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INTRODUCTION 

The recent  d iscovery of major o i l  resources  on Alaska's North Slope 

has  rekindled i n t e r e s t  i n  the  petroleum p o s s i b i l i t i e s  of t h e  Yukon-Koyukuk 

province, a v a s t  t r a c t  of Cretaceous rocks s t r e t c h i n g  a long the  west coas t  

of Alaska from t h e  Brooks Range t o  t h e  Yukon d e l t a .  A t t en t ion  was f i r s t  

focused on t h i s  region i n  the  e a r l y  19501s,  a f t e r  o i l  and gas  were 

discovered i n  t h e  Cretaceous of t he  North Slope by the  U.S. Navy. The 

presence of s i m i l a r  Cretaceous s t r a t a  i n  t h e  Yukon-Koyukuk province and 

t h e  p o s s i b i l i t y  t h a t  some of t h e  broad a l l u v i a t e d  lowlands wi thin  t h e  

province might b e  under la in  by Te r t i a ry  bas ins  were pointed out by Gryc 

and ~ t h e r s  (1951) and Payne (1955). Between 1954 and 1961 l a r g e  p a r t s  of 

the  province were reconnoitered by o i l  company s u r f a c e  p a r t i e s  and a mall 

amount of geophysical  work was ca r r i ed  ou t  i n  t h e  Nulato-Kateel and Bethel 

a reas .  The exp lo ra t iona l  a c t i v i t y  culminated i n  1960-61 wi th  the  d r i l l i n g  

of two deep t e s t s ,  a 12,000-foot hole  near Nulato on the  Yukon River and a 

15,000-foot ho le  a t  Napatuk Creek i n  the  Yukon-Kuskokwim Caasta l  Lowland. 

Apparently n e i t h e r  t e s t  revealed o i l  shows or  favorable  r e se rvo i r  rocks ,  

a s  exp lo ra t ion  and l eas ing  a c t i v i t y  i n  t h e  province decl ined sharply  

the rea f t e r .  

Since 1954 t h e  U.S. Geological Survey has  maintained a modest but 

continuing program of reconnaissance geologic mapping of the  province and 

i t s  borderlands.  Nearly a l l  p a r t s  of t h i s  v a s t  a r e a  have been v i s i t e d  
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e i t h e r  by he l i cop te r  o r  r i v e r  boat .  Although information i n  many p laces  

is  s t i l l  sketchy,  t h e  broad o u t l i n e s  of t he  su r face  geology a r e  now knoun. 

Subsurface d a t a ,  however, a r e  almost t o t a l l y  lacking.  

The mapping i n d i c a t e s  t h a t  t h e  petroleum p o s s i b i l i t i e s  over most of 

the province a r e  l imi t ed  because of complex s t r u c t u r e  and s c a r c i t y  of 

promising r e se rvo i r  rocks.  Two a r e a s  where f u r t h e r  exp lo ra t ion  seems 

warranted a r e  t h e  Yukon-Kuskohim Coasta l  Lowland and the  western  p a r t  of 

t he  Kobuk-Selawik Lowland. 

REGIONAL SETTING 

The Yukon-Koyukuk province is  a broad b e l t  of Cretaceous rocks 

flanked on t h e  west, nor th ,  and southeas t  by a metamorphic and vo lcan ic  

complex of pre-Cretaceous age ( f i g .  1 ) .  I t  covers nea r ly  100,000 square  

m i l e s ,  more than one-sixth t h e  t o t a l  land a rea  of Alaska, and is equa l  i n  

s i z e  t o  the  S t a t e  of Wyoming. Ear ly  workers (Payne, 1955; Mi l l e r  and 

o t h e r s ,  1959) envisaged the  province  a s  a s i n g l e  l a r g e  sedimentary b a s i n  

o r  "geosyncline" comparable t o  t h e  C o l v i l l e  bas in  of t he  North Slope. 

