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T: 1 S . ,  R .  44 W . ,  on thc  Kuk?owruk River ,  is a t  approximate lat 

69'20'  N . ,  long 162"30t  W. P o i n t  Sarrow, t h e  n e a r e s t  sizable town i s  

about  200 miles n o r t h e a s t .  P o i n t  Lay ,  a permanently i n h a b i t e d  communityj 

is  about, 28 miles north-northwes t on t h e  c o a s t  of  t h e  Chukchi Sea (fig. 1). 

. The township i s  unsurveyed. S e c t l s n  l i n e s  a re  p l o t t e d  according t o  official 

Bureau o f  Land lianagenent p r o  t r a c t  Lon diagrams.  

The totvnship i s  on t h e  boundary between t h e  n o r t h e r n  s e c t i o n  of t h e  

Arc t i c  F o o t h i l l s  and t h e  Arctic Co 1s t a l  P l a i n  phys iographic  p rov inces  

(Wahrhaftig, 1965).  The n o r t h e r n  and nor thwes te rn  p a r t  of t h e  township 

l i e s  i n  t h e  c o a s t a l  p l a i n  where t h e  r e l i a f  i s  less than  150 feet  and the  

drainage i s  v e r y  poor.  The area i s  covered by l a k e s ,  ponds,  and muskeg. 

The s u r f a c e  is c h a r a c t e r i z e d  by f r o s t  polygons and other permaf ros t  

f e a t u r e s .  Outcrops in the Coastal P l a i n  a r e  found o n l y  a long  t h e  banks 

of t h e  t h o  main r i v e r s ,  t h e  Kukpow~uk and t h e  Epizerka .  The s o u t h e r n  

part: of  t h e  township i s  i n  t h e  Arc t i c  F o o t h i l l s  P rov ince ;  i t  has a  r e l i e f  

of about 350 f e e t ,  w i t h  low broad r i d g e s  t h a t  r e f l e c t  t h e  distribution 

of  under ly ing  resistant rocks.  Outcrops are more common i n  t h e  f o o t h i l l s  
( '  

area t h a n  i n  t h e  c o a s t a l  p l a i n ,  but o n l y  those  along the r ive rbanks  are 
1 i n  p l a c e .  Outcrops i n  t h e  f o o t h i l l s  area c o n s i s t  o f l  rubb le  d e r i v e d  from 

u n d e r l y i n g  sands tone beds .  The r u b b l e  forms traces which a r e  conspicuous 

f e a t u x e s  on a e r i a l  photographs b u t  a r e  n o t  always r e l i a b l e  f o r  c o r r e l a t i o n .  

Previous I n v e s t i g a t i o n s  

The coal  d e p o s i t s  o f  t h e  Cape L i sburne  t o  Wainwright a r e a  a l o n g  t h e  

caas t  were known and e x p l o i t e d  by whalers  as e a r l y  as 1879 (Schrader ,  

1904, p .  109). F. C. Schrader  was t h e  f i r s t  g e o l o g i s t  t o  v i s i t  the g e n e r a l  

area i n  1901, and he briefly mentioned t h e  c o a l  exposed a long  t h e  coast .  

A geo log ic  r econna i s sance  of the Cape L i sburne  t o  Cape Beaufort  area was 

made by A .  J .  C o l l i e r  i n  1904, b u t  his work was r e s t r i c t e d  mainly t o  the  

coasta l  a r e a  ( C o l l i e r ,  1906).  Xn 1923, a f t e r  establishment o f  the Naval 

Petroleum Reserve No. 4,  W .  T. Foran began a reconnaissance e s p l o r a r i o n  

a t  Cape Beaufo r t  and t raveled up t h e  Kukpowruk River  f o r  35 m i l e s ,  





t raver is ing t h e  western p a r t  o f  T ,  1 S . ,  R. 44 W. His a c c o u n t  i s  t h e  f i r s t  

p u b l i s  bed d'escrip t i o n  o f  t h e  c o a l  beds exposed a l o n g  t h e  Kukpowruk River 

w i t h i n  t h e  township, i n c l u d i n g  a 20-foot  bed which accounts f o r  more than 

half  t h e  measured reserves i n  t h e  township (Pa ige  and o t h e r s ,  1925) .  

Toenges and Jo l l ey  (1947) examined c o a l  beds a l o n g  t h e  Kukpowruk R ive r  

f o r  poss ib le  l o c a l  use, and sampled the 20 - foo t  bed f o r  chemical analysis. 

During t h e  e x p l o r a t i o n  of Naval P e t r o l e u m  Reserve So. 4 ,  between 1947 and 

1953, t h e  major  r i v e r s  of  the region, i n c l u d i n g  t h e  Kukpowruk River ,  were 

traversed by boat, and g e o l o g i c  mapping was done w i t h i n  t h e  l i m i t s  of fooc  

t r a v e l  along the  rivers (Chapman and Sable, 1360). P l a n i m e t r i c  and 

geologic mapping was extended  i n t o  the a r e a s  away from t h e  rivers by means 

of a e r i a l  photographs .  (Topographic mapping a t  s c a l e s  of 1:63,360 and 

1:50,000 has since become a v a i l a b l e , )  A tunnel  was driven i n t o  the 20-foot 

bed by a M r .  Robbins acting f o r  the Norgan Coal Co. i n  the e a r l y  1950's. 

The tunnel i s  76 f e e t  long,  and i t  crosses the bedding  and angles toward 

the bottom of t h e  coal bed. A 23-foot  raise, which does n o t  r e a c h  t h e  

t o p  of t h e  bed,  is  a t  t h e  end of  t h e  t u n n e l .  A channel  sample of c o a l  

i: . r e p r e s e n t i n g  a true t h i c k n e s s  o f  23 feet 8% i n c h e s  was t a k e n  by Robbins  

i n  1954. The coal in the tunnel w a s  sampled a g a i n  i n  August and September 

1961 by Arthur W .  husck of t h e  Union Carbide and ore' Co. Hueck took s i x  

channel samples i n  t h e  raise r e p r e s e n t i n g  20 fee t  5 i n c h e s  of  coal. The 

U . S .  Bureau o f  Mines took seven samples f rom the  20-foot  bed i n  1962 and 

1963 f o r  coking  t e s t s  and also sampled a 4 .5 - foo t  bed approximate ly  423 

feet s t r a t i g r a p h i c a l l y  above t h e  2 0 - f o o t  bed (Warfield and o t h e r s ,  1966) .  

