t h e  b a s i n  may be limited. 

Seismic da ta  show a delta of l a r g e  a r e a l  e x t e n t  i n  Norton a a s i n  t h a t  appears  



unsuccessful .  Though d r i l l i n g  r e s u l t s  have been d isappoint ing  in both  a r e a s ,  

d r i l l i n g  has been t o o  spa r se  t o  s t a t e  conclus ively  that no commercial hydrocar- 

bons occur i n  e i t h e r  area. 

Two explora tory  we l l s  were d r i l l e d  i n  Hope Basin a t  Cape Espenberg on t h e  

Seward Peninsula and a t  Nimiuk near the n o r t h e a s t  m a s t  of Kotzebue Sound (fig. 

1) . Nei ther  produced hydrocarbons i n  commercial q u a n t i t i e s .  

Exploratory d r i l l i n g  f o r  hydrocarbons i n  Anadyr Basin began i n  1966; the 

r e s u l t s  of the d r i l l i n g  are summarized by Meyerhoff (1972)  and by Agapitov and 

others (1973) .  Gas commonly occurs  i n  Neogene and o l d e r  s t r a t a ;  but a f t e r  a 

brief i n i t i a l  gush, the product ion  of gas i n v a r i a b l y  reduces t o  zero.  Though 

o i l  shows are common, t he  search  f o r  economic q u a n t i t i e s  o f  o i l  cont inues .  The 

o i l  shows occur i n  Neogene and o l d e r  s t r a t a ;  Agapitov and o t h e r s  ( 1 9 7 3 ) ,  however, 

cons ide r  s t r a t a  of Paleogene and Cretaceous age as the  most l i k e l y  h o s t  strata 

for petroleum depos i t s  because oil flowed from a f r a c t u r e d  Paleogene s i l t s t o n e ,  

and oil shows occur in Lower Cretaceous t u f f s .  

The source fo r  oil may be s t r a t a  of A l b i a n  through Maest r icht ian  and Eocene 

through Oligocene age. High v o l c a n i c l a s t i c  c o n t e n t  of Paleocene s t r a t a  reduces 

the source  p o t e n t i a l  of the  s t r a t a .  

HYDROCARBON RESOURCE ASSESSMENT 

The a r e a  considered for t h i s  assessment is bounded by l a t i t u d e s  63 '00 '  and 

64"45 '  N ,  and l ong i tudes  162"001 and 170°00' W. The assessed a r e a  i s  l a r g e r  

2 
than 40,000 km , and i nc ludes  t h e  p r o s p c t i v e  p o r t i o n s  o f  Norton Basin. The 

3 b a s i n  i n  the assessment a r e a  has a sediment volume estimated a t  about  60,000 km . 

The assessed a r e a  coincides  w i t h  L5e a r e a  used i n  a p r i o r  assessment by the  

Resource ~_a_araisal Group (RAG) , Branch of O i l  and Gas Resources, U . S .  Geologica l  

Survey. A review of  geo log ica l  and geophysica l  da ta  acquired a f t e r  t h e  p r i o r  RAG 

a s e s s r n e n t  indicated that t h e  pr ior  assessment was reasonable ,  and the  f i g u r e s  

are r e t a i n e d  for fhis r e p o r t .  
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t o  head a t  o r  near  the p r e s e n t  Yukon d e l t a ,  sugges t ing  a l a r g e  p o r t i o n  of  t h e  

p r e - l a t e  Miocene basin fill came from the Yukon. Sediment may a l s o  have been 

in t roduced from quar tzose  sources  on the  Seward Peninsula.  Accordingly, r e s e r -  

v o i r  q u a l i t y  may improve northward from t h e  Yukon d e l t a  i n  s t r a t a  o l d e r  than 

l a re  Miocene, The deepest p a r t  of the b a s i n ,  however, i s  ad jacen t  t o  the  mouth 

of the Yukon. Reservoi r  q u a l i t y  may l o c a l l y  improve because of s o r t i n g  o f  t h e  

quartz-poor sediment by the proto-Yukon River. 

Local sources  f o r  bas in  fill i nc lude  e ros ion  of high-standing f a u l t  b locks  

and volcanic activity a s s o c i a t e d  with the  rifting that formed Norton Basin.' If 

the f a u l t  blocks exposed metamorphic rocks l i k e  those  of t h e  Seward Peninsula ,  

l o c a l  quar tz- r ich  sandstones could occur along t h e  margins o f  the f a u l t  b locks .  

