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ABSTRACT 

The Upper Devonian Kanayut Conglomerate c r o p s  o u t  a long  t h e  c r e s t  of t h e  
Brooks Range of nor the rn  Alaska f o r  a d i s t a n c e  o f  a lmost  1000 km. It ranges  
i n  t h i c k n e s s  from 2600 m i n  t h e  Atigun River a r e a  t o  700 m sou th  o f  Anaktuvuk 
Pass  and has  been subdivided i n t o  f o u r  r e g i o n a l l y  p e r s i s t e n t  members: (a)  t h e  
b a s a l  sandstone member, c o n s i s t i n g  of marine sandstone and s h a l e  wi th  some 
conglomerate;  ( b )  t h e  lower s h a l e  member, c o n s i s t i n g  o f  nonmarine q u a r t z i t e ,  
conglomerate and s h a l e ;  ( c )  t h e  middle conglomerate member, c o n s i s t i n g  of 
nonmarine pebble  and cobble  conglomerate and q u a r t z i t e ;  and ( d l  t h e  Stuver 
Member, c o n s i s t i n g  of nonmarine sandstone and s h a l e .  The Kanayut conformably 
o v e r l i e s  the  Upper Devonian marine Hunt Fork S h a l e  and is conformably o v e r l a i n  
by t h e  Miss i s s ipp ian  marine Kayak Sha le .  The Kanayut is wholly alLochthonous 
and has  probably been t r a n s p o r t e d  northward on a s e r i e s  o f  t h r u s t  p l a t e s .  

The b a s a l  sandstone member o f  t h e  Kanayut Conglomerate, which o v e r l i e s  
p r o d e l t a  t u r b i d i t e s  o f  t h e  Hunt Fork S h a l e ,  c o n t a i n s  marginal-marine 
coarsening-upward channel-mouth b a r  sequences.  It is conformably o v e r l a i n  by 
t h e  lower s h a l e  member. 

Measured s e c t i o n s  of  t h e  nonmarine members of  t h e  Kanayut show t h a t  t h e  
lower s h a l e  member ranges  i n  t h i c k n e s s  from 120 m t o  1115 rn and c o n s i s t s  o f  
fining-upward c y c l e s  i n t e r p r e t e d  t o  have been depos i t ed  by meandering s t reams 
on a broad f l o o d p l a i n .  These c y c l e s  c o n t a i n ,  i n  ascending o r d e r ,  channe l i zed  
b a s a l  conglomerate,  t rough c r o s s - s t r a t i f i e d  sands tone ,  and ripple-marked 
s i l t s t o n e .  The c y c l e s  a r e  i n t e r p r e t e d  t o  be channel  and po in t -ba r  d e p o s i t s .  
I n d i v i d u a l  c y c l e s  average about  10 m i n  t h i c k n e s s  and a r e  separa ted  by 
i n t e r v a l s  of b lack ,  brown o r  maroon f l o o d p l a i n  s h a l e  d e p o s i t s .  These 
t y p i c a l l y  c o n t a i n  t h i n  coarsening-upward u n i t s  t h a t  probably r e p r e s e n t  
prograding l e v e e  sequences and i r r e g u l a r  and ungraded sandstone bod ies  
i n t e r p r e t e d  t o  be crevasse-splay d e p o s i t s .  I n  t h e  Okokmilaga River a r e a ,  t h e  
lower s h a l e  member c o n t a i n s  a d i s t i n c t i v e  coarse-gra ined u n i t  which is 
burrowed and i n t e r p r e t e d  t o  r e p r e s e n t  a widespread marine incurs ion .  

The middle conglomerate member, which ranges  i n  t h i c k n e s s  from 155 m t o  
525 m ,  c o n s i s t s  o f  b r a i d p l a i n  d e p o s i t s .  It c o n t a i n s  fining-upward c o u p l e t s  o f  
conglomerate and p a r a l l e l - s t r a t i f i e d  o r  c r o s s - s t r a t i f i e d  sandstone t h a t  
average 2-7 m i n  th ickness .  The c o u p l e t s  record d e p o s i t i o n  i n  channe l s  and on 
b a r s  o f  b ra ided  streams. The middle conglomerate member c o n t a i n s  t h e  l a r g e s t  
c l a s t s ,  l i t t l e  o r  no s h a l e ,  and r e p r e s e n t s  t h e  maximum prograda t ion  o f  
nonmarine sedimenta t ion i n  t h e  Kanayut d e p o s i t i o n a l  system. 

The S tuver  Member c o n s i s t s  of fining-upward c y c l e s  t h a t  resemble those  o f  
t he  lower s h a l e  member. It ranges  i n  t h i c k n e s s  from 160 m t o  1400 m and 
g r a d e s  upward i n t o  t i d a l  and marginal-marine d e p o s i t s  o f  t h e  Kayak Shale .  

Conglomerate i n  t h e  Kanayut is compos i t iona l ly  very mature,  averaging 82 
p e r c e n t  whi te ,  gray, b lack o r  red c h e r t  c l a s t s ,  14 pe rcen t  v e i n  q u a r t z  c l a s t s ,  
3 p e r c e n t  q u a r t z i t e  c l a s t s ,  and l e s s  than 1 p e r c e n t  o t h e r  l i t h o l o g i e s ,  mainly 
a r g i l l i t e .  Although red c h e r t  is l o c a l l y  abundant i n  t h e  Sha in in  Lake- 
G a l b r a i t h  Lake area, t h e r e  is l i t t e  v a r i a t i o n  i n  conglomerate composit ion i n  
t h e  Kanayut, sugges t ing  d e r i v a t i o n  from a s i n g l e  major source  t e r r a n e .  



Range dur ing  the  1978 f i e l d  season have been summarized by Ni lsen and o t h e r s  
(1980a).  That r e p o r t  a l s o  c o n t a i n s  a summary o f  t h e  r e g i o n a l  l i t h o -  
s t r a t i g r a p h y  and b i o s t r a t i g r a p h y  of t h e  E n d i c o t t  Group, and t h e  r e a d e r  is 
r e f e r r e d  t o  t h a t  r e p o r t  f o r  s t r a t i g r a p h i c  background informat ion.  S t u d i e s  of 
t h e  Kanayut and r e l a t e d  u n i t s  in t h e  e a s t e r n  and western  Brooks Range dur ing  
t h e  1979 f i e l d  season have been summarized by Ni lsen and o t h e r s  (1981a) .  

Four s t r a t i g r a p h i c  s e c t i o n s  were measured i n  t h e  End ico t t  Group dur ing  
t h e  1978 f i e l d  season (Ni l sen  and o t h e r s ,  1980a) and f o u r  dur ing  t h e  1979 
f i e l d  season (Ni l sen  and o t h e r s ,  1981a).  I n  t h i s  r e p o r t ,  we d e s c r i b e  twelve 
a d d i t i o n a l  measured s e c t i o n s  , a l l  from t h e  Kanayut Conglomerate of  t h e  c e n t r a l  
Brooks Range. 

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

The Upper Devonian and M i s s i s s i p p i a n  s t r a t a  o f  t h e  Brooks Range were 
thought  t o  form a major off lap-onlap megacycle i n  which t h e  Upper Devonian 
Kanayut Conglomerate and t h e  Lower M i s s i s s i p p i a n  Kekiktuk Conglomerate a r e  t h e  
middle nonmarine p a r t  o f  t h e  c y c l e  ( f i g .  2 ) .  The Devonian Bunt Fork S h a l e  
comprises t h e  lower marine p a r t  o f  t h e  megacycle and t h e  M i s s i s s i p i a n  Kayak 
S h a l e ,  or its l o c a l  e q u i v a l e n t ,  t h e  I t k i l y a r i a k  Formation,  comprises t h e  upper 
marine p a r t .  The middle Devonian Beaucoup Formation (Dutro and o t h e r s ,  1979 ) 
u n d e r l i e s  the  Hunt Fork Sha le  and may r e p r e s e n t  an e a r l i e r  d e p o s i t i o n a l  cyc le .  