The Bureau  of  Mines d r i l l e d  four h o l e s  i n  1966 t o  o b t a i n  core samples of 

t h e  20- foot  bed a t  v a r i o u s  dep ths  t o  determine wherher t h e  c o k i n g  cha rac -  

teristics of the bed v a r y  w i t h  d e p t h  o r  d i s t a n c e  from t h e  o u t c r o p .  



1 Fieldwork 

The f i e l d  i n v e s t i g a t i o n s  f o r  T. 1 S . ,  R, 44 W . ,  i n  the Kukpowruk 

coal f i e l d  were mede during J u l y  and August 1966 and July 2nd August 1967. 

The ,field p a r t y  i n  1966 c o n s i s t e d  o f  A.  A. Wa~ek,  g e o l o g i s t ,  Cha r l e s  

McLaughlin, f i e l d  a s s i s t a n t ,  and Gordon HacDonald,  cook.  I n  1 9 6 7 ,  t h e  

field parry  c o n s i s t e d  of 3 .  E .  Callahan,  W. L.  Rohrer, E. S c h e l l ,  

A, A.  Vanek, and H. D ,  Z e l l e r ,  g e o l o g i s t s ,  and Ned Lewis, cook. Mapping 

was done principally on aerial photographs a t  a s c a l e  of 1:50,C00. The 

mapping was t r a n s f e r r e d  l a t e r  t o  t opograph ic  maps a t  s ca l e s  o f  1:63,360 

and 1:24 ,000.  

Access t o  t h e  township  is  by a i r p l a n e ,  h e l i c o p t e r ,  o r  t racked 

vehicle from the  Arct ic  c o a s t .  Satisfactory natural. airs trips for sumnler 

use  are l i n i t e d  t o  r i v e r  ba r s  and some r i d g e t o p s .  During h i g h  water the 

river bars a r e  covered,  b u t  f l o a t - e q u i p p e d  a i r c r a f t  can operate on t h e  

Kukpowruk River .  Surface t r a n s p o r t a t i o n  d u r i n g  tl,2 s u m e r  months is s low  

and difficult u s i n g  any t y p e  o f  equipment,  and t h e  movement o f  heavy 

equipment i s  more easily accomplished during t h e  winter. T r a n s p o r t a t i o n  

would be t h e  most s i g n i f i c a n t  problem i n  t h e  development o f  t h e  coa l  

r e s o u r c e s .  I 



GENERAL GEOLOGY 

i 

The township l i e s  i n  t h e  central p a r t  of the Utulcok-Corwin r e g i o n  

as d e f i n e d  by Chapman and S a b l e  (1960).  The r e g i o n  is c n d e r l a i n  by 

s e d i m e n t a r y  rocks r a n g i n g  i n  age from J u r a s s i c ( ? )  ~ h r o u g h  Upper Cre t aceous  

and by P l e i s t o c e n e  and Holocene s u r f i c i a f  d e p o s i t s .  Chapman and Sable 

d iv ided  t h e  r e g i o n  i n t o  two s t r u c t u r a l  p rov inces :  a western p rov ince  

c h a r a c t e r i z e d  by n o r t h w e s t - s t r i k i n g  t h r u s t  f a u l t s  and an eastern p rov ince  

c o n t a i n i n g  w e s t -  t o  nor thwes t -  t r e n d i n g  Eolds . The e a s t e r n  p rov ince  i s  

subd iv ided .  i n t o  two s t r u c t u r a l  belts, one i n  t h e  s o u t h e r n  f o ~ t h i l l s  phys i o -  

graphic s e c t i o n  and another i n  the  n o r t h e r n  f o o t h i l l s  section end t h e  

Arctic Coas ta l  P l a i a  p h y s i o g r a p h i c  province .  The s o u t h e r n  f o ~ t h i l l s  

section i s  more t i d h t l y  and complexly fo lded than t h e  n o r t h e r n  b e l t ,  The 

northern b e l t  i s  c h a r a c t e r i z e d  by broad s i m p l e  s y n c l i n e s  a3d b a s i n s  l y i n g  

bett~aeen more complex a n t i c l i n e s ,  some of which  are f a u l t e d  (Chapman and 

Sable, 1960 ,  p .  132-134). The axis of one of  the  s y n c l i n e s ,  the  Howard 

syacline (fig. 2 of  p l .  l), t r e n d s  approximate ly  through che center of 

T. 1 S., R. 44 W ,  
- 

t. . 
L ' 

Cre taceous  Rocks 
t 

Five Cre taceous  fo rma t ions  c r o p  o u t  i n  t h e  e a s t e r n  structural 

province.  These are t h e  F o r t r e s s  Mountain ,  Torok, and Kukpowruk Forma- 

tions of E a r l y  Cretaceous age, t h e  Corwin Formation o f  Early ( la te  Albian)  

t o  Late (early Cenomanian) Cre taceous  age ,  and t h e  P r i n c e  Creek Formation 

of Late Cre taceous  age. 

Fortress Xoantain Format ton  

The F o r t r e s s  Mountain 'ornation i s  exposed on ly  i n  t h e  southernmost  

part o f  the s o u t h e r n  foothills section 2nd nay be  absent a t  d e p t h  i n  t h e  

township .  Where exposed,  the fo rma t ion  c o n s i s t s  o f  i n t e rbedded  shale, 

clays tone, silts tone,  sands tone ,  and conglomera te ;  t h e  a r g i l l a c e o u s .  rocks 

make up 50-70 p e r c e n t  o f  t h e  fo rma t ion .  The t o t a l  th ickness  of  the for -  

ma t ion  i n  the Utukok-Corwin r e g i o n  i s  e s  t irnated a t  5,000 feet b u t  i t  may 



vary d u e  t o  fac ies  changes (Chapman and S i b l e ,  1960, p .  72) .  The c o n t a c t  
\ 

between t h e  Fortress >Iountain Formation arld t h e  o v e r l y i n g  Torok Formation 

i s  exposed i n  c o n t i n u o u s  o u t c r o p s  a long eke boundary between t h e  sou the rn  

and n o r t h e r n  f o o t h i l l s  b e l t  and i n  t h e  =:a1 zones of a number of a n t i -  

c l ines  i n  t h e  n o r t h e r n  f o o t h i l l s  s e c t i o n .  I t  is exposed on t h e  Kukpowruk 

R i v e r  i n  the  Archi~edes Ridge anticline about 5 miles southwest  of t h e  

southern boundary o f  t h e  township. It i s  a l s o  p r e s e n t  on t h e  Kokolik River 

i n  t h e  Snowbank a n t i c l i n e ,  which extends westward t o  c r o s s  t h e  Kukpowruk 

R ive r  about 1% miles  north of the township ' s  n o r t h  boundary; however, t h e  

f o r m a t i o n  does not c r o p  o u t  i n  the Snowbank a n t i c l i n e  a t  this p l a c e .  