Another l o c a l  source  f o r  basin f i l l  i s  Paleogene vo lcan ic  a c t i v i t y  t h a t  may have 

reduced the  r e s e r v o i r  q u a l i t y  of Paleogene s t r a t a  by in t roduc ing  i n t o  t h e  b a s i n  

f i l l  chemically r e a c t i v e  m a t e r i a l ,  l i k e  vo lcan ic  ash and t u f f ,  t \ a t  l a t e r  turn 

t o  clay and t o  low-grade metamorphic minera l s ,  l i k e  z e o l i t e s ,  impair ing both 

p o r o s i t y  and permeabi l i ty .  Migrat ion of petroleum from Cretaceous o r  lower 

Paleogene s t r a t a  i n t o  s t r a t i g r a p h i c  o r  s t r u c t u r a l  t r a p s  i n  the grabens may be 

adverse ly  a f f e c t e d  i f  Paleogene s t r a t a  con ta in  a large v o l c a n i c l a s t i c  component, 

Trap 

Traps for petroleum i n  Norton Basin may be f au l t - a s soc ia ted  o r  s t r a t i g r a p h i c .  

The f au l t - a s soc ia ted  t r a p s  may be the  most economically important t r a p s  i n  the 

b a s i n ,  e s p e c i a l l y  t h o s e  t r a p s  developed i n  and on the margins of h o r s t s .  I f  t h e  

h o r s t s  contain source and reservoir s t r a t a  and are enclosed i n  impermeable strata 

petroleum may be contained wi th in  t h e  h o r s t s .  Such t r a p s  a r e  impor tant  t o  t h e  

hydrocarbon resources of the North Sea Basin (Williams, Conner, and Pe te r son ,  

1973; Watson and Swanson, 1975) and of oL&er r i f t e d  b a s i n s .  Determining t h e  

age and c h a r a c t e r i s t i c s  o f  rocks wi'hin t h e  h o r s t s  is ,  thus ,  a c r u c i a l  problem-- 



TABLE 3 POROSITY AND PEFXEABILITY DATA 

Sample Porosity P e r m e a b i l i t y  
Number Aye (percent) (Md) 

St. Lawrence I s l a d  

6 9 ~  Pa 097 Tert iary 
7 1 ~  Pa 202 Tert iary 
66A Pa 216 Tert iary 
71.4 ~a 190  enn no-~riassic 

Unalakleet and Yukon-~oyukuk Areas 

78A F i  004 Cretaceous 
78A F i  005 Cretaceous 
78A F i  008 Cretaceous 

78A Fi O l l ~  Cretaceous 
7 8 ~  Fi O l l ~  Cretaceous 
78A F i  012B Cretaceous 

7 8 ~  Fi 0 1 2 ~  Cretaceous 
78A Fi 013A Cretaceous 
78A F i  015B Cretaceous 

7 8 ~  Fi 0 1 5 E  Cretaceous 
78A F i  016B Cretaceous 
7 8 ~  Fi 017 Cretaceous 

7 8 A  Fi 02013 Cretaceous 
78A ~i 020C Cretaceous 
(2 -2 -78  Cretaceous 

GP-6-78 Cretaceous 
GP-10-78 Cretaceous 
GP-14-78 Cretaceous 

GP-16-78 Cretaceous 
GP-18-78 Cretaceous 
GP-24-78 Cretaceous 

GP-27-78 Cretaceous 
GP-29-78 Cretaceous 
GP-30-78 Cretaceous 

GP-31-78 Cretaceous 
GP-32-78 Cretaceous 



i f  the  rocks are e q u i v a l e n t  t o  t h e  metamorphic rocks of  t h e  Seward Peninsula ,  

hydrocarbons cannot be contained within t h e  h o r s t s ;  a l t e r n a t i v e l y ,  i f  a t h i c k  

s e c t i o n  of pre-Late Cretaceous s t r a t a  o v e r l i e s  the metamorphic basement i n  the  

h o r s t s  , hydrocarbons could be t rapped w i t h i n  t h e  horsts . 
Another type of t r a p  t h a t  may be assoc ia ted  w i t h  h o r s t s  forms where r e se r -  

voir beds i n  a graben t e rmina te  at, o r  l a p  on to ,  one o f  the f a u l t  p lanes  t h a t  

bounds a h o r s t .  Th i s  type of t r a p  contains most of the r e s e r v e s  i n  the S i r t e  

Basin of Libya, where beach sand l a p s  onto the flanks of ho r s t s  and form reser- 

v o i r s  (Roberts ,  1970; Sanford,  1970) . The p o t e n t i a l  f o r  s i m i l a r  t r a p s  i n  Norton 

Basin depends on the presence  of wel l -sor ted  sandstones de r ived  f r o m  t h e  f a u l t  

blocks as descr ibed i n  the previous  s e c t i o n .  Growth of  normal f a u l t s  may impose 

s t r u c t u r a l  c losure  on these  traps, and may r e s u l t  i n  a rching of s t r a t a  that over- 

lie hors  ts , forming a n t i c l i n a l  t r a p s ,  

S t r a t i g r a p h i c  t r a p s  may form where s t r a t a  i n  the b a s i n  p inch  o u t  a g a i n s t  

the basement. Addi t ional  s t r a t i g r a p h i c  traps may be a t  unconformit ies ,  e s p e c i a l l y  

a t  the base  of the  d e l t a i c  s t r a t a  where the unconformity could be o v e r l a i n  by 

f ine-grained bo ttornse t: beds o r  overhank depos i t s  . Channe 1 sands tone  i n  abandoned 

d e l t a  lobes may a l s o  form s t r a t i g r a p h i c  traps. 