However, subsequent mapping suggests  t h a t  it i s  more accura t e ly  descr ibed 

a s  a h ighly  mobile volcanogenic b e l t .  A t  l e a s t  half  of t h e  rocks i n  the  

province  a r e  volcanic  and p lu ton ic  r a t h e r  than sedimentary. Furthermore, 

t h e  province does  not  appear t o  have been a s i n g l e  l a r g e  sedimentary bas in  

du r ing  Cretaceous t ime b u t  was divided i n t o  smaller shor t - l ived t roughs  

separa ted by t e c t o n i c a l l y  and vo lcan fca l ly  a c t i v e  highs.  The bulk  of t h e  

sedimentary depos i t s  i n  t h e  province  a r e  composed of f i r s t -  and second- 

c y c l e  vo lcan ic  d e b r i s  der ived from these  highs and from o lde r  vo lcan ic  

t e r r a n e s  i n  t h e  borderlands.  

STRATIGRAPHY 

Pre-Cretaceous Rocks 

The pre-Cretaceous rocks t h a t  border t h e  province a r e  c h i e f l y  

metasedimentary rocks of Paleozoic age and mafic volcanic  and i n t r u s i v e  

rocks of probable Late T r i a s s i c  o r  J u r a s s i c  age .  The metasedimentary 

rocks include p e l i t i c  s c h i s t ,  qua r t z i t e .  and p a r t i a l l y  r e c r y s t a l l i z e d  

l imestone and dolomite. Scat tered f o s s i l  c o l l e c t i o n s  from t h e  carbonate 

rocks i n d i c a t e  t h a t  t hese  a r e  mainly Paleozoic  i n  age,  although i n  a few 

places  they probably include rocks as young a s  T r i a s s i c  and a s  o ld  a s  

Precambrian. The mafic volcanic  and i n t r u s i v e  rocks  which o v e r l i e  and 

in t rude  the  me tasedben ta ry  rocks comprise a t y p i c a l  o p h i o l i t e  sequence 

of p i l l ow b a s a l t ,  d iabase ,  gabbro, and s e r p e n t i n i t e .  

Cretaceous Rocks 

Marine a n d e s i t i c  volcanic  rocks 

The lower p a r t  of t he  Cretaceous sequence i n  the  Yukon-Koyukuk province 

is a t h i c k  assemblage of marine a n d e s i t i c  volcanic  rocks t h a t  includes  

t u f f s ,  b recc ia s ,  and flows with l o c a l  i n t e r c a l a t i o n s  of volcanic  graywacke 

and impure f o s s i l i f e r o u s  l imestone. This vo lcan ic  assemblage i s  widely 

exposed a long t h e  "Hogatza t rend,"  a broad s t r u c t u r a l  high t h a t  extends 

ac ross  t h e  province from Kotzebue Sound t o  the  Koyukuk River v a l l e y .  I t  

a l s o  crops  out on the  lower Yukon River, south of t he  Kaltag f a u l t ,  and i t  

appears t o  unde r l i e  l a r g e  p a r t s  of t he  Koyukuk F l a t s  (Z ie t z  and o t h e r s ,  

1959) and Kobuk-Selawik Lowland (Pat ton and M i l l e r ,  1968).  The t o t a l  

th ickness  of t h i s  volcanic  assemblage is  not  known, a s  the  complete sequence 

has  not  been found anywhere i n  the  province.  At l e a s t  5,000 f e e t  is  exposed 

along the  Koyukuk River below Hughes, but t h e  t o t a l  th ickness  of t he  

assemblage may be  seve ra l  times t h i s .  
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The bulk of t h e  vo lcan ic  rocks can be dated a s  e a r l i e s t  Cretaceous 

(Neocomian) on t h e  b a s i s  of t h e  widespread occurrence of Buchia and seve ra l  

K-Ar d a t e s  (Pat ton and M i l l e r ,  1956; Pa t ton ,  1967). Some v o l c a n i c l a s t i c  

rocks included i n  t h i s  assemblage may be  mid-Cretaceous, a s  they  appear t o  

i n t e r f i n g e r  with vo lcan ic  graywackes t h a t  conta in  Albfan f o s s i l s  