P r i o r  reconnaissance  mapping had o u t l i n e d  t h e  d i s t r i b u t i o n  o f  u n i t s  o f  
t h e  End ico t t  Group. However, d e t a i l e d  mapping and d i v i s i o n  o f  t h e  Kanayut 
Conglomerate i n t o  in fo rmal  members were l i m i t e d  t o  a r e a s  n e a r  Sha in in  Lake and 
Anaktuvuk Pass  (Bowsher and Dutro ,  1957; P o r t e r ,  1966).  Members o f  t h e  
Kanayut Conglomerate and of  t h e  Hunt Fork Sha le  were mapped i n  t h e  P h i l i p  
Smith Mountains quadrangle  on t h e  b a s i s  o f  f i e l d  work done i n  1975 and 1976 
(Brosge and o t h e r s ,  1979a) and i n  most o f  t h e  Chandler Lake and K i l l i k  River 
quadrang les  on t he  b a s i s  of  f i e l d  work done i n  1977 and 1978 (Brosge and 
o t h e r s ,  1979b). The mapped boundar ies  between members, based p r i m a r i l y  on t h e  
pe rcen tage  of r e s i s t a n t  beds i n  t h e  r e s p e c t i v e  members, do n o t ,  however, 
n e c e s s a r i l y  c o i n c i d e  wi th  boundar ies  determined from t h e  d e t a i l e d  measurement 
of s t r a t i g r a p h i c  s e c t i o n s  p resen ted  i n  t h i s  r e p o r t .  

The Hunt Fork Sha le  was def ined  by Chapman and o t h e r s  (1964) i n  its type  
a r e a  j u s t  west o f  the  Okokmilaga Val ley .  The Kanayut Conglomerate and Kayak 
Sha le  were desc r ibed  by Bowsher and Dutro (1957) i n  t h e  Sha in in  Lake a r e a  and 
by P o r t e r  (1966) nea r  Anaktuvuk Pass .  Bowsher and Dutro desc r ibed  and named 
t h e  upper t h r e e  members o f  t h e  Kanayut, and P o r t e r  desc r ibed  t h e  lowest  
member, which is absen t  a t  Sha in in  Lake. A l l  f o u r  members were a g a i n  
d e s c r i b e d ,  wi th  r e v i s e d  names, i n  t h e  P h i l i p  Smith Mountains a r e a  (Brasge and 
o t h e r s ,  1979a).  

The Kekiktuk Conglomerate, named by Brosge and o t h e r s  (1962) f o r  ou tc rops  
west of Lake P e t e r s  i n  t h e  n o r t h e a s t e r n  Brooks Range, and t h e  I t k i l y a r i a k  
Formation,  named by Mull and Mangus (1972) f o r  ou tc rops  i n  t h e  S a d l e r o c h i t  
Mountains of t h e  n o r t h e a s t e r n  Brooks Range, form p a r t  o f  t h e  autochthonous 
sequence o f  t h e  End ico t t  Group. These u n i t s  are n o t  d i scussed  f u r t h e r  i n  t h i s  
r e p o r t .  





D i s t r i b u t i o n  and s t r u c t u r e  

The Upper Devonian Hunt Fork Shale  and Kanayut Conglomerate c rop  o u t  i n  
an  eas t -west - t rending b e l t  a d j a c e n t  t o  t h e  68 th  p a r a l l e l  and a r e  a b s e n t  from 
a r e a s  to t h e  nor th  and sou th ,  where t h e  Kekiktuk Conglomerate i n  ou tc rop  rests 
unconformably p r i m a r i l y  on deformed pre-Upper Devonian rocks .  Outcrops o f  t h e  
Upper Devonian c l a s t i c  rocks  comprise a s e r i e s  o f  t h r u s t  s h e e t s  and are t h u s  
a l loch thonous  (Brosge and o t h e r s ,  1979a, b ) ,  whereas ou tc rops  o f  t h e  Kekiktuk 
r e s t  p r i m a r i l y  on deformed basement and are g e n e r a l l y  thought  t o  be  
autochthonous  o r  parautochthonous ( N i l s e n ,  i n  p r e s s ) .  

The Mississippian Kayak Sha le  s t r a t i g r a p h i c a l l y  o v e r l i e s  both  t h e  Kanayut 
Conglomerate and t h e  Kekiktuk Conglomerate and is p r e s e n t  throughout  most o f  
t h e  Brooks Range. I n  a mall  a r e a  abou t  50 t o  75 km west-northwest o f  A r c t i c  
V i l l a g e ,  bo th  t h e  Kanayut and Kekiktuk a r e  a b s e n t  and t h e  Kayak Sha le  r e s t s  
d i r e c t l y  on t h e  Hunt Fork Sha le  (Ni l sen  and o t h e r s ,  1981). 

Most o f  t h e  End ico t t  Group i n  subsur face  is only  s l i g h t l y  deformed, 
whereas all outcropping strata are f o l d e d  and f a u l t e d .  The Upper Devonian 
c l a s t i c  rocks  o f  t h e  End ico t t  Group form a  s e r i e s  o f  s t acked  t h r u s t  p l a t e s  i n  
t h e  c e n t r a l  Brooks Range. The Kanayut Conglomerate i n  t h e  c e n t r a l  Brooks 
Range forms t h r e e  p l a t e s  t h a t  a r e  bounded by south-dipping t h r u s t  f a u l t s  125 
t o  450 km long and 15 t o  30 lan a p a r t ,  w i th  l o c a l  d isplacements  o f  a t  least 5 
t o  15 km (Brosge and o t h e r s ,  i n  p r e s s ) .  Westward, t h e  f a u l t s  o b l i q u e l y  
i n t e r s e c t  t h e  nor the rn  f r o n t  o f  t h e  Brooks Range and t h e  t h r u s t  p l a t e s  a r e  
fo lded  i n t o  west-plunging a n t i c l i n e s  t h a t  plunge o u t  westward beneath  t h e  
o v e r l y i n g  p l a t e .  Eastward, most of t h e  f a u l t s  a l s o  d i e  o u t  w i t h i n  t h e  range 
i n t o  over tu rned  a n t i c l i n e s  wi th  l i t t l e  o r  no h o r i z o n t a l  d isplacement .  
However, t h e  Toyuk t h r u s t  of  P o r t e r  (1 966) ex tends  a c r o s s  most, i f  not  a l l ,  o f  
t h e  Kanayut ou tc rop  b e l t .  Because t h e  p l a t e s  n o r t h  o f  t h e  Toyuk t h r u s t  plunge 
o u t  en echelon to  t h e  west, t h e  e a s t e r n  p a r t  of t h e  p l a t e  o v e r l y i n g  t h e  Toyuk 
t h r u s t  forms the s o u t h  edge of the  Kanayut o u t c r o p  b e l t  and its western p a r t  
forms t h e  nor th  edge o f  t h e  Kanayut ou tc rop  b e l t  a t  t h e  f r o n t  of t h e  range. 

A set o f  nor th-dipping t h r u s t  f a u l t s  s e p a r a t e s  t h e  Upper Devonian c l a s t i c  
rocks  i n  t h e  c e n t r a l  Brooks Range from t h e  sou the rn  b e l t  o f  Kekiktuk 
Conglomerate ou tc rops .  If t h e s e  f a u l t s  a r e  cont inuous  at  depth  wi th  t h e  
f a u l t s  t h a t  bound t h e  Devonian rocks to t h e  nor th ,  t h e  e n t i r e  ou tc rop  b e l t  o f  
t h e  a l loch thonous  Devonian End ico t t  Group may be a  g i a n t  k l i p p e  (Mull and 
o t h e r s ,  1976). However, t h e  connect ion between t h e s e  faults appears  t o  be  
bur ied  beneath subsequent t h r u s t  p l a t e s  on t h e  west and has  no t  y e t  been found 
where it should  be exposed a t  t h e  e a s t  end o f  t h e  presumed k l i p p e  (Brosge and 
o t h e r s  , i n  p r e s s  1 . 

The Upper Devonian p a r t  o f  t h e  End ico t t  Group is n o t  known f o r  c e r t a i n  t o  
have been reached i n  t h e  s u b s u r f a c e ,  but  e q u i v a l e n t  rocks  t h a t  have been 
de f ined  by s e i s m i c  p r o f i l e s  (Tetra Tech, Inc . ,  1979) t o  t h e  nor thwest  may be 
p r e s e n t  l o c a l l y  i n  the  deeper  p a r t s  o f  t h e  U m i a t  and Meade Basins o f  t h e  
western  North S lope  a r e a .  The Endico t t  Group may be a s  t h i c k  as 2,800 m i n  
t h e s e  deeply bur ied  b a s i n s  because,  a l though  se i smic  i n t e r p r e t a t i o n s  ( T e t r a  
Tech, Inc . ,  1979) i n d i c a t e  a t h i c k n e s s  of  less than 1,000 rn of  s t rata  between 
t h e  base  o f  t h e  Carboniferous  Lisburne Group and a r g i l l i t e  basement over  most 
of  t h e  a r e a ,  as much a3 4,000 m is p r e s e n t  i n  t h e  Umiat Basin.  A t  t h e  In igok  
t e s t  we l l  near  the edge o f  t h e  U m i a t  b a s i n ,  t h e  Lisburne Group is abou t  1,200 
m t h i c k ,  t h e  Kayak Shale  80 m t h i c k ,  and t h e  Kekiktuk Conglomerate a t  l e a s t  



s e t t l i n g  from storm-generated overflows o r  i n t e r f l o w s  wi th in  t h e  water column 
r a t h e r  than bottom-flowing t u r b i d i t y  c u r r e n t s .  