The b a s i n  appears t o  have p o t e n t i a l  f o r  numerous unconnected hydrocarbon 

accumulations because migra t ion  p a t h s  are broken by f a u l t s  and by h o r s t s .  The 

p o t e n t i a l  fo r  numerous accumulations does n o t  m e  an the  accumulations need b e  

s m a l l ,  they could be of economic importance, b u t  e x p l o i t a t i o n  o f  t he  resources  

i s  Likely to be more expensive and more d i f f i c u l t  than i f  all hydrocarbons were 

concentra ted  i n  a few a r e a s .  

Resul ts  of Explora tory  D r i l l i n g  i n  Neighboring Basins 

Onshore explora tory  w e l l s  i n  two bas ins  near  Norton Basin--in the Hope 

Basin n o r t h  of the Seward Pen insu la ,  and i n  .knadyr Basin i n  Siberia--were 



The hydrocarbon-resource appraisal  involved use of a series of geologic and 

volume t r i c - y i e l d  analogical procedures t h a t  provide a suite of o i l -  and gas-yield 

values- The Cook I n l e t  and U i n t a  basins were used as geologic analogs to  Norton 

Basin i n  the appra isa l  procedure. 

A coinprehensive review w a s  made of geologic data f o r  the Norton Basin by 

RAG, which then made a resource appra i sa l  by a subjective probability technique 

as follows: 

1. A low estimate w a s  made, corresponding t o  a 95 percent  

p robabi l i ty  that there  i s  a t  l e a s t  t h a t  amount of con- 

t a ined  o i l  and gas. 

2. A high estimate was made, corresponding t o  a 5 percent  

p robabi l i ty  t h a t  t he r e  i s  a t  l eas t  t h a t  amount of con- 

tained oil and gas. ' 

3. A modal estimate was  made, which i s  associated with the  

highest  p robabi l i ty  that  there  w i l l  be t h a t  amount. 

4. A s t a t i s t i c a l  mean w a s  calculated by adding t h e  l o w ,  

high, and modal values and dividing the sum by three.  

The subject ive judgments  of RAG are  assessments of t h e  quan t i t i e s  of hydro- 

carbons l i ke ly  at the 5 and 95 percent p robabi l i ty  levels. These assessments 

w e r e  made t o  account f o r  a t  least 90 percent of the probable undiscovered, recov- 

erable oil and gas resources i n  the province. 

A computer was employed t o  f i t  a lognormal d i s t r i b u t i o n  t o  the low, high, 

and modal values of the RAG assessments t o  compute the probab i l i t y  distribution 

for presence of o i l  and gas i n  Norton Basin. 

Norton Basin is  a frontier area i n  regard t o  petroleum explorat ion;  t h e  

RAG, therefore ,  assigned marginal probab i l i t i e s  t o  the e v e n t  that c o m m e r c i a l  

o i l  o r  gas might be found. The marginal p robab i l i t i e s  were applied t o  the  sub- 
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Figure 7. Lognormal d i s t r i b u t i o n  curves showinp probabi l i ty  va lues  for remv- 
erable o i l  and n a t u r a l  gas in Norton 3asin. 
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j e c t i v e  c=dgrnents of  the resources  t o  determine t h e  f i n a l  p r o b a b i l i t y  distribu- 

t i o n  of  kzdrocarbon resources .  The marginal  p r o b a b i l i t y  appl ied  t o  oil w a s  40 

percent ~ l d  t h a t  app l i ed  t o  g a s  was 60 percent .  

The lognormal-dis t r ibut ion  curves, with marginal p r o b a b i l i t i e s  app l i ed  

(fig. 7) , s h o w  e s t ima tes  of  undiscovered recoverable  o i l  and gas. The e s t i m a t e s  

a r e  : 

95% 5 % S t a t i s t i c a l  
Probabi li ty - P r o b a b i l i t y  Me an 

O I L  ( ~ i l l % o n  of barrels) 0 2.2 0 - 5 4  

GAS (Tr i lL ion  of  cubic f e e t )  0 2.8 0.85 

Organic geochemical d a t a  from s t r a t a  exposed around Norton Basin became 

available a f t e r  the resource  assessment was made. Taken t o g e t h e r ,  geochemical 

and geophysica l  data sugges t  strata i n  t h e  basin may be gas-prone; hence, the 

basin may produce more gas t h a n  o i l .  Accordingly, some of t h e  assessed o i l  quan- 

tities might b e t t e r  b e  considered a s  gas-equivalents .  