Sedimentary rocks 

Graywacke and mudstone--In the  nor thern  and western p a r t  of t h e  

province the  a n d e s i t i c  vo lcan ic  rocks a r e  ove r l a in  by marine graywacke and 

mudstone of l a t e  Ear ly  Cretaceous age. These grayuacke and mudstone 

d e p o s i t s  comprise nea r ly  a l l  of t h e  Cretaceous sedimentary sequence i n  t h e  

Kobuk and upper Koyukuk dra inages  and along t h e  west s i d e  of t he  province 

from t h e  Seward Peninsula  sou th  t o  the  Yukon-Kuskokwim Coasral  Lowland 

( f i g .  1 ) .  Typical ly  they form t h i c k ,  monotonously uniform, rhythmical ly  

interbedded success ions  wi th  c h a r a c t e r i s t i c  t u r b i d i t e  f e a t u r e s  such a s  

graded beds ,  small-scale crossbedding, and s o l e  markings. Favorable 

r e se rvo i r  beds a r e  lacking owing t o  t h e i r  poor s o r t i n g  and "poured-in" 

nature .  Rapid l a t e r a l  v a r i a t i o n s  i n  th ickness  and f a c i e s ,  absence of 

d i agnos t i c  hor izon markers,  and s c a r c i t y  of f o s s i l s  preclude d e t a i l e d  

s t r a t i g r a p h i c  analyses  and formal c l a s s i f i c a t i o n  of t h e s e  s t r a t a  over  most 

of t h e  province. However, two g ross ly  d i f f e r e n t  f a c i e s  can be  mapped 

l o c a l l y :  1) vo lcan ic  graywacke and mudstone composed c h i e f l y  of f i r s t -  and 

second-cycle vo lcan ic  d e b r i s  der ived from volcanic  highs w i t h i n  t h e  province 

and from pre-Cretaceous vo lcan ic  rocks i n  the  borderlands (Pa t ton  and 

Mi l l e r ,  1966), and 2)  ca lcareous  graywacke and mudstone which, bes ides  

volcanic  d e b r i s ,  con ta in  a s  much a s  50 percent d e t r i t a l  carbonate  der ived 

from Paleozoic l imestone and dolomite t e r r a n e  i n  the  border lands  (Pat ton,  

1967). Also included i n  this-graywacke and mudstone assemblage is a 

l o c a l l y  mappable sequence of laumont i t ized t u f f s  and tuffaceous  graywacke 

which is  exposed i n  a narrow b e l t  t h a t  extends from t h e  l a t i t u d e  of t h e  

Seward Peninsula  southwestward t o  Nunivak I s l and  (Hoare and o the r s .  1964).  

These s t r a t a  appear to  be a t  l e a s t  i n  p a r t  nonmarine, and on Nunivak I s l and  

they con ta in  abundant p lant  f o s s i l s .  

The t o t a l  th ickness  of these  graywacke and mudstone depos i t s  is 

es t imated t o  be  on the  order of 10,000 f e e t  along t h e  lower Kobuk River 

and probably a s  much a s  20,000 f e e t  i n  t h e  bas in  between Norton Sound and 

t h e  Yukon River (Gates and o t h e r s ,  1968).  

Sca t t e red  f o s s i l  co l l ec t ions  suggest t h a t  t h e  graywacke and mudstone 

assemblage is  l a r g e l y ,  i f  not e n t i r e l y ,  of Albian age (Pat ton and Mi l l e r ,  

1966, 1968).  

Shallow marine and nomarine  deposits--The graywacke and mudstone 

assemblage is ove r l a in  by and i n  p a r t  l a t e r a l l y  g rada t iona l  with shallow 

marine and nonmarine p a r a l i c  depos i t s  including sandstone,  sha le ,  

conglomerate, and coal .  These depos i t s ,  with an  aggregate  th ickness  of a t  

l e a s t  10,000 f e e t ,  occur i n  a broad band along t h e  eas t e rn  s i d e  of t he  

province from the  l a t i t u d e  of t h e  Koyukuk F l a t s  southward t o  the  Yukon- 

Kuskokwim Coasta l  Lowland. They a l s o  crop out i n  a narrow b e l t  along t h e  

nor thern  and nor theas tern  perimeter of t h e  province ( f i g .  1 ) .  I n  p laces  

these  rocks r e s t  unconformably upon the  Cretaceous a n d e s i t i c  volcanic  

rocks ,  and along the  northern and e a s t e r n  margin they l a p  onto the  pre- 

Cretaceous metasedimentary and vo lcan ic  rocks.  