Cycles o f  shallow-marine sandstone c h a r a c t e r i z e  t h e  upper p a r t  o r  wacke 
member of t h e  Hunt Fork Sha le  o f  Brosge and o t h e r s  (1979a, b) and t h e  basal 
sandstone member o f  the  Kanayut Conglomerate. These sandstone u n i t s  a r e  
l o c a l l y  f o s s i l i f e r o u s  and c o n t a i n  assemblages c h a r a c t e r i s t i c  of s h e l f ,  
i n t e r t i d a l ,  lagoonal  , and marginal-marine environments. The sandstone s t r a t a ,  
deposi ted a s  a v a r i e t y  o f  d e p o s i t i o n a l  bod ies ,  most t y p i c a l l y  form thickening-  
and coarsening-upward c y c l e s ,  e s p e c i a l l y  i n  t h e  t h e  b a s a l  sandstone member o f  
t h e  Kanayut Conglomerate. The thickening-upward c y c l e s  record p rograda t ion  of 
t h e  delta over marine s l o p e  and s h e l f  d e p o s i t s .  Although t h e  geometry o f  
t h e s e  d e p o s i t s  has no t  been a s c e r t a i n e d ,  t h e  v e r t i c a l  s e c t i o n s  resemble those  
of  channel-mouth b a r s  descr ibed from many modern d e l t a s .  

Other bod ies  of shallow-marine sands tone ,  c h a r a c t e r i z e d  throughout by 
medium- t o  l a rge-sca le  c r o s s - s t r a t a  t h a t  have c o n s i s t e n t  o r i e n t a t i o n s ,  may 
r e p r e s e n t  o f f s h o r e  b a r s  o r  s p i t s  t h a t  formed on t h e  margins of  t h e  d e l t a .  
Var iab le  p a l e o c u r r e n t s  d i r e c t i o n s  from t h e  shallow-marine sandstone bodies  
r e f l e c t  c u r r e n t s  generated by waves, winds, t i d e s ,  and longshore d r i f t .  

Kanayut Conglomerate 

The lower s h a l e  and S tuver  members of t h e  Kanayut Conglomerate a r e  
i n t e r p r e t e d  t o  have been depos i t ed  by meandering streams on a f loodpla in .  The 
members c o n s i s t  o f  a s e r i e s  o f  th inning-  and fining-upward c y c l e s  s i m i l a r  t o  
those  descr ibed from many modern meandering r i v e r s .  De ta i l ed  a n a l y s i s  o f  the  
c y c l e s  may permit  de te rmina t ions  i n  t h e  f u t u r e  o f  t h e  s i z e s  o f  t h e  r i v e r s ,  
t h e i r  d i scharges ,  and temporal  o r  geograph ica l  v a r i a b i l i t y  o f  t h e  s t reams 
wi th in  t h e  d e p o s i t i o n a l  bas in .  

The meandering-stream c y c l e s  c h a r a c t e r i s t i c a l l y  commence a t  t h e i r  base 
wi th  e r o s i o n a l  t r u n c a t i o n  o f  under lying s h a l e  o r  p a l e o s o l s  by t h i c k  beds o f  
conglomerate o r  sandstone.  The amount o f  downcutting observed v a r i e s  from 
s e v e r a l  cm t o  as much a s  5 m. However, if viewed on a l a r g e  enough s c a l e ,  
each f l u v i a l  c y c l e  probably downcuts approximately t h e  t h i c k n e s s  o f  t h e  
i n d i v i d u a l  c y c l e ,  inasmuch a s  t h e  c y c l e  is a preserved record of f i l l i n g  o f  
t h e  i n d i v i d u a l  r i v e r  channel. The b a s a l  beds t y p i c a l l y  c o n s i s t  o f  massive o r  
c rude ly  p a r a l l e l - s t r a t i f i e d  conglomerate o r  conglomeratic sandstone c o n t a i n i n g  
abundant rip-up c l a s t s  o f  s h a l e ,  s i l t s t o n e ,  and p a l e o s o l  m a t e r i a l .  

Overlying t h e  b a s a l  conglomeratic beds a r e  p a r a l l e l - s t r a t i f i e d  beds o f  
sandstone t h a t  a r e  i n  t u r n  o v e r l a i n  by t r o u g h - c r o s s - s t r a t i f i e d  beds o f  
sandstone.  Trough ampli tudes  g r a d u a l l y  decrease  upward i n  t h e  c y c l e s  
concomitant ly  wi th  decreas ing  g r a i n  s i z e  o f  t h e  sandstone.  The trough axes  
have v a r i a b l e  a t t i t u d e s ,  but  g e n e r a l l y  plunge toward t h e  southwest.  These 
d e p o s i t s  r e p r e s e n t  f i l l  o f  the  channel  by t r a n s v e r s e  and l o n g i t u d i n a l  bars 
t h a t  migrate  downchannel as t h e  s t ream channel g r a d u a l l y  s h i f t s  and migra tes  
l a t e r a l l y  by t h e  meander process .  

The upper p a r t  o f  t h e  c y c l e s  c o n s i s t s  o f  t h i n l y  bedded eur ren t - r ipp le -  
marked f ine-grained sandstone wi th  t h i n  s h a l e  i n t e r b e d s .  These ripple-marked 
sandstones  c o n t a i n  abundant mica, c l a y ,  and carbonaceous m a t e r i a l .  Climbing 
r i p p l e s  are l o c a l l y  common i n  t h e s e  d e p o s i t s ,  as w e l l  as p l a n t  f o s s i l s  and 



Kayak Sha le  

I n  its type  a r e a ,  near  Sha in in  Lake, t h e  Kayak Sha le  is abou t  300 m 
t h i c k ,  rests conformably on nonmarine f a c i e s  o f  t h e  S tuver  Member, and has  
been subd iv ided  i n t o  5 members: 1 .  b a s a l  f ine-gra ined sands tone ,  40 m t h i c k ;  
2. lower b lack s h a l e ,  180 m t h i c k ;  3. a r g i l l a c e o u s  l imes tone ,  24 m t h i c k ;  4. 
upper b lack  s h a l e ,  40 m t h i c k ;  and 5. red l imes tone ,  5 m t h i c k .  The t h r e e  
lower members, a l though  t h e i r  t h i c k n e s s  v a r i e s ,  can be t r a c e d  a long  t h e  e n t i r e  
Brooks Range, d e s p i t e  marked t h i c k e n i n g  and t h i n n i n g  o f  t h e  Kayak as a whole 
from t h e  e f f e c t s  o f  t h r u s t  f a u l t i n g .  However, i n  t h e  southern  and e a s t e r n  
Brooks Range, t h e  Kayak Sha le  i n  t h e  a l loch thonous  sequence of t h e  End ico t t  
Group is g e n e r a l l y  less than 75 m t h i c k  and c o n s i s t s  most ly  of  b lack  s h a l e .  

The b a s a l  sandstone member t y p i c a l l y  c o n s i s t s  o f  t h i n l y  c r o s s - s t r a t i f i e d  
and ripple-marked f ine -g ra ined  quar tzose  sandstone w i t h  abundant ScoLi thus  
burrows, a marine i c h n o f o s s i l .  I n  its type  a r e a  and e lsewhere ,  it c o n t a i n s  
bo th  c u r r e n t -  and o s c i l l a t i o n - r i p p l e  markings,  r e a c t i v a t i o n  s u r f a c e s ,  f l a s e r  
bedding,  and herr ingbone c r o s s  laminae and c r o s s  s t r a t a  s u g g e s t i v e  of t i d a l  
c u r r e n t  a c t i v i t y .  I n  most l o c a l i t i e s  w i t h i n  t h e  a l loch thonous  sequence of  t h e  
End ico t t  Group, t h e  sandstone r e s t s  d i r e c t l y  on red o r  b lack  s h a l e  o r  s o i l s  of  
t h e  topmost fining-upward f l u v i a l  c y c l e  of  t h e  S tuver  Member; however, i n  
c o n t r a s t  to coarse-gra ined d e p o s i t s  o f  t h e  Kanayut, it c o n s i s t s  wholly of  
f ine -g ra ined  sands tone ,  may c o n t a i n  recumbent and s y n d e p o s i t i o n a l l y  fo lded  
c r o s s  s t r a t a ,  slump f o l d s ,  ans s l u r r i e d  l a y e r s ,  and may form a  th ickening-  o r  
coarsening-upward megasequence a b r u p t l y  o v e r l a i n  by b lack  s h a l e  o f  t h e  next  
member. I n  a few r a r e  s e c t i o n s ,  t h e  b a s a l  sandstone member forms a very t h i c k  
c y c l e  of in termixed f ine -g ra ined  sandstone t y p i c a l  o f  t h e  b a s a l  member and 
conglomerate o f  t h e  f l u v i a l  Kanayut Conglomerate. 