ENVIRONMENTAL GEOLOGY 

The d a t a  base  f o r  this eva lua t ion  of  possible geoenvironmental hazards 

p r e s e n t  i n  the nor the rn  Bering Sea inc ludes  (1) t h r e e  c r u i s e s  sponsored by OCSEAP 

(Outer  c o n t i n e n t a l  She l f  Environmental Assessment P r o j e c t )  covering 9,000 km of 

t r a c k l i n e  (Nelson and o t h e r s ,  1978b; Thor and Nelson, 1978, i n  press) ; ( 2 )  1977 

and 1978 OCSEAP Annual Reports of t h e  Norton Basin geoenvironmental hazards proj- 

e c t  (Nelson, 1977, 1978) and ( 3 )  OCSEAP Annual Reports from i n v e s t i g a t o r s  s tudying 

a s s o c i a t e d  environmental problems ( B i s w a s  and o t h e r s ,  1977 ; Cacchione and Drake, 

1977, 1978; Cline and Holmes, 1977;  ~upr6, 1977, 1978; Sa l l enger  and o t h e r s ,  

1978) .  A summary b ib l iography  of Norton Basin environmental geo log ic  r e s e a r c h  

is  given i n  Nelson (19781, Figure 8 s h w s  a sununary of cruise t r a c k l i n e s  run 

f o r  environmental geo log ic  r e sea rch  by the  USGS i n  norL5ern Bering Sea. The 



c k = ~  base f o r  this environmental assessment inc ludes  geophysical  d a t a  c o l l e c t e d  

a l c z g  the t r a c k l i n e s  shown i n  f i g u r e  8 as w e l l  as over 1,000 grab samples, 400 

box cores ,  and 60 v ib racores ,  c o l l e c t e d  f o r  sediment a n a l y s i s  by the  USGS; and 

hur,Ereds of camera, hydrographic,  and c u r r e n t  meter s t a t i o n s  occupied over t h e  

pass decade by USGS and NO- v e s s e l s .  The d a t a  show a number of geo log ic  hazards  

thzt may pose problems ir l  the d e v e l o p e n t  of hydrocarbon resources.  B a t h y m e t r y  

and geographic s e t t i n g  of  t h e  norL&ern Bering Sea are shown i n  f i g u r e  9. 

Tectonic  I n s t a b i l i t y  

Surface and near-surface  f a u l t s  a r e  prominent along the e n t i r e  n o r t h e m  

margin of Norton Basin,  b u t  Holocene f a u l t  a c t i v i t y  i s  d i f f i c u l t  t o  determine 

because  s t rong  current scour  may Se prese rv ing  o r  exhuming old  s c a r p s  (Johnson 

and Homes, 1978) . Surface  and near-surface  f a u l t s  are r a r e  i n  wes t -cen t ra l  

Norton Basin and become more common along t h e  southwest margin, p a r t i c u l a r l y  

in L5e strait e a s t  of  St, Lawrence I s l and .  Determination of r ecen t  earthquake 

activity depends mainly on completion of s e i s m i c i t y  s t u d i e s  ; Norton Basin,  how- 

ever,  is s e i s m i c a l l y  more a c t i v e  than prev ious ly  thought (Biswas and o t h e r s ,  

1977,  p. 304) . F a u l t s  and s e a  f l o o r  s c a r p  r e l i e f  i n  Norton Basin a r e  shown i n  

f i g u r e  10, 

Sediment I n s t a b i l i t y  

P o t e n t i a l l y  uns tab le  near-bottom sediment results from gas seepage i n  a  

l o c a l  a r e a  40 km south of Nome and from a wide region of b iogenic  gas charging 

i n  nor th -cen t ra l  Norton Sound. The presence  of t h e  gas seep south of N o m e  

sugges ts  a  p o s s i b l e  hazard for d r i l l i n g  a c t i v i t y  i n  this area. m y  man-made 

s t r u c t u r e s  that penetrate L\e gas accumulation may provide direct avenues f o r  

uncontro l led  gas migra t ion  t o  the sea f l o o r .  Such s t r u c t u r e s  a l s o  may encounter  

reduced bear ing  c a p a c i q  i n  t h e  gas-charged s u b s t r a t e .  Figure 11 shows t h e  

l o c a t i o n  of t h e  thennogenic gas-charged sediment and seep.  



F i g u r e  8. Coverage o f  g e o p h y s i c a l  studies conducted in n o r t h e r n  B e r i n g  Sea 
(modified f rom Joi lnson and ilolrnes, 1978) . 







Small ( 3  to 8 m i n  dimeter) , shallow ( l e s s  than 0.5 m deep) , c i r c u l a r  

craters observed on sonographs over a l a rge  area of nor th-cent ra l  ~ o r t 0 n  Sound 

appear  t o  be caused by a c t i v e  gas venting (Nelson and o t h e r s ,  1978e, i n  p r e s s )  

The c r a t e r s  a r e  a s soc ia ted  wi th  near-surface p e a t  l a y e r s ,  gas-r ich sediment,  

and a c o u s t i c  anomalies observed i n  h iqh-resolut ion  se i smic - re f l ec t ion  p r o f i l e s .  