Torok Format i o n  

The Torok Formation probably  u n d e r l i e s  t h e  township a t  dep ths  r ang ing  

from 3,000 t o  7,000 f e e t ,  It i s  made up dominantly of c l ay  shale, clay-  

s t o n e ,  and s i l t y  shale .  The rocks  i n c l u d e  10-15 percent siltstone and a 
( 

lesser amount o f  s ands tone ,  mainly i n  the middle and upper p a r t s  of  the  

formation,  The s h a l e  and c l a y s t o n e  are i n t e rbedded  and a re  mainly medium 

t o  dark gray, poor ly  t o  modera te ly  well i n d u r a t e d ,  and rnosr'ly noncalcareous ,  

I though some of t h e  rocks are moderately calcareous. 

s i l i s t o n a  i s  i n t e r b e d d e d  w i t h  sha l e  i n  beds from less than 6 inches  

t o  as  much as 2 feet t h i c k  and i n  se t s  o f  beds as much as 20 feet t h i c k .  

The rocks are l i g h t  to dark gray and yellowish gray, w e a t h e r i n g  to pale 

y e l l o w i s h  brown o r  o l i v e  gray. The siltstone i s  modera te ly  well t o  well 

i ndura t ed  and slightly c a l c a r e o u s  to nonca lca reous .  

The s a n d s t o n e  is s i m i l a r  i n  appearance  t o  the  s i l t s t o t l e ;  i t  i s  i n t e r -  

bedded 'wi th  s h a l e  i n  unirs r ang ing  i n  t h i c k n e s s  f rom a few inches  t o  15 f e e t .  

Sands tone  is more common i n  t h e  upper  p a r t  of t h e  fo rma t ion  and is  g e n e r a l l y  

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

Because o f  the r e l a t i v e l y  un i form composi t ion  and lack of  i n d u r a t i o n  

i n  t h e  Torok Formst ion ,  the lowland areas u n d e r l a i n  by the formation are 

g e n e r a l l y  featureless and have l i t t l e  relief. 



The t o t a l  t h i c k n e s s  of t h e  Torok ?ormation i s  no r  exposed at: any one 

place i n  t h e  Urukok-Corwin r e g i o n .  T h e  t o p  o f  t h e  fo rma t ion  i s  e x p o s e d i n  

t h e  a n t i c l i n e s  i n  the  nor ther i l  f o o t h i l l s ,  but the  lower p a r t  i s  esposed 

o n l y  i n  t h e  s o u t h e r n  p a r t  of  t h e  r e g i o n .  Chapman and S a b l e  (1960,  p .  76) 

e s t i m a t e d  an aggrega te  th i ckness  o f  about  6,000 f ee t  f o r  t h e  fo rma t ion  from 

the d i s c o n t i n u o u s  s e c t i o n s  exposed i n  t h e  re,: 01 on.  

I n  the c e n t r a l  par t  of  ~ o r t h e r n  Alaska ,  e a s t  of the Utukok-Conrin 

region, t h e  Toro!~ Foraation i s  o v e r l a i n  by a sequence of marine and non- 

mar ine  r x k s  t h a t  i s  n m e d  t h e  Nanushuk Group. The s t r a t a  i n  t h e  Xanushuk 

Group can-be t r a c e d  into t h e  Utukok-Corwin r e g i o n ,  b u t  t h e  d e t a i l e a  sub- 

d i v i s i o n s  a p p l i e d  t o  t h e s e  rocks  i n  the  e a s t  canno-r b e  used i n  t h e  wes te rn  

area, where on ly  two m i t s ,  t h e  mar ine  Kukpowruk Formation and t h e  non- 

mar ine  Corwin Formation,  can be d i s  t i ngu i shed  . 

Kukpowruk F o r a a t i o n  

The Kukpowruk Formation contains r e s i s t a n t  silts tone and sands tone  

beds t h a t  form most o f  t h e  ridges, mesas, and cues tas  of  t h e  n o r t h e r n  

f o o t h i l l s  s e c t i o n .  The ledges  formed by t h e  r e s i s t a n t  beds can  be traced 

on aerial photographs w i t h  appa ren t  c o n t i n u i t y  f o r  many miles, The ou t -  

c rops  ir t h e  upper  part o f  the  fo rma t ion  c o n t a i n  fewer r e s i s t a n t  beds and 

the  s l o p e s  a r e  more g e n t l e  than  i n  t he  ou tc rops  of  t h e  l o v e r  pa r t .  

The Kukpowruk Formation i s  n o t  exposed anywhere i n  T.  1 S. ,  R .  44 W., 

b u t  t h e  c o n t a c t  between i t  and t h e  o v e r l y i n g  Corwin F o r n a t i o n  can  be 

observed  on the Kukpowruk River  less than  one - four th  m i l e  s o u t h  of  t h e  

south boundary and a l s o  i n  t h e  township to  t h e  eas t .  The fo rma t ion  c rops  

out on t h e  r i v e r  i n  the  Snowbank a n t i c l i n e  .about 1:~ miles  no r thwes t  o f  t h e  

northwes t c o r n e r  o f  the township (Chapman and Sable, 1960, p l  . 8) . The 

fo rma t ion  u n d e r l i e s  t h e  township at dep ths  r a n g i n g  from 0 t o  about 4,600 

f e e t ,  t h e  maximum measured t h i c k n e s s  o f  t he  Conain Formarion ( f i g .  3 of  