The o v e r l y i n g  black s h a l e  c o n t a i n s  some t h i n  graded beds o f  f ine-gra ined 
sandstone t h a t  appear  ta be e i t h e r  t u r b i d i t e s  o r  v e r t i c a l  accumulations o f  
storm-generated sediment overf lows.  The a r g i l l a c e o u s  l imes tone ,  which appears  
to t o m  a number o f  d i f f e r e n t  beds o f  v a r i a b l e  t h i c k n e s s  i n  d i f f e r e n t  a r e a s ,  
c o n t a i n s  megafososi l  d e b r i s  , i n c l u d i n g  brachiopods , brypzpans , echinoderms, 
mol lusks ,  and os t racodes .  P re l iminary  examination o f  t h e s e  beds sugges t  a 
debr is - f low o r i g i n ,  because they  r e s t  a b r u p t l y  on and a r e  o v e r l a i n  a b r u p t l y  by 
b lack  shale, they  a r e  ungraded, have a p a r t l y  a r g i l l a c e o u s  m a t r i x ,  and c o n t a i n  
unsor ted  and c h a o t i c  assemblages o f  c a l c a r e o u s  f o s s i l  fragments . 

The Kayak Sha le  i n  g e n e r a l  r e p r e s e n t s  a sequence t h a t  was depos i t ed  i n  
p r o g r e s s i v e l y  deeper wa te r ,  excep t  a t  its top ,  where it s h o a l s  upward i n t o  
l imestone o f  t h e  Lisburne Group. The b a s a l  sandstone r e p r e s e n t s  nea r shore ,  
probably t i d a l  sand f l a t - d e p o s i t i o n .  P a l e o c u r r e n t  d i r e c t i o n s  from it a r e  
h i g h l y  v a r i a b l e  and i n d i c a t e  f low toward t h e  southwest ,  s o u t h e a s t ,  and 
n o r t h e a s t  (Ni l sen  e t  a l . ,  1980b). The o v e r l y i n g  black s h a l e  r e p r e s e n t s  deeper  
marine sed imenta t ion ,  probably  a p r o d e l t a  s l o p e  s e t t i n g ,  i n t o  which some 
massive f o s s i l i f e r o u s  d e b r i s  f lows o f  a r g i l l a c e o u s  l imestone were 
resedimented.  



Conglomerate. The s t r a t i g r a p h i c a l l y  h i g h e s t  marine s t r a t a  a r e  590 q above t h e  
base  o f  t h e  s e c t i o n .  

The lowest  p a r t  o f  t h e  lower s h a l e  member is marked by two prominent 
fining-upward c y c l e s  a t  253 m and 262 m t h a t  c o n t a i n  conglomeratic sandstone 
a t  t h e i r  bases .  The c y c l e s  near  t h e  base o f  t h e  member, between 253 m and 405 
m,  t y p i c a l l y  c o n t a i n  f ine -  t o  medium-grained trough c r o s s - s t r a t i f i e d  sandstone 
a t  t h e i r  base and are o v e r l a i n  by p a r a l l e l - s t r a t i f i e d ,  ve ry  fine-grained 
sandstone,  s i l t a t o n e  and sha le .  The f ine-grained tops  of some c y c l e s  a r e  t h i n  
and c o n t a i n  Scol i thus- type burrows, i n d i c a t i n g  a marine o r i g i n .  Two c y c l e s  
between 300 m and 380 m c o n t a i n  t h i c k  accumulations of i n t e r s t r a t i f i e d  r i p p l e -  
marked f ine-grained sandstone and s h a l e  t h a t  l ack  burrows and may r e p r e s e n t  
e i t h e r  f l u v i a l  f loodp la in  o r  f reshwate r  l a k e  d e p o s i t s .  We i n f e r  t h a t  t h e s e  
t h e s e  in terbedded marine and f l u v i a l  s t r a t a  near  t h e  Hunt Fork-Kanayut c o n t a c t  
record a g r a d u a l  progradat ion o f  coarse-grained d e l t a - p l a i n  meandering s t reams 
over  f ine-grained d e l t a - f r o n t  sediments.  The complex i n t e r f i n g e r i n g  probably 
r e f l e c t s  v e r t i c a l  and l a t e r a l  a c c r e t i o n  o f  meandering-fluvial-channel,  
i n t e r d i s t r i b u t a r y - b a y ,  brackish-swamp, low-energy-shoreline, and f reshwater  
l a k e  depos i t s .  

The middle and upper p a r t s  of t h e  lower s h a l e  member above 405 m c o n s i s t  
o f  th inning-  and fining-upward c y c l e s  i n f e r r e d  t o  be meandering r i v e r  
d e p o s i t s .  These c y c l e s  c o n t a i n  both coarser-gra ined d e p o s i t s  than those  a t  
t h e  base  o f  t h e  member and t h i c k e r  basal sandstone and conglomerate u n i t s  t h a t  
e x h i b i t  m u l t i p l e  scour  hor izons  and l o c a l  trough c r o s s - s t r a t i f i c a t i o n .  The 
coarse  b a s a l  f a c i e s  o f  each c y c l e  probably r e p r e s e n t  channel and lower po in t -  
b a r  d e p o s i t s .  The basal d e p o s i t s  a r e  t y p i c a l l y  o v e r l a i n  by trough c ross -  
s t r a t i f i e d ,  f ine -  t o  medium-grained sandstone capped by red ,  maroon, o r  b lack 
s i l t s t o n e  and s h a l e .  These f ine-grained sediments were probably depos i t ed  on 
t h e  upper s u r f a c e s  o f  po in t -bars ,  l e v e e s ,  and f l o o d p l a i n s .  Shale  and 
s i l t s t o n e  i n t e r v a l s  are t h i n  o r  nonex is ten t  i n  t h e  middle o f  t h e  lower s h a l e  
member between 720 m and 890 m,  but  i n c r e a s e  i n  t h i c k n e s s  upward toward t h e  
t o p  of t h e  s e c t i o n .  Near t h e  t o p ,  t h e  f l o o d p l a i n  d e p o s i t s  a r e  as t h i c k  as 20 
m and commonly r e s t  d i r e c t l y  on conglomeratic s t r a t a  wi thout  i n t e r v e n i n g  
sandstone of s u b s t a n t i a l  th ickness .  One well-exposed f l o o d p l a i n  sequence near  
t h e  t o p ,  between 1350 m and 1365 m,  c o n t a i n s  two c y c l e s  o f  b lack s h a l e ,  t h i n  
rippled-marked sandstone,  and a pa leoso l .  These t h i n  coarsening-upward c y c l e s  
a r e  2-3 m i n  t h i c k n e s s  and probably record o u t b u i l d i n g  o f  l e v e e s  i n t o  a d j a c e n t  
swampy lowlands o r  l a k e s  on t h e  f l o o d p l a i n s .  

The c o n t a c t  with t h e  over ly ing  middle conglomerate member a t  t h e  top  o f  
t h e  s e c t i o n  is abrup t  and marked by t h e  disappearance of s h a l e  and appearance 
o f  massive sandstone and conglomeratic s t r a t a .  This  c o n t a c t  r e f l e c t s  t h e  
i n f l u x  of  coarser-gra ined sediment and t r a n s i t i o n  t o  d e p o s i t i o n  by braided 
s t reams.  

Cycles a r e  g e n e r a l l y  t h i c k e r  a t  t h e  base o f  t h e  lower s h a l e  member, 
t h i n n e s t  i n  t h e  middle p a r t ,  and t h i c k e s t  a t  t h e  top.  The c y c l e s  average 20- 
30 m i n  th ickness  at  t h e  base o f  t h e  member, 10-20 m i n  t h e  middle, and 45 m 
a t  t h e  top.  

Clast s i z e  i n c r e a s e s  r e g u l a r l y  upward. I n  t h e  Hunt Fork Sha le  and a t  t h e  
base of t h e  lower s h a l e  member, conglomerate is r a r e  and t h e  maximum c l a s t  
s i z e  is 2 cm. A t  t h e  top  o f  t h e  lower s h a l e  member, t h e  maximum c l a s t  s i z e  is 
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5 cm. Two pebble counts from the  lower sha l e  member show t h a t  t he  c l a s t  
composition is t y p i c a l  of  the  Kanayut, averaging 85 percent  che r t  and 15 
percent vein quartz .  Q u a r t z i t e  is absent  and red c h e r t  comprises 2 percent  of  
t he  conglomerate c l a s t s .  