Nea-su r face  peaty-mud l a y e r s  from 1 t o  2 m below t h e  s e a  f l o o r  have been vibra- 

cored throughout t h e  nor thern  Bering Sea. These pea ty  muds are n o m a r i n e ,  pre-  

Holocene depos i t s  w i t h  high amounts ( 3  t o  7 w t  pe rcen t )  of organic  carbon. Bio- 

genic methane gas forms from the bur ied  o rgan ic  debris. B o t h  a c o u s t i c  anomalies 

and gas c r a t e r s  occur  only where freshwater  mud i s  now covered by a r e l a t i v e l y  

t h i n  (1 t o  2 m) l a y e r  of Holocene mud. Cra te r s  a r e  l ack ing  where Holocene mud 

i s  t h i c k  near  t h e  Yukon d e l t a  o r  where t h e  mud grades  into sand north of S t .  

Lawrence I s l and .  The a r e a l  extent of the gas c r a t e r  f i e l d  and isopachs of Holocene 

mud are shown on f i g u r e  11. 

I n  calm weather  cond i t ions ,  t he  near-surface  gas  may be trapped by t h i n  

modern muds. Apparently the gas escapes and forms c r a t e r s  during p e r i o d i c  

storms t h a t  cause r a p i d  changes i n  pore water  p r e s s u r e s  because o f  s e a  l e v e l  

r i s e ,  s e i c h e s ,  stom waves, and unloading of sediment. The unloading i s  due t o  

sediment resuspension and erosion of covering muds. Gas vent ing  and sediment 

depress ions ,  o f t e n  formed dur ing  peak storm p e r i o d s ,  may have been a s s o c i a t e d  

wi th  p i p e l i n e  breaks i n  the oil-producing reg ions  of t h e  North Sea and t h e  ~ u l f  

of Mexico. The near-surface gas-charged sediment and pea ty  mud also may possess  

reduced bear ing  strength f o r  some o f f shore  platfo-rms. 

The f ine-gra ined sand and coarse-grained silt which form the  s u b s t r a t e  of 

Norton Sound are high ly  s u s c e p t i b l e  t o  Liquefact ion  due t o  wave o r  s e i s m i c a l l y -  

induced c y c l i c  loading (Clukey and o t h e r s ,  w r i t t e n  commun., 1978) . Normal y e a r l y  

storm waves propagating through the f u l l  fetch o f  a e r i n g  Sea i n t e r s e c t  t h e  s h a l -  



- 
low Yukoz z r o a e l t a  a r e a  and appear t o  be capable of  inducing s u f f i c i e n t  load ing  

to lique?: Norton Sound sediment t o  a depth of  1 t o  2 m. Liquefact ion of  sedi- 

ment t o  +Inis depth may con t r ibu te  t o  formation of smal l  l o c a l  slumps and gas 

c r a t e r s .  The s t a b i l i t y  of underwater p i p e l i n e s  and t h e  bear ing  capaci ty  f o r  man- 

made structures on the  bottom could be seriously impaired i f  the top f e w  meters  

of the swstrate were t o  l i q u e f y  during major s torms.  

Erosion and h p o s  i t i o n  Hazards 

Ice scour ing  of bottom sediment i s  p r e s e n t  throughout the  nor theas tern  

Bering Sea beyond the s h o r e f a s t  i c e  zone where water  depths  are l e s s  than 20 m; 

s m u r i n g ,  however, also has been noted  i n  wa te r  depths up t o  30 m a t  s c a t t e r e d  

l o c a t i o n s  (Thor and o t h e r s ,  1978, i n  press) . Ice-gouge furrows cut i n t o  bottom 

sediment t o  a m a x i m u m  depth of 1 m and occur i n  m o s t  a r e a s  as s o l i t a r y  gouges. 

P ressure - r idge  raking of the sea bottom is most common around the  s h o a l s  o f  t h e  

Yukon delta because a well-developed ice-shear  zone i s  p r e s e n t  t h e r e .  Most o f  

Norton Sound is a f f e c t e d  t o  some degree by i c e  gouging a s  are t he  margins and 

the areas of shoa l  sand ridges i n  the northwestern Bering Sea. Gouge distribu- 

t i o n  and d e n s i t y  and s h o r e f a s t  i c e  limits a r e  shown i n  f i g u r e  1 2 .  

Much of the  gouging i n  Norton Sound i s  probably caused by p r e s s u r e  r i d g e s  

formed a long  s h e a r  zones a s  pa& i c e  moves past the s t a t i o n a r y  s h o r e f a s t  i c e .  

The combination o f  Yukon p r o d e l t a  s h o a l s  and i c e  convergence o f f shore  from t h e  

d e l t a  accounts f o r  the h igh  dens i ty  of gouging i n  this area. Because i c e  goug- 

ing i s  a pervas ive  scour ing  aqen t ,  any bottom f a c i l i t i e s ,  such  as cables  o r  

p i p e l i n e s ,  should be buried below t h e  Eep th  of p o t e n t i a l  gouge p e n e t r a t i o n s .  