pE. I) . The Kukpowruk Formation c o n s i s t s  dominantly of  s i l t y  s h a l e ,  

s i l t s t o n e ,  and sands tone .  Lesse r  amounts of c l a y s t o n e ,  clay s h a l e ,  conglom- 

eratic sands tone ,  conglomera te ,  and carbonaceous s h a l e  a re  p r e s e n t .  The 

rocks vary i n  character  and abundance,  both v e r t i c a l l y  and ho&onta l ly ,  



a n i  represent  d c p o s i r i o n  i n  a r a p i d l y  s i n k i n g  b u t  shallow goosyncl ine  c h a t  

had a c o n s t a n t l y  s h i f t i n g  s h o r e l i n e .  The rocks a r e  mostly of mar ine  ia- 

s h o r e  f a c i e s ,  but  some o f f s h o r e  Eacies and some nomar ine  rocks  (coastal 

f a c i e s )  a r e  i n  t h e  upper  par t .  The ' f o r n a t i o n  t h i n s  nor  t h e a s  tward Eron 

more than 5,000 fee t  t o  about 2,000 f e e t  with a co r re spond ing  decrease i n  

t h e  p r o p o r t i o n  of c o a r s e r  c l a s t i c  rocks .  The type  s e c t i o n  of the Kukpovruk 

Formation is  a l o n g  the  Kukpokrruk River about  3-5 miles south-soutbwes,  o f  

t h e  southwest c o r n e r  o f  the township. The base of  t he  Kukpowrd~ Formation 

is not  exposed in t h i s  s e c t i o n ,  which i s  abou t  2,865 feet thick' (Chapman 
.1 

and S a b l e ,  1960, p .  88). Another s e c t i o n  was measured a l o n g  t h e  Rukpot~ruk 

Rive r  l n  the s o u t h  l i m b  of t h e  Barabara s y n c l i n e  ( n o r t h  l i m b  o f  Snowbank 

anticline), abou t  2 miles nor thwes t  of t h e  no r thwes t  c o r n e r  o f  the town- 

s h i p  by E .  G .  S a b l e  (Chapman and Sable, 1960, p .  83 ) .  Here t h e  f o m a t i o n  

is  2,567 feet t h i c k  and t h e  bottom of t h e  format ion  is no; exposed.  This  

would indicate a t h i c k n e s s  of a t  least 2,500-3,000 f ee t  u n d e r l y i n g  the  

township. 

The upper 385 f e e t  o f  t h e  Kukpowruk Forna t ion  was measured a l o n g  the 

Kukpovrrulc" R i v e r  on t h e  s o u t h  l i m b  o f  t h e  Howard syncline by the f i e l d  

party i n  1967 .  The c o n t a c t  w i t h  the o v e r l y i n g  C o m i n  Formation is grada- 

t i o n a l  and t r a n s i t i o n e l ,  and t h e  s e c t i o n  measured ma; be  mos tiy w i t h i n  

the zone of t r a n s i t i o n .  The s e c t i o n  cons i s  ts of i n t e rbedded  f i ne -g ra ined  

s a n d s t o n e  and c l a y s  tone i n  approximate ly  equa l  p r o p o r t i o n s  ( f i g .  4 of  p l .  I ) ,  

The c o n t a c t  a r b i t r a r i l y  was chosen a t  t h e  base of a bed o f  s ands tone  56 

feet t h i c k ,  which i s  at the approximate p o s i t i o n  o f  t h e  contact as mapped 

by Chapman and S a b l e  (1960, pL. 8). The  56 - foo t  s ands tone  bed may b e  

e q u i v a l e n t  to  t h e  70- £00 t sands tone  bed o v e r l y i n g  t h e  Kukpowruk Formation 

a t  the t y p e  s e c t i o n  (Chapman 2nd S a b l e ,  1960, p .  88).  The sands  tone  u n i t s  

are g e n e r a l l y  t h i n  and i r r e g u l a r l y  bedded  and c o n t a i n  beds as much as . 
2.5 feet t h i c k .  The rock i s  medium t o  l i g h t  g r a y ,  cross-laminated and 

crossbedded,  and micaceous and c o n t a i n s  c e r b o n a c e ~ u s  laminae and carbon- 

i z e d  p l a n t  f ragments .  R i p p l e  marks, some with a wave l e n g t h  of  4 o r  5 

inches are presen t .  aeds o f  sands  tone comnonly c o n t a i n  t h i n  s i l t s  tone o r  

c l a y s t o n e  p a r t i n g s ;  some beds a re  c a l c a r e o u s .  The c l a y s t o n e  is  d a r k  gray 

t o  gray and commonly s i l t y  o r  s h a l y  a n d  i n  places is i n t e r b e d d e d  w i t h  black 

carbonaceous shale. 



Goruin Formation 
I 

The C o m i n  Bornat ion  i s  t h e  youngest  pre-Quaternary  f o r n a t i o n  under- 

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

township be long to  t h i s  format ion .  The C o r r ~ i n  i s  about  15,500 feet t h i c k  

at its t ype  section a t  Corwin Bluf f  a long  the Chukchi S e a ,  A t  t h a t  

l o c a l i t y ,  Chapman and Sab le  (1960, p .  105) r ecogn ized  seven members. No 

stratigraphic breaks  occur  between the  members, which were d e f i n e d  f o r  t h e  

purpose  of c o r r e l a t i o n  w i t h  o t h e r  s e c t i o n s  esposed i n  the Utukok-Corwin 

r e g i o n .  The members are, i n  descending  order, (1)  an upper sands tone  

4,141 f e e t  t h i c k ,  c o n s i s t i n g  of t h i c k  sands tone  beds in t e rbedded  w i t h  s h a l e  

' and s i l t s t o n e  and c o n t a i n i n g  s c a t t e r e d  coa l  beds a s  nuch as 2 feer; t h i c k ;  

(2) a b e n t o n i t i c  c l a y  2,767' f e e t  thick composed l a r g e l y  o f  i n t e rbedded  

s h a l e ,  s i l t s t o n e ,  and sands tone  and c o n t a i n i n g  many b e n t o n i t e  and benton-  

itic clay beds and coal beds as much a s  9 fee t  t h i c k ;  (3) a conglomera te  

u n i t  635 f e e t  thick, c o n s i s t i n g  o f  t h i c k  beds o f  cong lone ra t e  and sand- 

stone and l e s s e r  m o u n t s  o f  s i l t s  tone ,  s h a l e ,  and c o a l  beds as much as 

3 f e e t  thick; (4) a c o a l  and sands tone  sequence 1,407 feet  t h i c k  composed 

mainly of shale and sands tone  with s c a t t e r e d  massive sands tone  beds and . 