I n  general ,  these  p a r a l i c  depos i t s  a r e  b e t t e r  so r t ed  and conta in  a 

l a r g e r  f r a c t i o n  of r e s i s t a n t  rock and mineral d e t r i t u s  than the  underlying 



graywacke and mudstone. Washed, crossbedded, s t r a n d l i n e  sandstones,  which 

a r e  developed l o c a l l y  i n  t h e  zone of i n t e r f i n g e r i n g  marine and nonrnarine 

beds, appear t o  be  t h e  only  p o t e n t i a l  r e se rvo i r  beds i n  t h e  e n t i r e  

Cretaceous sedimentary sequence. 

Abundant marine mollusks and well-preserved p lan t  f o s s i l s  d a t e  these  

p a r a l i c  d e p o s i t s  a s  l a t e  Ea r ly  (Albian) and e a r l y  Late  Cretaceous.  

Cretaceous and T e r t i a r y  

Fe l s i c  volcanic  rocks 

Moderately deformed f lows,  t u f f s ,  and hypabyssal i n t r u s i v e s ,  c h i e f l y  

of f e l s i c  composition, a r e  widely d i s t r i b u t e d  i n  the  e a s t e r n  p a r t  of t he  

province.  These vo lcan ic  rocks ,  which have been dated by K-Ar methods a s  

Late Cretaceous and e a r l y  T e r t i a r y ,  o v e r l i e  and pervas ively  in t rude  the  

Cretaceous sedimentary and a n d e s i t i c  volcanic  rocks.  Their  widespread 

presence i n  t h e  sedimentary sec t ion  appears t o  seve re ly  l i m i t  t h e  

p o s s i b i l i t y  t h a t  o i l  w i l l  be found i n  t h e  eas t e rn  p a r t  of t he  province.  

T e r t i a r y ( ? )  and Quaternary Rocks 

Basal t  

Fla t - ly ing flows of o l i v i n e  b a s a l t  of Quaternary and probable l a t e  

T e r t i a r y  age cover broad a r e a s  of t he  Cretaceous s t r a t a  a long the  western 

s i d e  of t he  province from t h e  Kobuk-Selawik Lowlands southward t o  Nunivak 

Is land.  These b a s a l t  flows were extruded over a t e r r a i n  of moderate r e l i e f  

and l o c a l l y  a r e  a s  much as 500 f e e t  t h i c k .  

STRUCTURE 

The s t r u c t u r e  of t he  Cretaceous rocks over most of t h e  province is 

exceedingly complex. Tight t o  i s o c l i n a l  fo lds  with d i p s  a s  s t e e p  a s  90' 

a r e  t h e  r u l e .  Small f a u l t s  a r e  observable i n  near ly  every  exposure, and 

t h r e e  s e t s  of major f a u l t s  t rending nor th ,  no r theas t ,  and northwest have 

been mapped throughout the  province (Bickel  and Pat ton,  1957; Pa t ton ,  
d 

1967; Hoare and Condon, 1966). A major s t r i k e - s l i p  f a u l t ,  t h e  Kal tag  

f a u l t ,  with poss ibly  as much as 40 t o  80 miles  of r i g h t - l a t e r a l  o f f s e t ,  

t r a n s e c t s  t he  province between Unalakleet and Tanana (Pat ton and Hoare, 

Although most of t he  Cretaceous rocks i n  the  province a r e  complexly 

deformed, broad open f o l d s  have been mapped i n  t h r e e  places:  1 )  west of 

t he  lower Koyukuk River i n  t h e  Kateel  River quadrangle (Pat ton,  1966),  

2) i n  the  Lockwood and Aogatza H i l l s  of t he  west-central  Hughes quadrangle 

(Pat ton and M i l l e r ,  1966), and 3) i n  t h e  Waring H i l l s  of  t h e  Selawik 

quadrangle (Pat ton and Mil ler ,  1968).  Even i n  these  a r e a s ,  howwer, t he  

l a r g e  f o l d s  a r e  l o c a l l y  complicated by small-scale fo lds  and f a u l t s .  