The base of any man-made s t r u c t u r e s  on the s e a  f l o o r  should be  p r o t e c t e d  from 

ice kee l s .  

In e r t a i n  areas of  i n t e n s e  i c e  gouging and s t r o n g  bottom currents, l a r g e  

s c o u r  depressions axe a s s o c i a t e d  w i t h  the gouge furrows. A s e r i e s  of l a r g e  



Ficj u r e  1 2 .  D i s  t r i b u t i o n  and  d e n s i t y  of ice  r jouginq , movement d i r ec t io r~s  of 
pack ice,  a n d  l i - m i t s  of s h o r e f a s t  i c e  i n  norfiherr l  B e r i n g  S e a  

(modi f i ed  from Nelson and C r e a g e r ,  1 9 7 7 ) .  



., 
(25  t o  150 m i n  diameter),  irregularly shaped, shallow (less than 1 m deep) 

i e p r e s s i o n s  i n  Yukon-derived silty mud occurs  along the  southwestern margin of 

the Yukon ~ r o d e l t a  a r e a  and on t h e  flanks of am extens ive ,  shal low trough i n  

north-central Norton Sound ( L a s e n  and o t h e r s ,  1978, i n  p r e s s ) .  The depres- 

s i o n s  usua l ly  are assoc ia ted  with i nc reased  bottom s teepness  and regions  of high 

bottom-current speeds.  Some of the nor the rn  depressions a r e  near  s e a f l o o r  

scarps of unknown o r i g i n ;  t h o s e  w e s t  of the prodelta f r o n t  are d e f i n i t e l y  asso- 

ciated with ice-gouge furrows. I n  regions  where c u r r e n t  speed i s  inc reased  

because of  c o n s t r i c t i o n  of wa te r  f l o w  along flanks of t roughs ,  s h o a l s ,  o r  pro- 

delta fronts, any further local topographic  d i s rup t ion  of c u r r e n t  flow by slump 

sca rps  or ice-gouge furrows appears t o  i n i t i a t e  scour of t h e  Yukon River-derived 

sediment to  form l a r g e ,  shallow depress ions .  The d i s t r i b u t i o n  of scour  depres- 

s ions ,  shown i n  f i g u r e  13 ,  shows where a r t i f i c i d l  s t r u c t u r e s  t h a t  d i s r u p t  cur- 

r e n t  flaw may cause extensive e ros ion  of Yukon mud and p o t e n t i a l l y  hazardous 

undercutting of the structure. 

Buried s t r u c t u r e s  may be s u b j e c t  t o  scour  because n a t u r a l l y  occurr ing  i c e  

gouges may be g r e a t l y  broadened and deepened by cur ren t s  s u f f i c i e n t l y  s t rong  t o  

expose the buried s t r u c t u r e s .  Full assessment of t h i s  geo log ic  hazard r equ i res  

long- term c u r r e n t  monitoring i n  s p e c i f i c  scour  regions t o  p r e d i c t  cuxrent  in tens -  

i t y  and p e r i o d i c i t y ,  e s p e c i a l l y  dur ing  major storms when combined storm t i d e  and 

wave c u r r e n t s  may be s e v e r a l  times greater than normal c u r r e n t s .  Short-term cur- 

r e n t  monitoring has  shown fa i r -weather  c u r r e n t s  up t o  30 un/s and s torm-re la ted  

currents up t o  70 un/s (Cacchione and Drake, 1978)  . 
Swong storm-wave-induced currents t r a n s p ~ r t  ex te r s ive  sand sheets o u t  

onto the Yukon prodelta. Fine-grained sand, apparent ly  o r i g i n a t i n g  from sand 

bars o f f  the Yukon River d e l t a ,  i s  deposi ted  i n  well-sortled, clean sand be& 

up t o  75 km from the s h o r e l i n e  of the d e l t a .  Beds a re  5 cm t o  20 m thick 
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Figure 13. Location of s c o u r  d e p r e s s i o n s ,  e x t e n s i v e  scour and r ipple zones, 
and s t r o n g  bottom c u r r e n t s  i n  Norton Sound. Also shown i s  Ule 
area of s torn~ sand d e p o s i t i o n  (modified from L a r s c n  and others ,  
1978) . 



Figure 14.  Surnmary of measurements  of average d e b r i s  l i n e  e l e v a t i o n s  from 
the November, 1974, s t o r m  su rge  (Erom S a l l e n a g e r  and others, 
1978) . 



w i t h i n  30 km of the  s h o r e l i n e  and vary from 1 t o  5 cm thick and 30 t o  7 5  k m  

from the  shore l ine .  The widespread d i s t r i b u t i o n  of these  storm sand l a y e r s  

( f i g .  13) shows that s i g n i f i c a n t  q u a n t i t i e s  of sand a r e  t r anspor ted  across  t h e  

Yukon p rode l  t a  dur ing  s t o m  ; some man-made s t r u c t u r e s ,  t h e r e f o r e ,  could a c t  

as a dam and i n h i b i t  sediment movement. 