8 ,  many coal beds as much as 9 feet thick; ( 5 )  a sha le  1,238 f e e t  thick, 
I 

consisting mainly  of  clay s i i a l e  and clays tone  and minor amounts of  sand- 

s t o n e  and s i l t s t o n e  acd s c a t t e r e d  c o a l  beds as much a s  1 . 5  feet t h i c k ;  

( 6 )  a lower sands tone  2,685 f e e t  t h i c k ,  s i m i l a r  t o  t h e  u p p e r  s ands tone  

member and c o n t a i n i n g  some coal beds as much as 1.5 f e e t  t h i c k ;  and (7 )  

a silty s h a l e  2 ,621 feet thick, c o n t a i n i n g  dominantly s i l t y  shale and 

thin-bedded s i l t s t o n e  and a  few mass ive  sands tone  beds end t h i n  c o a l  beds 

(Chapman and S a b l e ,  1960, p . 105- 12 1)  . 
Rocks a t  t h e  t y p e  s e c t i o n  of t h e  Corwin Formzrion were cont inuous  

w i t h  those exposed i n l z n d  i n  t h e  Utukok-Corwin r e g i o n  p r i o r  t o  d e f o r -  

mat ion ,  acco rd ing  t o  Chapman and Sable (1960, p .  123). The fo rma t ion  

t h i n s  n o r t h  and east o f  t h e  t y p e  l o c a l i t y  due  t o  e i t h e r  a deepen ing  of 

t h e  d e p o s i t i o n a l  b a s i n  southwestward or t o  a h i a t u s  between d e p o s i t i o n  

of the Corwin Formation and the  o v e r l y i n g  P r i n c e  Creek Format ion  accorn- 

panicd by d i f f e r e n t i a l  e r o s i o n  o f  t h e  Corwin Formation.  Chapman and 



Sable see3 t o  f a v o r  the  f i r s t  c s p l a n a t i o n  because ci s i m i l a r  t h i n n i n g  

i n  the' Kulcpowruk F c r n a t i o n  and because o f  d i f f e r e n c e s  i n  t h i ckness  02 t h e  

C o n ~ i n  Formation between t h e  n o r t h  and south l i m b s  o f  s i n g l e  s y n c l i n e s .  

The format ion  was measured i n  d e t a i l  on ly  on t h e  south limb of the Howard 

s y n c l i n e ,  b u t  rough es t ima tes  based on a t t i t u d e s  and h o r i z o n t a l  d f s  tance  

seem t o  i n d i c a t e  t h a t  t h e  s e c t i o n  on t h e  n o r t h  l imb i s  s e v e r a l  hundred 

f e e t  t h i n n e r  than  t he  s e c t i o n s  on t h e  sou th  l imb.  Sowever, because large 

parts o f  the  f o r n a t i o n  are covered and evidence of  f a u l t i n g  i s  comnlon 

i n  the rocks exposed on b o t h  l i m b s  and i n  t h e  a x i a l  area of t h e  s y n c l i n e ,  

this d i f f e r e n c e  may be  exaggerated. 

A sequencL 4,632 f ect  t h i c k  i n  t h e  Corwin Formation vas  measured 

on the south limb o f  the  Howard s y n c l i n e ,  b u t  a large p a r t  of t h e  sequence 

is  covered  o r  pa r t i a l l ; .  covered.  Chapman and Sable (1960, p .  123) i n d i -  

c a t e d  that a c o r r e l a r i v e  of  t h e  silty sha l e  member o f  the  type  s e c t i o n  

com~rises t h e  lower 1,900-2,000 feet of t h e  f o ~ m a t i o n  exposed i n  t h e  

s y n c l i n e  and t h a t  t h i s  i s  o v e r l a i n  by a sandy, c o a l y ,  and bentonitic(?) 

sequence, They place the base of  t h e  c o a l y  s e c t i o n  a t  3,300 feet above 

the base  of t h e  f o r n a t i o n ,  which cor responds  t a  the  p o s i t i o n  o f  t h e  

20 - foo t  c o a l  bed i n  t h e  south l imb s e c t i o n  measured d u r i n g  t h i s  i n v e s t i -  

gat ion.  The base of the fo rma t ion  i s  p laced  a t  the Lase o f  t h e  56-foot  

sandstone bed d e s c r i b e d  above. The lower 1,800 feet of t h e  s e c t i o n  above 

this thick sands  tone c o n s i s t s  dominantly of  clays tone ,  s i l t y  c l a y s t o n e  

or  shale, and siltstone and c o n t a i n s  i n t e rbedded  v e r y  f i n e  grained t o  
3 

f i n e  grained sands tone  beds as  much as 30 f e e t  t h i c k .  The t h i c k n e s s  o f  

s a n d s t o n e  beds increzszs upward.  About 1 ,900 feet above t he  base o f  t h e  

fo rma t ion ,  t h e  sands  tone  b e d s  become .much t h i c k e r  and more mass ive ,  and 

there i s  a slight i n c r e a s e  i n  g r z i n  s i z e .  Thin c o a l  beds occur  i n  t h e  

lower 3,100 f e e t  of the format ion ,  the thickest c o a l  bed b e i n g  about  . 
1.5 f e e t .  The 20-foot  c o a l  bed i s  3,132 f e e t  above rhe base, and i t  i s  

' . ove r l a in  by about 1,500 f e e t  of  inrerbedded c l a y s t o n e ,  sands tone,  s i l t s t o n e ,  

and coal, i n  t h a t  o r d e r  of  abundance. Eight c o a l  beds  more than  2 f e e t  

t h i c k  occur  i n  t h e  upper part  o f  t h e  s e c t i o n  ( f i g .  3 of p l .  1) , I ronscone  

i n  l e n t i c u l a r  o r  irregular beds  and i n  nodules  o r  c o n c r e t i o n s  i s  p r e s e n t  



throughout t h e  formarion, scattered and in ?ayers. The i r o n s t o n e  i s  more 
i 

common i n  t h e  c o a l y  pa r t  o f  t h e  sequence. Conglomerate  o r  conglomeratic 

s a n d s t o n e  was observed  ' a t  o n l y  one l o c a l i r y  i n  T, 1 S., R .  44 IJ. Thin 

lenses of  conglornerar ic  s ands  tone  and scat tered pebb le s  o f  q u a r t z i t e  o r  

chert as much as 2 i n c h e s  i n  d i a m e t e r  occur i n  the  thick rnzssive c r o s s -  

bedded s a n d s t o n e  which i s  abou t  450 f e e t  above t h e  20- foot  c o a l  bed. 