Paleocurrent  measurements from the  s ec t i on  a r e  cons i s t en t  i n  o r i en t a t i on  
and ind i ca t e  southward sediment t ranspor t .  There is l i t t l e  d i f f e r ence  between 
d i r e c t i o n s  from the  Hunt Fork Shale  and the  lower sha l e  member of t he  Kanayut 
Conglomerate. The mean and standard devia t ion  of  8 measurements from the  Hunt 
Fork Shale  are 186' k 21' and of 17 measurements from the lower s h a l e  member 
a r e  171' t 38' p .  

Middle con~ lomera t e  member 

A complete sec t ion  of the middle conglomerate member of the  Kanayut 
Conglomerate was measured on a s teep  east-facing va l l ey  wal l  approximately 15 
km southeast  of Galbrai th  Lake, (NE 114, T.13S., R.l2E., P h i l i p  Smith 
Mountains Quadrangle).  The measured sec t ion  ( f i g .  5 )  is very well exposed 
along a small northeast- t rending creek. The middle conglomerate member a t  
t h i s  l oca t ion  is 155 m th ick  and is conformably underlain and over la in  by the  
lower sha l e  and Stuver members, respec t ive ly .  The contac ts  between the  
members a r e  abrupt  and marked by the  absence of  sha l e  i n  the  middle 
conglomerate member. The basa l  12 m (1  cyc l e )  o f  the Stuver Member were a l s o  
measured a t  t h i s  l oca t ion ,  r e s u l t i n g  i n  a t o t a l  thickness  of  167 m fo r  t he  
e n t i r e  sec t ion .  The middle conglomerate member a t  t h i s  loca t ion  was 
previously mapped by Brosge and o the r s  (1979a) a3 the  massive marker bed 
within a th icker  and l i t h o l o g i c a l l y  more va r i ab l e  middle conglomerate member. 

The measured sec t ion  c o n s i s t s  almost exc lus ive ly  of i n t e r s t r a t i f i e d  
conglomerate, conglomeratic sandstone, and coarse-grained sandstone. Fine- 
grained sandstone, s i l t s t o n e  and sha l e  a r e  presen t  only i n  t he  basa l  p a r t  o f  
the  Stuver Member a t  the top of  the  s ec t i on .  Beds of  conglomerate a r e  
l e n t i c u l a r ,  a s  th ick  a s  7.3 m,  and contain c l a s t s  c l a s t s  as l a rge  a s  10 cm. 
Beds of sandstone a r e  a s  th ick  a s  1.4 m and a r e  commonly conglomeratic,  
containing pebbles  a s  l a rge  as 3 cm. 

The conglomerate and sandstone beds form fining-upward couple t s  i n  which 
the  conglomeratic base of each couplet  is channeled i n t o  the  underlying 
sandstone or  conglomeratic sandstone. The conglomerate is clast-supported,  
t y p i c a l l y  massive t o  crudely p a r a l l e l - s t r a t i f i e d ,  and has a well-defined 
f a b r i c  charac te r ized  by upstream d i p  of imbricated pebbles and o r i en t a t i on  of  
long axes p a r a l l e l  t o  flow. The matrix c o n s i s t s  of sandstone and f i n e r  
conglomeratic sandstone. Beds of sandstone a r e  genera l ly  p a r a l l e l - s t r a t i f i e d  
t o  trough c r o s s - s t r a t i f i e d  but a r e  l o c a l l y  massive. They form t h i n ,  f l a t  
l enses  i n  outcrops t h a t  are t runcated above by beds of conglomerate. I n  the  
i n t e r v a l  between 100 m and 150 m above the  base of  t he  s ec t i on ,  conglomerate 
beds are commonly over la in  by a scoured sur face  and another conglomerate bed, 
r e s u l t i n g  i n  a sequence of  amalgamated conglomerate. This i n t e r v a l  conta ins  
the  coarses t  conglomerate. The sec t ion  above 150 m changes abrupt ly  i n  
charac te r .  Two f ining-  and thinning-upward cyc les  can be recognized, although 
p a r t l y  covered, by the fine-grained sandstone, s i l t s t o n e ,  and sha l e  which is 
presen t  in both f l o a t  and outcrop i n  t h e i r  upper pa r t s .  The overlying 
conglomerate is scoured into these fine-grained depos i t s  and l o c a l l y  conta ins  
well-developed f l u t e  c a s t s  a t  its base. 



The lower 155 m of t h e  s e c t i o n  was probably  depos i t ed  by bra ided 
streams. Fining-upward conglomerate-sandstone c o u p l e t s  probably were formed 
by l a t e r a l  and v e r t i c a l  a c c r e t i o n  of migra t ing  l o n g i t u d i n a l  b a r s .  Migrat ing 
dunes and sandwaves superimposed on l a r g e r  b a r s  r e s u l t e d  i n  crossbedded 
sandstone.  The t r a n s i t i o n  t o  the  t h i c k e r  fining-upward c y c l e s  o f  t h e  S tuver  
Member, which i n c l u d e  s i l t s t o n e  and s h a l e  i n  t h e i r  upper p a r t s ,  may mark a 
change t o  d e p o s i t i o n  by a meandering r i v e r  system. The c o a r s e  b a s a l  p a r t s  of 
t h e s e  t h i c k e r  c y c l e s  a r e  i n t e r p r e t e d  t o  be r ive r -channe l  and point -bar  
d e p o s i t s ,  and t h e  upper f ine-gra ined s t ra ta  upper-point-bar,  l e v e e ,  and 
f l o o d p l a i n  d e p o s i t s .  

Two pebble  coun t s  i n d i c a t e  an average composit ion o f  88 percen t  c h e r t ,  11  
pe rcen t  ve in  q u a r t z ,  and 1 p e r c e n t  q u a r t z i t e .  Red c h e r t  c l a s t s  a r e  no tab ly  
abundant ,  composing approximately 40 p e r c e n t  of t h e  t o t a l  number o f  c l a s t s .  

Four p a l e o c u r r e n t  measurements o f  t rough c r o s s - s t r a t a  a x e s ,  c l a s t  
i m b r i c a t i o n ,  and c l a s t  long axes  i n d i c a t e  t h a t  sediment t r a n s p o r t  was 
c o n s i s t e n t l y  southward dur ing  d e p o s i t i o n  o f  t h e  middle conglomerate member. 
F l u t e  c a s t s  a t  t h e  top  o f  t h e  s e c t i o n  a r e  o r i e n t e d  toward t h e  west ,  however, 
p o s s i b l y  sugges t ing  a change t o  more wes te r ly  sediment t r a n s p o r t  dur ing  
d e p o s i t i o n  of t he  b a s a l  s t ra ta  of t h e  S t u v e r  Member. The mean and s t andard  
d e v i a t i o n  f o r  all seven p a l e o c u r r e n t  measurements from t h i s  s e c t i o n  
a r e  1880 430, 

S t u v e r  Member 

A t h i c k  s e c t i o n  o f  t h e  S tuver  Member o f  t h e  Kanayut Conglomerate was 
measured on a nor th- t rending r i d g e  abou t  6 km e a s t  of t h e  Atigun River Val ley  
( s e c .  13,  T.I3S., R . 1 3 E . ,  P h i l i p  Smith Mountains Quadrangle) .  Contacts  wi th  
t h e  under ly ing middle conglomerate member and o v e r l y i n g  Kayak Sha le  a r e  well 
exposed (F ig .  6 ) .  

Nearly 1,300 m o f  s e c t i o n  were measured w i t h i n  t h e  S t u v e r  Member, wi th  
less than  1 p e r c e n t  covered. The c o n t a c t  wi th  t h e  middle conglomerate member 
is marked by t h e  t e rmina t ion  o f  massive conglomerate beds and beginning o f  
d i s t i n c t  fining-upward c y c l e s  t h a t  c o n t a i n  shale i n t e r v a l s  t h a t  a r e  1 t o  2 m 
t h i c k  at  t h e  base  of the  S t u v e r  Member. The c y c l e s  commence wi th  beds of 
conglomerate o r  conglomerat ic  sandstone t h a t  have a maximum c l a s t  s i z e  of 7 
cm, compared t o  8.5 cm a t  t h e  top  o f  t h e  middle conglomerate member. These 
g e n e r a l l y  massive beds have an e r o s i o n a l  c o n t a c t  wi th  under ly ing s t r a t a  and 
may c o n t a i n  s h a l e  rip-up c l a s t s  a s  l a r g e  as 1 m. The coarse-gra ined beds 
g rade  upward i n t o  t r o u g h - c r o s s - s t r a t i f i e d  and current-r ippled-marked sands tone  
t h a t  is o v e r l a i n  by e x t e n s i v e  sequences of in terbedded s h a l e ,  s i l t s t o n e ,  and 
very f ine-gra ined sandstone as t h i c k  as 55 m. 