Where the sea  bottom i s  sandy, s t rong  bottom c u r r e n t s  r e s u l t  i n  migrat ing 

fields of mobile bedforms. Sand waves, 1 t o  2 m h igh  with wavelengths of 10 t o  

20 m o r  150 t o  200 m, and r i p p l e s  4 m high with 20 an wavelengths, occupy the  

cxests and some flanks of a series of large, linear sand r idges  ly ing  west  of 

the P o r t  Clarence a r e a  (Cacchione and o t h e r s ,  1977; F i e l d  and o t h e r s ,  1977; 

Nelson and o t h e r s  1977) .  I c e  gouges are found i n  varying s t a t e s  o f  preserva-  

t i o n  on s e v e r a l  r i d g e s ,  which i n d i c a t e s  a c t i v e  sand-wave modif ica t ion  and r e c e n t  

bedform movement. Survey t r a c k l i n e s  of 1976 were r e p l i c a t e d  i n  1977; l o c a l  

changes i n  bedform type and t r e n d  s u b s t a n t i a t e  t he  occurrence of recent  bedform 

a c t i v i t y .  Movement of smal l -sca le  sand waves and bedload t r a n s p o r t  occur during 

calm weather,  but maximum change of large-scale sand waves may take p l a c e  when 

n o r t h e r l y  c u r r e n t  f l o w  is  enhanced by sea l e v e l  r i s e  caused by major sou the r ly  

o r  southwester ly  storms. St rong north winds from the A r c t i c ,  however, reduce 

t h e  s t r e n g t h  o f  the continuous n o r t h e r l y  c u r r e n t s  near Bering Strait, reducing 

the  amount of bedload t r a n s p o r t  and a c t i v i t y  of mobile bedforms. 

Low p ressure  s tom winds from the south  t o  southwest  pose a major hazard 

to coastal development along the  Bering Sea s h o r e l i n e .  Beach d e b r i s  l i n e s  

nea r ly  5 m above mean s e a  l e v e l ,  and recess ion of tundra  b l u f f s  by as much a s  

45 m i n l a n d  occurred  during the November, 1974 storm su rge  ( S a l l e n g e r  and o t h e r s ,  

1978). Coastal development should be s e t  back away from t h e  s h o r e l i n e  t o  avoid 

flooding by storm surges and underrmining by c o a s t a l  e ros ion.  F igure  14 shows 

& h i s - l i n e  e l eva t ions  (above sea level) around Norton Sound due t o  the  November, 

1974  s torm s u r g e .  

3 4 
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Figure 15. Summary of p o t e n t i a l l y  hazardous r e g i o n s  in nor the rn  Bering Sea. 



P o r t  Clarence i s  t h e  only  natural harbor n o r t h  of the B r i s t o l  Bay a r e a ,  and 

its use as a f u t u r e  p o r t  i s  p o s s i b l e  if resource development takes p lace  i n  the 

northeastern B e r i n g  Sea. The long-term dynamics of t h e  l a r g e s t  mobile bedfom 

areas surrounding the ent rance  t o  Port Clarence must be def ined s o  that r e a l i s t i c  

recommendations can be made f o r  l o c a t i o n  and f o r  depth of b u r i a l  of p i p e l i n e s  and 

s e a f l o o r  s t r u c t u r e s .  D i s t r i b u t i o n  of b e d f o m  f i e l d s  throughout Norton   as in is 

shown on figure 9;  d e t a i l s  o f  the P o r t  Clarence sand wave f i e l d  are given i n  

Nelson and others (19 78a) . 
I n  summary, t h e  o f f shore  area near the  Yukon d e l t a  and  the a r e a  s o u t h e a s t  

of t h e  Bering S t r a i t s  have the most p o t e n t i a l l y  severe  combination of geo log ica l  

hazards.  Ice gouging, bottom-current s c o u r ,  and  storm-surge activity are all 

i n t e n s e  over  a wide region around the shallow Yukon p r o d e l t a .  Gas-charged sed i -  

ment and c r a t e r i n g  i n  s u r f i c i a l  sediment i s  p r e s e n t  i n  nor th -cen t ra l  Norton 

Sound. Fau l t ing  and c u r r e n t  a c t i v i t y  are most i n t e n s e  s o u t h e a s t  of  t h e  Bering 

S t x a i t s .  Figure 15 summarizes the d i s t r i b u t i o n  of p o t e n t i a l l y ,  geo log ica l ly  

hazardous regions .  