Most of t h e  s a n d s t o n e  is  mediuii t o  l i gh t :  g r a y  w i t h  some b u f f  phases .  

The s a n d s t o n e  beds c o n t a i n  abundant  maf i c  m a t e r i a l s ,  which wea the r  ye l low,  

r e d d i s h  brown, and orang::. P l a n t  f ragments  and carbonaceous  lzminae  are 

common. R i p p l e  marks occu r  b u t  a r e  n o t  as common o r  a s  d i s t i n c t i v e  as 

i n  the Kukpowrulc Format ion .  Large-scale c r o s s b e d d i n g  and s m a l l - s c a l e  

c r o s s - l a m i n a t i o n s  a r e  c o m o n  i n  t h e  s a n d s t o n e  and s i l t s t o n e ,  The c l a y -  

stone and shale are m o s t l y  medium t o  d a r k  g ray ,  w i t h  some black carbon-  

aceous  s h a l e  a s s o c i a t e d  with t h e  coals. Yel lowish  and olive-gray c o l o r s  

a l s o  o c c u r  i n  t h e  a r g i l l a c e o u s  r o c k s ;  they  wea the r  t o  v a r i o u s  shades  o f  

yel low and orange.  Coaly m a t e r i a l ,  leaf i m p r i n t s ,  and p l a n t  f r agmen t s ,  

including t r e e  t r u n k s ,  are abundant  t h roughou t  t h e  fo rma t ion .  

Quaternary Deposi ts  

The Cre t aceous  rocks  i n  t h z  A r c t i c  C o a s t a l  P l a i n  Province o f  t h e  

r e g i o n  a r e  o v e r l a i n  d i s c o n f o r x a b l y  by g r a v e l ,  s a n d ,  and s i l t  o f  the  

Pleistocene Gubik F o r n a t i o n ,  which i s  1 2 r g e l y  mar ine ,  and by Holocene 

f l u v i a t i l e  d e p o s i t s  a l o n g  t h e  p r e s e n t  s t r eams  . No i d e n t i f i a b l e  exposu re s  , 

of t h e  Gubik Format ion  were obse rved  w i t h i n  t he  township,  b u t  t h e  f o m a -  

tion probab ly  u n d e r l i e s  p a r t s  o f  t h e  muskeg-covered a r e a  i n  t h e  n o r t h e r n  

part .  

Holocene and P l e i s t o c e n e  f l u v i a t i l e  d e p o s i t s  are p r e s e n t  i n  h i g h -  

level t e r r a c e s ,  i n  lower t e r r a c e s  formed by t h e  p r e s e n t  s t r e a m s ,  and i n  

t he  s t r e a m  f l o o d  p l a i n s .  The d e p o s i t s  c o n s i s t  o f  gravel,  s a n d ,  s i l t ,  

c l a y ,  and o r g a n i c  m a t t e r .  Much of t h e  g r a v e l  i n  t h e  h i g h e r  l e v e l  terraces 

i s  made up o f  rock  types  f o r e i g n  t o  t h e  fo rma t ions  u n d e r l y i n g  the township,  

i n c l u d i n g  v a r i c o l o r e d  c h e r t ,  i n t r u s i v e  and metamorphic rocks, and q u a r t z .  



Concqet lonary  i r o n s t i n e  d e r i v e d  f rom t h e  unde r ly ing  rocks is  also p r e s e n t .  
\ 

The h i g h - l e v e l  g rave ls  are t h i n  w i t h i n  t h e  township and are  mapped as p a r t  

of  t h e  colluvium t h a t  i n c l u d e s  rubb le  and f l o a t  d e r i v e d  f ron  t h e  u n d e r l i i n g  

bedrock. 

S t r u c t u r e  

The Howard s y n c l i n e  is  a s imp le ,  open f o l d  which p lunges  K O  t h e  vest .  

The s y n c l i n e  i s  symmetr ica l  w i t h i n  t h e  township. The axis of the  s y n c l i n e  

cannor  b e  r e a d i l y  d e f i n e d  because  t h e  beds a r e  g e n e r a l l y  f l a t  with smal l  

open f l e x u r e s  o v e r  a wide area near t h e  axis. The d i p  o f  t h e  bedding  

steepens a S r u p t l y  n e a r  t h e  s o u t h  and n o r t h  boundar ies  o f  t he  township, 

becoming a lmost  v e r t i c a l  near t h e  axis o f  t h e  Snowbank a n t i c l i n e  t o  t h e  

n o r t h  and as much as 40' near t h e  Kukpo~,:ruk-Corwin c o n t a c t  t o  t h e  south. 

S l i c k e n s i d e s  were observed  i n  massive sands tone  beds a t  s e v e r a l  

places along t h e  E~kpowruk River .  No c o n s i s  tent o r i e n t a t i o n  is  appa ren t  

i n  the  s l i c k e n s i d e s  o r  i n  the f r a c t u r e s  on.which they  occur. They are 

bel ieved t o  be  r e l a t e d  t o  l o c a l  s t r a i n  ad jus tmen t s  w i t h i n  the  i n d i v i d u a l  

beds due t o  f o l d i n g  rather t h a n  t o  large-scale fauEt$ng, 

Two large v e r t i c a l  t r a n s v e r s e  faults were mapped on t h e  s o u t h  limb 

of  t h e  s y n c l i n e .  One o f  them can  be observed  i n  t h e  l e f t  bank of t h e  

r i v e r  near t h e  c e n t e r  of  the  e a s t  l i n e  o f  sec. 2 9 ,  where. dark-gray t h i n -  

bedded s i l t s t o n e  and c l a y s t o n e  i s  i n  j a ~ t a p o s i t i o n  w i t h  mass ive  l i g h t -  
a 

gray  crossbedded s a n d s t a n e .  The east side i s  upthrown and has  a ver t :ca l  

d i sp l acemen t  o f  about  430 f e e t .  The o t h e r  f a u l t  t rends  no r th -no r thwes t ,  

crossing t h e  e a s t  l i n e  o f : s e c .  28 n e a r  its s o u t h  end. The h o r i z o n t a l  

d i sp l acemen t  is  about  1,750 f e e t .  The v e r t i c a l  d i sp l acemen t  is d i f f i c u l t  

to  d e t e r m i n e  because of  u n r e l i a b l e  d i p s ,  but i t  is e s t i m a t e d  to  b e  abouk 