The fining-upward c y c l e s  and t h e  o v e r a l l  fining-upward p a t t e r n  o f  t h e  
S t u v e r  Member are i n d i c a t i v e  o f  meandering stream d e p o s i t s  and g r a d u a l  
r e t r o g r a d a t i o n  o f  t h e  Kanayut d e l t a .  The conglomerate and conglomerat ic  
sandstone a t  t h e  base  o f  t h e  c y c l e s  r e p r e s e n t  channel  d e p o s i t s ,  g rad ing  upward 
i n t o  point -bar  d e p o s i t s  r ep resen ted  by t h e  t r o u g h - c r o s s - s t r a t i f i e d  and r i p p l e -  
marked sandstone.  F loodp la in ,  c revasse - sp lay ,  and l e v e e  d e p o s i t s  a r e  
r epresen ted  by t h e  t h i c k  sequences o f  s h a l e ,  s i l t s t o n e ,  and f ine-gra ined 
sandstone a t  t h e  tops  of  t h e  cyc les .  



c y c l e s  a t  a d d i t i o n a l  p l a c e s  on t h e  eas t -west  t r e n d i n g  r i d g e ,  b u t  bad weather 
pe rmi t t ed  u s  t ime t o  measure only s e c t i o n s  A and B. 

S e c t i o n  A is about  36 m t h i c k  and c o n t a i n s  t h r e e  major i n d i v i d u a l l y  
d i s t i n c t i v e  major fining-upward c y c l e s .  The lower c y c l e ,  about  13 m t h i c k ,  is  
most c l e a r l y  f i n i n g -  and thinning-upward i n  c h a r a c t e r .  It c o n t a i n s  about  7 m 
o f  conglomerate and sandstone wi th  a maximum c l a s t  s i z e  o f  3 cm i n  i ts lower 
p a r t  and 6 m o f  maroon and black s h a l e  i n  its upper p a r t .  Two prominent beds  
o f  f ine-gra ined sandstone are p r e s e n t  i n  t h e  f l o o d p l a i n  d e p o s i t s  and probably  
r e p r e s e n t  crevasse-splay d e p o s i t s .  

The middle c y c l e  o f  s e c t i o n  A ,  about  11 m t h i c k ,  c o n t a i n s  a t h i c k  b a s a l  
amalgamated bed of conglomerate t h a t  is abou t  2 m t h i c k  and has  a maximum 
c l a s t  s i z e  o f  2 cm. The bed coarsens  upward i n  its lower 30 cm and then f i n e s  
a b r u p t l y  upward i n t o  8 m o f  maroon and b lack  s h a l e  t h a t  c o n t a i n s  t h r e e  t h i n  
ripple-marked and laminated beds o f  ve ry  f ine-gra ined sandstone.  

The upper c y c l e  of s e c t i o n  A is about  12 m t h i c k  and more complex i n  i t s  
i n t e r n a l  o r g a n i z a t i o n .  It coarsens  upward over  a 5 m t h i c k n e s s  be fo re  
a b r u p t l y  f i n i n g  upward t o  red s h a l e  and g reen  s i l t s t o n e .  The maximum c l a s t  
s i z e  is 3.5 cm i n  t h e  lower t h i n n e r  beds o f  conglomerate and 4 c m  i n  t h e  upper 
t h i c k e r  bed. The f l o o d p l a i n  sequence c o n s i s t s  o f  only 1.5 m o f  s h a l e .  

Westerly t r a n s p o r t  o f  sediments  is suggested on t h e  b a s i s  o f  two 
p a l e o c u r r e n t  measurements from t h e  lower c y c l e ,  none from t h e  middle c y c l e  
t h r e e  from t h e  upper c y c l e ,  and one from t h e  o v e r l y i n g  c y c l e  ( f i g .  7 ) .  The 
measurements i n c l u d e  t h r e e  trough-cross s t r a t a ,  two c l a s t  imbr ica t ion  and 
Long-axis o r i e n t a t i o n s ,  and one f l u t e  cast. 

S e c t i o n  B is abou t  52 m t h i c k  and c o n t a i n s  what we  b e l i e v e  a r e  t h e  same 
t h r e e  f in ing-  and thinning-upward c y c l e s .  The c y c l e s  a r e  r e l a t i v e l y  similar 
i n  c h a r a c t e r ,  wi th  t h e  lower c y c l e  having t h e  most c l e a r l y  developed f i n i n g -  
upward c h a r a c t e r ,  t h e  middle c y c l e  being t h e  t h i n n e s t  and c o n s i s t i n g  mostly o f  
a s i n g l e  coarse-gra ined bed,  and t h e  uppermost c y c l e  being most complex, 
c h a r a c t e r i z e d  i n  p a r t  by a coarsening-  and thickening-upward c h a r a c t e r  o f  t h e  
conglomerat ic  p a r t  o f  t h e  cyc le .  No p a l e o c u r r e n t s  were ob ta ined  from t h e  
c y c l e s  i n  s e c t i o n  B. 

The lower c y c l e  o f  s e c t i o n  B is about  26 m t h i c k  and has  a maximum c las t  
s i z e  o f  9 cm. It c o n s i s t s  o f  a lower 10 m o f  conglomerate and sandstone and 
an o v e r l y i n g  16 m of maroon s h a l e  t h a t  c o n t a i n s  t h r e e  prominent i n t e r b e d s  o f  
sandstone and s o i l  hor izons .  The lower in te rbedded  u n i t ,  about  12 m above t h e  
base  of t h e  s e c t i o n ,  c o n s i s t s  of t r o u g h - c r o s s - s t r a t i f i e d ,  f ine -  t o  medium- 
g ra ined  sandstone and may be a crevasse-splay d e p o s i t .  The two upper 
i n t e r b e d s  c o n s i s t  of f ine-gra ined sandstone and an orange pa leoso l .  

The middle c y c l e  o f  s e c t i o n  B is abou t  12 m t h i c k .  It c o n s i s t s  o f  a 
b a s a l  medium-grained sandstone t h a t  coa rsens  upward t o  conglomerat ic  sandstone 
wi th  a maximum clast  s i z e  o f  0.5 cm. The coarse-gra ined b a s a l  p a r t  o f  t h e  
c y c l e  is about  2 m t h i c k .  The o v e r l y i n g  maroon s h a l e  f l o o d p l a i n  sequence is 
about  10 m t h i c k ,  and c o n t a i n s  s e v e r a l  s o i l  hor izons  and t h i n  in terbedded 
u n i t s  o f  f ine -g ra ined ,  ripple-marked sandstone.  
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The upper c y c l e  o f  s e c t i o n  B is about  14 m t h i c k ,  b u t  c o n t a i n s  only  0.5 
o f  s h a l e  a t  its top.  The lower 6 m c o n s i s t s  o f  t h i n l y  in terbedded 
conglomerate ,  conglomerat ic  sands tone ,  and sandstone having a maximum c l a s t  
s i z e  o f  3 cm. The average bed o f  conglomerate i n  t h i s  p a r t  o f  t h e  c y c l e  is  
abou t  40 cm t h i c k  and t h e  sandstone i n t e r b e d s  a r e  c h a r a c t e r i z e d  by trough 
c r o s s - s t r a t a .  The upper 9 o f  t h e  c y c l e  c o n t a i n s  a maximum c l a s t  s i z e  o f  7 
cm and an average conglomerate bed t h i c k n e s s  of about  1 .I m ,  i n d i c a t i v e  of t h e  
coarsening-  and thickening-upward n a t u r e  o f  t h e  main p a r t  of t h i s  cyc le .  The 
t o p  o f  t h e  c y c l e  g rades  a b r u p t l y  from conglomerate wi th  c l a s t s  as large a s  4.5 
cm t o  c r o s s - s t r a t i f i e d  medium-grained sands tone  t h a t  is 0.25 m t h i c k  t o  maroon 
s h a l e .  

The eas t - to-west  changes w i t h i n  t h e  t h r e e  c y c l e s  a r e  complex. For t h e  
lower c y c l e ,  t h e  t h i c k n e s s  changes from 13 t o  26 m, maximum c l a s t  s i z e  from 3 
t o  9 cm, and conglomerate-plus-sandstone t o  s h a l e  r a t i o  from 1:l  t o  1:2.5. We 
t h u s  have a westward i n c r e a s e  i n  t h i c k n e s s ,  maximum c l a s t  s i z e  and amount of 
s h a l e ,  which is no t  wholly c o n s i s t e n t  wi th  expected changes i n  t h e  d i r e c t i o n  
of sediment t r a n s p o r t .  For t h e  middle c y c l e ,  t h e  t h i c k n e s s  s t a y s  t h e  same b u t  
t h e  maximum c l a s t  s i z e  d e c r e a s e s  westward and t h e  conglomerate-plus-sandstone 
t o  s h a l e  r a t i o  d imin i shes ,  which is what one would expec t  from westward 
t r a n s p o r t .  For t h e  upper c y c l e ,  t h e  t h i c k n e s s  i n c r e a s e s  from 12 t o  14 m,  t h e  
maximum c l a s t  s i z e  i n c r e a s e s  from 4 t o  7 cm, and t h e  conglomerate-plus- 
sandstone t o  s h a l e  r a t i o  i n c r e a s e s  s l i g h t l y  from west t o  e a s t .  