PETROLEUM POSSIBILITIES 

The reconnaissance mapping suggests  t h a t  petroleum prospects  a r e  

gene ra l ly  unfavorable over most of t he  Yukon-Koyukuk province, owing t o  

s t r u c t u r a l  complexity, s c a r c i t y  of p o t e n t i a l  r e s e r v o i r  beds, and the  

widespread occurrence of volcanic  and i n t r u s i v e  rocks.  P o s s i b i l i t i e s  f o r  

f ind ing  favorable  sandstone r e se rvo i r  rock seem t o  be  confined t o  the  

sequence o f  in t e r f inge r ing  marine and nonmarine p a r a l i c  depos i t s  i n  t h e  

upper p a r t  of t he  Cretaceous sedimentary sec t ion .  These p a r a l i c  d e p o s i t s  

have been mapped over an a rea  of approximately 13,000 square mi l e s .  

However, i n  5,000 square mi les  of t h i s  a long t h e  eas t e rn  margin of t h e  

province  t h e  petroleum p o s s i b i l i t i e s  of t hese  p a r a l i c  depos i t s  a r e  l i m i t e d  

by pervas ive  Late Cretaceous and e a r l y  T e r t i a r y  shallow i n t r u s i v e  and 

volcanic  rocks.  Thus, p o t e n t i a l  t a r g e t  a reas  f o r  explora t ion of these  

p a r a l i c  depos i t s  a r e  l imi t ed  t o  only about 8,000 square mi les .  This 



inc ludes  a b e l t  roughly  20 miles  wide and 300 miles  long extending from 

t h e  western  edge of t h e  Koyukuk F l a t s  southward t o  t h e  Yukon-Kuskokwim 

Lowland and a smal l  a r e a  roughly 20 miles  wide by 80 miles  long on t h e  

middle reaches  of t h e  Kobuk River.  Exploration of these  t a r g e t  a r e a s  

undoubtedly w i l l  be  d i r e c t e d  towards f inding l o c a l  occurrences of washed 

s t r a n d l i n e  sandstones i n  a favorable  s t r u c t u r a l  s e t t i n g .  

Lowland Areas 

Nearly a t h i r d  of t h e  Yukon-Koyukuk province is made up of c o a s t a l  

and i n t e r i o r  lowlands which a r e  covered by a t h i c k  blanket  of Quaternary 

silts. Payne (1955) and Mi l l e r  and o the r s  (1959) suggested t h a t  t hese  

lowlands may r e p r e s e n t  Cenozoic s t r u c t u r a l  bas ins  unde r l a in  by only  mildly 

deformed T e r t i a r y  s t r a t a .  The following assessment is  based upon sca t t e red  

aeromagnetic p r o f i l e s  across  the lowlands and recent  reconnaissance bedrock 

mapping around t h e  margins. 

Kobuk- Selawik Lowland 

On t h e  b a s i s  of su r face  mapping and aeromagnetic surveys ,  i t  appears 

u n l i k e l y  t h a t  any s i g n i f i c a n t  th ickness  of Cretaceous o r  T e r t i a r y  

sedimentary rocks is  present  beneath the  Quaternary s u r f i c i a l  depos i t s  i n  

t h e  e a s t e r n  p a r t  of t he  Kobuk-Selawik Lowland. I n t r u s i v e  and volcanic  

rocks crop out near  t h e  south  edge of Selawik Lake, and aeromagnetic 

p r o f i l e s  along t h e  no r th  s i d e  show s teep-gradient  large-amplitude 

anomalies which suggest  t h a t  igneous rocks occur a t  shallow depth  

(Andreasen, 1960; Dempsey and o t h e r s ,  1 9 5 7 ~ ) .  Aeromagnetic p r o f i l e s  over 

the  Kobuk River d e l t a  i n  t h e  western p a r t  of t he  lowland a r e  r e l a t i v e l y  

smooth and f r e e  o f  marked magnetic anomalies (Mil ler  and Anderson, 1969). 