TECHNOLOGY AND MANPOWER 

The type of d r i l l i n g  equipment that may be used i n  the sa le  area v a r i e s  

according t o  water  depth. I n  shal low ( 0  t o  15 m) water ,  g rave l  o r  sandbag 

i s l a n d s  may be cons t ruc ted  w i t h  o r  wi thou t  cass ions .  I n  very shallow w a r e s ,  

however, u s e  of sunken d r i l l i n g  barges  is a l s o  p o s s i b l e .  In a reas  beneath 

water  of medium (15 t o  30 rn) depth ,  explora tory  jack-up r i g s  will probably be 

used. And i n  water of moderate (30  t o  50 m l  depth, semisubmersible p la t forms 

o r  d r i l l s h i p s  nay be used. The water-depth l i m i t s  p laced  on the use of various 

trypes of e q u i p e n t  are only approximate. Production f a c i l i t i e s  may be built on 

a r t i f i c i a l  i s l a n 6 s  i n  shallow-water a r e a s ,  and on s t ee l - tower  platforms i n  medium- 

and moderate-depth areas. Shallow water is  present i n  19 percent of the  s a l e  



b 

area; neaium water-depth is i n  52  pe rcen t ;  moderate water-depth i s  i n  29 per- 

cen t .  

If commercial q u a n t i t i e s  o f  o i l  o r  ga s  a r e  d iscovered i n  the  s a l e  a r e a ,  the  

hydrocarbons w i l l  most l i k e l y  be t r anspor ted  t o  a t e rmina l  and dock a t  Nome by 

undersea p i p e l i n e s .  Due t o  the presence of win te r  i c e  throughout the  nor the rn  

Bering Sea, tankers  t h a t  t r a n s p o r t  the hydrocarbon t o  sou the rn  market a r e a s  must 

be s t r eng thened  a g a i n s t  damage by i c e ,  and the  t ankers  may need t h e  a s s i s t a n c e  

of i c e  b reakers .  If commercial quantities of qas are discovered,  the  gas may 

be d e l i v e r e d  t o  market a r e a s  e i t h e r  by tanker o r  by a gas p i p e l i n e  t h a t  fo l lows 

the Yukon River va l l ey  t o  Fai rbanks;  t h e r e  t o  connect w i t h  the  planned Northwest 

Gas pipe l i n e .  

As an aid to planning the socio-economic impact caused by the e x t r a c t i o n  

o f  hydrocarbon resources ,  three s t a t i s t i c a l  analyses  were made of the p o s s i b l e  

i n t e n s i t y  o f  oil-field development. The three analyses a r e  based on d i f f e r e n t  

assumea q u a n t i t i e s  of  producible  hydrocarbons. The quan t i t i e s  a r e  as fol lows:  

Minimum Mean - Maximum 

OIL (mi l l ions  of barrels)  3 80 1400 2600 

GAS ( t r i l l i o n s  of cubic  f e e t )  1200 2300 3200 

These q u a n t i t i e s  a r e  der ived from the resource e s t i m a t e s ,  shawn i n  f i g u r e  7 and 

i n  the  table on page 29, by removing the  marginal p r o b a b i l i t i e s  t h a t  were a p p l i e d  

because Norton Basin i s  a f r o n t i e r  a rea .  Tables 4 through 6 s h o w  the s t a t i s t i c a l l y -  

probable development of o i l  f i e l d s  t h a t  could occur  f o r  each of the  three assumed 

quantities of producible hydrocarbons. 

The c u r r e n t  popula t ion  o f  towns and v i l l a g e s  w i t h i n  80 ?un of t h e  c o a s t l i n e  

around t he  s a l e  a r e a  i s  about  7,000. The popula t ion  is  concentra ted  i n  Nome 

(.2,5002 , i n  Unalaklee t  (400 t o  5001 , and i n  G a b e l  and Savoonga on S t .  Lawrence 

Island (each have 300 to 400) .  Zach of t h e  o t h e r  v i l l a g e s  has 250 persons  o r  

l e s s .  

3 6 
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OUTLINE OF THE SALE AREA 

The proposed o u t l i n e  of the s a l e  a rea  fol lows t h e  United Sta tes-Russ ia  

Convention Line s o u t h  from the l a t i t u d e  of Little niomeue Island i n  Bering Strait 

t o  the 63' N p a r a l l e l  of l a t i t u d e .  The o u t l i n e  extends eastward along that par- 

a l l e l  ta the Yukon d e l t a ,  and then along t h e  c o a s t l i n e  that r i m s  Norton Sound a d  

nor the rn  a e r i n g  Sea t o  Cape Prince  of Wales i n  the ~ e r i n g  S t r a i t ;  thence t o  

Little Diomede I s l and .  A r e a s  eas t  of 1 6 2 O  W long i tude ,  nor th  of 6S0 N l a t i t u d e  

and west of 170" W longi tude  have low hydrocarbon p o t e n t i a l  because o f  the shallow 

( g e n e r a l l y  l e s s  than 1 km) depth of b u r i a l  of rocks i n  which we have measured 

high r e f r a c t i o n - v e l o c i t i e s  (between 5.0 and 6.5 km/s) . These a r e a  should be 

d e l e t e d  from the s a l e  a rea .  Figure 16 shows the proposed and recommended s a l e  

area o u t l i n e s .  



Figure 16. Proposed and recommended sa le  o u t l i n e s .  
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