The two s e c t i o n s  t h u s  show v a r i a b l e  downcurrent changes i n  c y c l e  
t h i c k n e s s  and c h a r a c t e r ,  c l a s t  s i z e ,  and conglomerate-plus-sandstone t o  s h a l e  
r a t i o s .  No simple e x p l a n a t i o n s  f o r  t h e s e  changes,  i n  terms o f  w e s t e r l y  
t r a n s p o r t  o f  sediment by s t r eams ,  is apparen t .  The p o s s i b l e  o v e r a l l  t r a n s p o r t  
o f  sediment toward t h e  s o u t h e a s t  i n  t h i s  a r e a ,  as suggested by maximum c l a s t  
s i z e  and r e g i o n a l  p a l e o c u r r e n t  d a t a ,  may e x p l a i n  some o f  t h e  v a r i a b i l i t y .  
Addi t iona l  s t u d i e s  o f  t h i s  t y p e ,  e s p e c i a l l y  invo lv ing  three-dimensional  
a n a l y s e s  o f  c y c l e  v a r i a b i l i t y ,  are needed t o  unders tand major a s p e c t s  o f  
sediment d i s t r i b u t i o n  o f  t h e  Kanayut d e p o s i t i o n a l  system. 

Sha in in  Lake a r e a  

Lower s h a l e  member 

A complete s e c t i o n  o f  t h e  lower s h a l e  member o f  t h e  Kanayut Conglomerate 
was measured a long  t h e  southernmost s p u r  o f  an eas t - fac ing  r i d g e  n e a r  Ear 
Peak,  e a s t  o f  Sha in in  Lake ( s e c .  13,  T.13S., R.5E., t h e  Chandler Lake 
Quadrang le ) .  The s e c t i o n  o v e r l i e s  t h e  Hunt Fork Sha le  and u n d e r l i e s  t h e  
middle conglomerate member o f  t h e  Kanayut Conglomerate ( f i g .  8 ) ;  t h e  basal 
sandstone member was no t  recognized a t  t h i s  l o c a t i o n  by e i t h e r  Brosge and 
o t h e r s  (1979b) o r  us. 

The s e c t i o n  is 510 m t h i c k  and c o n s i s t s  of t h i r t y - f i v e  major f i n i n g -  
upward c y c l e s  t h a t  average 15 m i n  th ickness .  About 20 p e r c e n t  o f  t h e  s e c t i o n  
is covered.  The e n t i r e  sequence g e n e r a l l y  c o a r s e n s  upward as it approaches 
t h e  base o f  t h e  middle conglomerate member. Cycles t y p i c a l l y  begin  wi th  1 to -  
5-m-thick beds o f  conglomerate o r  conglomerat ic  sandstone o v e r l a i n  by trough- 
c r o s s - s t r a t i f i e d  o r  f l a t - s t r a t i f i e d  sandstone capped i n  some c y c l e s  by r i p p l e -  
marked s i l t s t o n e  and red s h a l e .  The base  o f  i n d i v i d u a l  c y c l e s  may be marked 
by e r o s i o n a l  scour  i n t o  t h e  under ly ing u n i t .  The amount o f  s h a l e ,  s i l t s t o n e ,  
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and f ine-gra ined sandstone d e c r e a s e s  upsec t i o n  as t h e  amount o f  coarse-gra ined 
sandstone and conglomerate i n c r e a s e s .  Rare burrows and p l a n t  f o s s i l s  a r e  
p r e s e n t  w i t h i n  beds o f  s h a l e  and f i n e  s i l t s t o n e  i n  t h e  lower h a l f  o f  t h e  
s e c t i o n .  

The boundary of t h e  lower s h a l e  member wi th  t h e  under ly ing  Hunt Fork 
Sha le  is t r a n s i t i o n a l  and marked by t h e  d isappearance o f  marine megafoss i l  
d e b r i s  and t h e  i n i t i a t i o n  o f  d i s t i n c t  fining-upward c y c l e s .  The first 
d i s t i n c t  fining-upward c y c l e ,  a t  an e l e v a t i o n  o f  4820 feet (1610 m) forms t h e  
boundary between t h e  two u n i t s .  We i n t e r p r e t  t h e  boundary t o  mark t h e  change 
upward from marine-dominated d e p o s i t i o n  t o  f luvia l -dominated depos i t ion .  The 
d i s t i n c t  fining-upward c y c l e s  r e s u l t  from l a t e r a l  and v e r t i c a l  a c c r e t i o n  o f  
meandering-stream channel  and po in t -ba r  d e p o s i t s .  Epsi lon c r o s s - s t r a t a  form 
i n c l i n e d  s u r f a c e s  t r a n s e c t i n g  t h e  v e r t i c a l  sequence and may r e p r e s e n t  t h e  
a c t u a l  i n c l i n e d  s u r f a c e s  o f  po in t -ba r s  w i t h i n  t h e  system. Upper point -bar  and 
f l o o d p l a i n  d e p o s i t s  c o n s i s t  o f  s h a l e  and ripple-marked s i l t s t o n e ,  wi th  t h i n  
i n t e r b e d s  of f ine-gra ined sandstone p o s s i b l y  r e p r e s e n t i n g  crevasse-splay 
d e p o s i t i o n .  

The c l a s t  composit ion approximate ly  320 m above t h e  base  o f  t h e  s e c t i o n  
is 87 p e r c e n t  c h e r t ,  11 p e r c e n t  q u a r t z ,  and 2 p e r c e n t  q u a r t z i t e .  The c l a s t  
composit ion 50 m below t h e  base  o f  t h e  middle member c o n s i s t s  of 82 p e r c e n t  
c h e r t ,  13 pe rcen t  q u a r t z ,  4 pe rcen t  q u a r t z i t e ,  and 1 p e r c e n t  a r g i l l i t e .  The 
maximum c l a s t  s i z e  ranges  from less than  1 cm n e a r  t h e  base  of t h e  lower s h a l e  
member t o  a maximum o f  13 cm j u s t  below t h e  base  o f  t h e  middle member. 

For ty-four  p a l e o c u r r e n t  measurements from t h e  lower s h a l e  member have a 
v e c t o r  mean and s t andard  d e v i a t i o n  of 2430 f 290. The measurements inc lude  19 
t rough c r o s s - s t r a t a ,  17 primary c u r r e n t  l i n e a t i o n s ,  3 f l u t e  c a s t s ,  2 t a b u l a r  
c r o s s - s t r a t a ,  and 2 s i t e s  o f  c l a s t  long-axis  o r i e n t a t i o n ,  and 1 o s c i l l a t i o n  
r i p p l e  marking. Because t h e  u n i d i r e c t i o n a l  i n d i c a t o r s  have a d i r e c t i o n  o f  
sediment t r a n s p o r t  toward t h e  southwest ,  b i d i r e c t i o n a l  i n d i c a t o r s  have been 
p r e f e r e n t i a l l y  a ss igned  a similar t r a n s p o r t  o r i e n t a t i o n .  

Middle conglomerate member 

A complete s e c t i o n  o f  t h e  middle conglomerate member o f  t h e  Kanayut 
Conglomerate was measured on t h e  prominent c l i f f  d i r e c t l y  south  of t h e  
i n t e r s e c t i o n  of Kayak Creek and Alapah Creek,  about  8 km south-southeas t  of 
S h a i n i n  Lake ( s e c .  33,  T.13S., R.5E., and s e c .  5 ,  T.I4S., R.5E., Chandler Lake 
Quadrangle) .  The s e c t i o n  is 526 m t h i c k  and i s  almost  complete ly  exposed, 
wi th  r e l a t i v e l y  l i t t l e  cover ( f i g .  9 ) .  Almost a l l  covered i n t e r v a l s  appear  t o  
be sandstone.  The s e c t i o n  is near  t h e  one measured by Bowsher and Dutro 
(1957). 