300 f e e t .  D i r e c t  ev idence  o f  t h i s  fault i s  l a c k i n g  on t h e  ground and on 

a e r i a l  photographs ,  but i t s - p o s i t i o n  can reasonab ly  b e  i n f e r r e d  from t h e  

offset on t h e  c l i n k e r e d  zone which o v e r l i e s  the 20-foot  c o a l  bed .  The 

o f f s e t  in the coal bed itself was v e r i f i e d  by a d r i l l  h o l e  i n  sec,  27 .  



COAL 

Coal  occurs throughout  t h e  Corwin Formation, and ve ry  t h i n  beds and 

coaly zones a r e  p r e s e n t  i n  the  zone of  t r a n s i t i o n  from mar ine  t o  nonmarine 

r o c k s  i n  t h e  uppe r  par t  of  t h e  Kukpowruk Fornat ion.  Only t h r e e  coal b e t s  

more than 14 inches  t h i c k  occur  below t h e  20-foot  coal  bed, and the only  

beds of f o r e s e e a b i ~  economic s i g n i f i c a n c e  occur  above this c o a l  bed. 

Eight c o a l  beds more than 14 inches t h i c k  were meesured above t h e  20-foot  

bed on  the s o u t h  l imb of  t h e  Howard s y n c l i n e .  On the  n o r t h  l imb eFght beds 

were a l s o  measured, i n c l u d i n g  one which c rops  out j u s t  n o r t h  o f  t h e  town- 

s h i p  boundary and probably  u n d e r l i e s  t h e  no r thwes te rn  p a r t  of t h e  township. 

C o r r e l a t i o n  of  coal beds between the  flanks of t h e  s y n c l i n e  i n  a d i s t a n c e  

of 5 m i l e s  i s  a t  best: u n c e r t a i n  and has been a t tempted  f o r  only  one bed,  

the  uppermost exposed bed nea r  t h e  axis  of the s y n c l i n e .  

The c o a l  b e d s  c rop  o u t  on ly  a l o n g  t h e  Kukpowruk River; they  are pro-  

j ec ted  i n t o  t h s  uplands on t h e  b a s i s  of  c o a l y  r u b b l e  and on t h e  p r o j e c t i o n  

of r e s i s t a n t  sands tone beds  associa ted w i t h  t h e  c o a l .  

I n  s e c s .  2 7 ,  28, 2 9 ,  and 30, sands tone  and c l a y s t o n e  have been 

greatly altered by combustion of an unde r ly ing  c o a l  bed,  Some of  the 

rock  has been comple te ly  fused, forming c l i n k e r s .  The altered rock  
I 

weathers t o  various hues of red, r e d d i s h  o range ,  and ' reddish brown. it 

i s  c o n s i d e r a b l y  more r e s i s t a n t  t o  wea the r ing  and mechanical d i s i n t e g r a t i o n  

than the  u n a l t e r e d  rock  and forms t h e  c r e s t s  o f  s e v e r a l  hills i n  the area.  

Burning seems t o  have occurred on ly  i n  one  c o a l  bed, probably  the first 

bed above the 2D-foot c o a l  bed. 

The c o a l  beds a r e  des igna ted  from sou th  t o  n o r t h  as fo l lows :  t h e  

three beds l y i n g  below the  20-foot  bed are beds A, B ,  and C.  T h e  20-foot  

bed i s  No. 1, and t h e  remaining beds more than 14 inches t h i c k  are 

numbered sequeatially i n  o r d e r  of their o u t c r o p  p o s i t i o n  a l o n g  t h e  river 

( f i g s  . 2 ,  5 on p l .  1). A s  was noted above, on ly  one bed (So. 9 )  can be 

correlated, somewhat d o u b t f u l l y ,  across t h e  axis o f  the s y n c l i n e ,  so  the  

numbers a r e  n o t  in tended t o  i n d i c a t e  t h e  s t r a t i g r a p h i c  p o s i t i o n  of  t h e  

c o a l  beds. 



,770 po in t s  of  c o n t r o l  on the 20-foot  bed  (bed No. 1) have been 

es tab l i shed  away from the  river i n  c o r e  h o l e s  d r i l l e d  by t h e  U.S. Bureau 

of Mines and i n  a small diameter h o l e  d r i l l e d  d u r i n g  t h e  p resen t  -inves t i -  

gat ion.  

The Bureau of Mines d r i l l e d  four core  hcles .  (DH-2, 3, 4 ,  5 ,  f i g .  2 on 

p l .  I) in t h e  W4S\J$ s e t ,  29 in the  summer of 1966.  The h o l e s  were  a l i n e d  

approximate ly  normal t o  the  strike of t h e  b e d ,  spaced f rom 165 t o  about  

210 f e e t  a p a r t ,  and ranged i n  d e p t h  from 81 ts 212 fee t .  The purpose of  

t h e  d r i l l i n g  was t o  o b t a i n  samples to determile whether  with d e p t h  t h e r e  

is  any change i n  coking q u a l i t y  of the coal. The coking charac ter i s t ics  

of t h e  20 - foo t  coal  bed had been established i n  1954 from samples o b t a i n e d  

i n  t h e  tunne l  by Robbins'  p a r t y  f o r  t h e  Morgan Coal  Co. and from surface 

samples ob ta ined  by t h e  Bureau of Mines i n  a zrenching program conducted 

i n  1962 and 1963 (Warfield and o the r s ,  1966) . 
A small diameter (718  in.) diamond drill h o l e  (DH-1) was d r i l l e d  i n  

1967 during t h e  present i n v e s t i g a t i o n  t o  a de3th of  30 fee t  i n  the N Q S I J t  
' 

sec. 27 ,  about 1% m i l e s  eas t  of t h e  ou tc rop  o f  t h e  bed on the e a s t  s i d e  

of the r i v e r .  Core recovery was negligible-due t o  the  s m a l l  size of the 

hole, but c u t t i n g s  and t h e  drilling r a t e  gave a fair i n d i c a t i o n  of  the  
8 

t h i c k n e s s  o f  c o a l .  