This probably r e f l e c t s  t he  presence of a t h i c k  wedge of Quaternary f i l l  

beneath the  d e l t a .  However, t he  p o s s i b i l i t y  t h a t  t h e  d e l t a  and adjoining 

p a r t s  of Kotzebue Sound may a l s o  be  under la in  by Cretaceous and T e r t i a r y  

sedimentary rocks cannot be r u l e d  ou t .  Recent marine geophysical 

i nves t iga t ions  suggest t h a t  a s  much a s  3 km of moderately deformed s t r a t a  

of Cenozoic and poss ibly  Late Cretaceous age unde r l i e s  l a r g e  p a r t s  of t h e  

Chukchi Sea and Kotzebue Sound (Arthur Grantz and o t h e r s ,  o r a l  commun., 

1970). 

Yukon-Kuskokwim Coastal  Lowland 

Available d a t a  a r e  i n s u f f i c i e n t  f o r  a meaningful a p p r a i s a l  of t h e  

petroleum p o s s i b i l i t i e s  of t h e  Yukon-Kuskokwim Coasta l  Lowland. Th i s  v a s t  

a r e a  of near ly  30,000 square mi l e s ,  sometimes r e f e r r e d  t o  a s  t h e  Bethel  

"basin" (Mil ler  and o t h e r s ,  1959),  f s  mantled by a t h i c k  veneer of 

Quaternary alluvium and basa l t  f lows t h a t  a l l  but  completely masks t h e  

underlying bedrock. Scat tered exposures of Cretaceous sedimentary rock 

have been found on Nunivak and Nelson I s l ands  (Hoare and o t h e r s ,  1968) and 

near  Cape Romanzof (Hoare and Condon, 1966, 1968). About 15,000 f e e t  of 

gent ly  deformed Cretaceous and poss ib l e  Te r t i a ry  s t r a t a  r epor t ed ly  was 

penetra ted  i n  t h e  Napatuk wel l  near Bethel.  These occurrences and t h e  

presence of Cretaceous s t r a t a  along t h e  Yukon River suggest t h a t  l a r g e  

p a r t s  of t he  lowland probably a r e  under la in  by Cretaceous s t r a t a .  T e r t i a r y  

s t r a t a ,  i f  present ,  presumably a r e  confined t o  l o c a l  bas ins  o r  ernbayments. 

Innoko Lowlands 

No geophysical da t a  a r e  a v a i l a b l e  f o r  t he  Innoko Lowlands. However, 

t h e  presence of both Cretaceous and Ter t i a ry  volcanic  and i n t r u s i v e  rocks  

along t h e  edges of t h i s  narrow north-trending f l a t  makes it  an u n a t t r a c t i v e  

t a r g e t  fo r  explora t ion.  



Koyukuk F l a t s  

Airborne magnetic p r o f i l e s  ac ross  t h e  Koyukuk F l a t s  (Dempsey and 

o t h e r s ,  1957a, b; Zie tz  and o t h e r s ,  1959) show anomalies of l a r g e  amplitude 

and s t e e p  g rad ien t ,  i nd ica t ing  the  presence of h ighly  magnetic rocks a t  

shallow depths .  This is confirmed by su r face  mapping i n  and around t h e  

f l a t s ,  which i n d i c a t e s  t h a t  t h e  Quaternary a l l u v i a l  d e p o s i t s  a r e  unde r l a in  

c h i e f l y  by vo lcan ic  rocks .  There is  no evidence of a s u b s t a n t i a l  th ickness  

of T e r t i a r y  s t r a t a  beneath the  f l a t s  except a long t h e k a l t a g  f a u l t ,  where 

evidence of r ecen t  s inking (Pat ton and Hoare, 1968) and a g rav i ty  low 

(Barnes, 1969) suggest  t h e  presence of a narrow t r ench  f i l l e d  with Cenozoic 

depos i t s .  
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