Channel samples were taken from outc'ropping coal. beds 1 ( t h r e e  

s a m p l e s ) ,  4,  5 ,  6, 7 ,  8,  9 (two samples), EO (two samples), and 14,  The 

cozl is  o f  h i g h  v o l a t i l e  A and B bituminous rank ( t a b l e  1). Of the 12 

samples ,  10 show some coking cha rzc te r i s t i c s ,  and the lower  exposed p a r t  

of bed 1 (sample C - 1 )  has a f r e e - s w e l l i n g  index  of  6 .  The Bureau o f  

Mines has done extensive coking tests  on bed .I, i n  various combina t ions .  

of parts of t h e  bed and on the whole bed, and on b lends  o f  bed 1 coal 

with  two West V i r g i n i a  blending coals. The blends produced coke judged 
11 t o  approach metallurgical q u a l i t y "  (War f i e l d  and o t h e r s ,  1966, p .  59 ) .  

The Bureau also sampled and t e s t e d  bed 4 2nd found it t o  be noncoking. 

Core samples of bed 1 from the  1966 d r i l l i n g  progran  o f  t h e  Bureau of 

Mines show no improvement o f  coking q u a l i t y  of  t h e  coal w i t h  depth .  

Bed 2 ,  a 2 .5- foot  bed encountered  i n  the  core h o l e s ,  had approximate ly  



t h e  s k a e  cok ing  c h a r a c t e r i s t i c s  a s  be3 1. Itl i s  n o t e r ~ o r ~ h y  t h a t  a 9- foot  

c o a l  bed sampled a t  t h e  s u r f a c e  and a l so  by care  d r i l l i n g  nea r  Cape Beau- 

f o r t  showed no coking c h a r a c t e r i s t i c s  i n  t h e  s u r f a c e  sanple but  had "signi- 

ficant coking  p r o p e r t i e s "  i n  t h e  core s m p l e  (R. S .  War f i e ld ,  w r i t t e n  

c o m u n . ,  Feb. 1968). This  cou ld  i n d i c a t e  t h a t  a t  l e a s t  some o f  t h e  beds i n  

t h e  township o t h e r  than beds 1 and 2 may have more promising coking  p o s s i -  
' 

b i l i t i e s  a t  d e p t h .  

Coal  reserves were c a l c u l a t e d  on t h e  f o l l o w i n g  b a s i s :  measurable 

coal is assumed to extend back from t h e  ou tc rop  (downdip and l a t e r a l l y )  

for h a l f  a m i l e ;  i n d i c a t e d  c o a l  extends from the  o u t e r  l i m i t s  o f  measured 

coal t o  1$ m i l e s  f rom t h e  o u t c r o p ;  i n f e r r e d  coa l  lies o u t s i d e  the l i m i t s  

o f  i n d i c a t e d  c o a l  and extends t o  a  d e p t h  o f  3,000 fee t ,  t o  t h e  axis of  

t h e  s y n c l i n e ,  o r  t o  3 miles from the  outcrop, vhichever i s  c loser  t o  t h e  

o u t c r o p .  

The 20-foot  bed (bed 1 )  comprises 45 p e r c e n t  o f  t h e  t o t a l  r e s e r v e s  

i n  a l l  c a t e g o r i e s  i n  t h e  township and about  50 p e r c e n t  of measured r e -  

serves ( r a b l e . 2 ) .  This  assumes a n  average t h i c k n e s s  of 20 f e e t .  The 

f t o t a l  thickness i n  t h e  l a r g e  ou tc rop  in the e a s t  bank o f  the  r i v e r  i s  
1 

21.6 f e e t  (Warfield and others, 1966).  Robbins measured 2 3  feet  8.5 

inches i n  t h e  t u n n e l  i n  1954. About 22 fee t  of  c o a l  was encountered  i n  

t he  s m a l l  d i ame te r  h o l e  d r i l l e d  d u r i n g  t h e  p r e s e n t  i n v e s t i g a t i o n .  The 

t h i c k n e s s  i n  the  Bureau o f  H i n e s '  h o l e s  west o f  t h e  Kukpowruk R ive r  ranges 

from 18.0  t o  19.4 f e e t .  

On the b a s i s  o f  10 feet of  overburden t o  1 f o o t  o f  coal stripping 

r a t i o ,  s t r i p p a b l e  r e s e r v e s  i n  t h e  township are e s t i m a t e d  t o  be 19,932,000 

tons  of which 14,066,000 tons  are i n  bed 1. It is  assumed t h a t  t h e  

part of  bed 2 o v e r l y i n g  the s t r i p p a b l e  p a r t  of bed 1 would be recovered  

i n  mining bed 1. Other  beds containing s t r i p p a b l e  r e s e r v e s  are beds 6 

and 7 ,  i f  mined t o g e t h e r ;  bed 9 ,  assuming t h a t  it rises benea th  the 

terrace g r a v e l s  e a s t  of  the r i v e r  as sugges ted  by a t t i t u d e s  measured a t  

. the  r i v e r ;  and beds 13 and 14, i f  mined t o g e r h e r .  The tonnage of s t r i p p -  

a b l e  r e s e r v e s  f o r  each  bed i s  as fo l lows :  



Bed - Tons - 
1 ------ - - - - - - - - - - - -  14,066,000 
2 ------------------  661,000 

6 ------------------ 679,000 
7 ------------------ 291,000 

g ------------------  2,540,000 , 

13 and 14 ------------------ 1,695,000 

Total ----- 19,932,000 
The remaining beds are not thick enough and d i p  too  s t e e p l y  t o  b e  econ- 

omically r e c o v e r a b l e  by s t r i p p i n g ,  
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