The s e c t i o n  is r e l a t i v e l y  uniform, c o n s i s t i n g  o f  t h i c k  beds o f  
conglomerate t h a t  f i n e  upward t o  conglomerat ic  sandstone and medium- t o  very  
coarse-gra ined sandstone.  S h a l e  is g e n e r a l l y  a b s e n t  excep t  f o r  some t h i n  
i n t e r v a l s  from 450 m t o  490 m above t h e  base  o f  t h e  s e c t i o n .  The c o a r s e s t  and 
most thick-bedded conglomerate is p r e s e n t  i n  t h e  middle p a r t  of t h e  s e c t i o n ,  
from 260 m t o  440 m above t h e  base.  Thinner bedded and f i n e r  g r a i n e d  
conglomerate wi th  g r e a t e r  amounts o f  in terbedded sandstone c h a r a c t e r i z e  t h e  
lower and upper p a r t s  o f  t h e  s e c t i o n  and mark t h e  t r a n s i t i o n  from t h e  lower 
s h a l e  member and t o  t h e  S tuver  Member, r e s p e c t i v e l y .  P a l e o c u r r e n t s  are 
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r e l a t i v e l y  uniform throughout t h e  s e c t i o n  and i n d i c a t e  west-southwesterly 
sediment t r a n s p o r t .  The mean and s t andard  d e v i a t i o n  o f  measurements o f  15 
l o c a l i t i e s  o f  c l a s t  long-axis  o r i e n t a t i o n  and i m b r i c a t i o n ,  2 of t a b u l a r  c r o s s -  
s t r a t a  and 1 o f  t rough c r o s s - s t r a t a  from t h e  s e c t i o n  is 24g0 A 250a 

The conglomerate beds t y p i c a l l y  have e r o s i o n a l  bases  c h a r a c t e r i z e d  by 
c o a r s e r  conglomerate r e s t i n g  on f i n e r  conglomerate,  conglomerat ic  sands tone ,  
sands tone ,  o r  s h a l e .  The conglomerate beds a r e  most commonly massive and 
c h a r a c t e r i z e d  by normal s i z e  g r a d i n g  o f  conglomerate c l a s t s ;  well-developed 
i m b r i c a t i o n ,  and c l a s t  long-axis o r i e n t a t i o n .  The mat r ix  c o n s i s t s  o f  f i n e r  
conglomerate and sandstone.  Clas t -suppor ted  conglomerate is most ' t y p i c a l ,  
a l though  i n  f i n e r  g ra ined  conglomerate and conglomerat ic  sands tone ,  matrix- 
suppor ted conglomerate is common. However, t h e  mat r ix  is never mud-rich and 
t h e r e  is no i n d i c a t i o n  o f  sediment t r a n s p o r t  and d e p o s i t i o n  by d e b r i s  f lows o r  
r e l a t e d  processes--a l l  coarse-grained d e p o s i t s  appear  t o  have r e s u l t e d  from 
s t reamflow processes .  

F i n e r  conglomerate t y p i c a l l y  has  p a r a l l e l  s t r a t i f i c a t i o n ,  poor ly  
developed and marked by i n t e r l a y e r i n g  o f  c o a r s e r  and f i n e r  conglomerate.  
Large- and medium-scale t rough c r o s s - s t r a t a  and p l a n a r  c r o s s - s t r a t a  a r e  
p r e s e n t  i n  t h e  upper p a r t s  o f  some conglomerate beds ,  b u t  a r e  most 
c h a r a c t e r i s t i c  o f  t h e  conglomerat ic  sandstone and sandstone u n i t s  t h a t  r e s t  
wi thou t  e r o s i o n a l  s c o u r  on t h e  lower beds o f  massive conglomerate.  

The fining-upward sequences o f  conglomerate t o  sandstone o r  s h a l e  average 
abou t  2-3 m i n  t h e  lower 260 q o f  t h e  s e c t i o n ,  abou t  7 m i n  t h e  middle 180 m ,  
and about  4 m i n  t h e  upper 90 m. The sequences record  s t r eam d e p o s i t i o n ,  most 
l i k e l y  t h a t  o f  a broad b r a i d p l a i n ,  i n  which b r a i d e d  s t reams t r a n s p o r t i n g  very  
c o a r s e  d e b r i s  spread o u t  over  a broad aggrading d e p o s i t i o n a l  s u r f a c e .  There 
is no evidence f o r  d e p o s i t i o n  by meandering s t r eams  and no i n d i c a t i o n  f o r  t h e  
development a i  fining-upward point -bar  c y c l e s .  The l ack  o f  s i g n i f i c a n t  
t h i c k n e s s e s  o f  s h a l e  i n d i c a t e s  t h a t  f ine-gra ined f l o o d p l a i n  d e p o s i t s  d i d  n o t  
develop.  The massive and p a r a l l e l - s t r a t i f i e d  b a r s  o f  conglomerate probably 
r e p r e s e n t  l o n g i t u d i n a l  g r a v e l  b a r s  developed on t h e  b r a i d p l a i n .  The trough- 
c r o s s - s t r a t i f i e d  and p l a n a r  c r o s s - s t r a t i f i e d  beds probably r e p r e s e n t  
t r a n s v e r s e  b a r s  and dunes a s  w e l l  as d e p o s i t i o n  on t h e  downstream f l a n k s  of 
t h e  l o n g i t u d i n a l  b a r s .  The t h i n  s h a l e  i n t e r v a l s  i n  t h e  upper p a r t  o f  t h e  
s e c t i o n  probably  r e p r e s e n t  d rapes  o f  mud depos i t ed  over  t h e  b a r s  dur ing  pos t -  
f lood ing  lowering o f  s t ream l e v e l s .  I n  most o f  t h e  s e c t i o n s ,  t h e s e  mud 
d rapes ,  i f  d e p o s i t e d ,  were probably  eroded away b e f o r e  o r  dur ing  d e p o s i t i o n  of 
t h e  over ly ing  bed o f  conglomerate.  

Anaktuvuk Pass area 

Middle conglomerate member, Anaktuvuk River  

A p a r t i a l  s e c t i o n  o f  t h e  middle conglomerate member o f  t h e  Kanayut 
Conglomerate was measured on t h e  e a s t  flank o f  t h e  Anaktuvuk River Val ley  
(NW1/4, T.14S.,R.3E., Chandler Lake Quadrangle) .  The member strikes west- 
nor thwest  and d i p s  south  a t  a low a n g l e ,  forming low benches on t h e  s i d e  o f  
t h e  v a l l e y  f l o o r .  The s e c t i o n  is 162 m t h i c k  and is incomplete ,  wi th  n e i t h e r  
a lower c o n t a c t  wi th  t h e  lower s h a l e  member o r  an upper c o n t a c t  wi th  t h e  
S t u v e r  Member exposed ( f i g .  10) .  The measured s e c t i o n  probably  forms a 
p o r t i o n  o f  t h e  middle and upper p a r t s  o f  t h e  middle conglomerate member. 



The s e c t i o n  c o n s i s t s  predominantly o f  g r a y  t o  buff-colored conglomerate 
and conglomerat ic  medium- t o  very  coarse-gra ined sandstone.  Fine-grained 
sandstone is uncommon, s i l t s t o n e  r a r e ,  and s h a l e  absen t .  The conglomerate 
forms l e n t i c u l a r  beds t h a t  are c h i e f l y  c las t - suppor ted  and as t h i c k  as 4.3 
m. C l a s t s  are moderately we l l  s o r t e d ,  rounded, and a s  l a r g e  as 23 cm i n  
maximum dimension. 

Conglomerate forms t h e  lower p a r t  o f  c o u p l e t s  t h a t  a r e  c h a r a c t e r i z e d  by 
an upward dec rease  i n  g r a i n  s i z e  and bed t h i c k n e s s .  The maximum 
c o u p l e t  t h i c k n e s s  is 6.7 m. The upper p o r t i o n s  o f  c o u p l e t s  c o n s i s t  o f  
mass ive ,  low-angle, and p l a n a r  o r  t r o u g h - c r o s s - s t r a t i f i e d  sandstone.  
Noncyclic amalgamated beds o f  sandstone o r  conglomerate and r a r e  coarsening-  
upward sands tone  bodies  are a l s o  p r e s e n t  i n  t h e  s e c t i o n .  

The s e c t i o n  was probably depos i t ed  by low s i n u o u s i t y  b ra ided  r i v e r s .  The 
conglomerate and sandstone c o u p l e t s  probably  r e s u l t e d  from a c c r e t i o n a r y  
p rocesses  r e l a t e d  t o  t h e  growth and migra t ion  o f  l o n g i t u d i n a l  and t r a n s v e r s e  
ba r s .  C r o s s - s t r a t i f i e d  sandstone probably  formed by migra t ion  of dunes on t h e  
t o p s  o f  t h e  l a r g e r  ba r s .  Maximum coup le t  s i z e  may provide  a rough i n d i c a t o r  
o f  paleof low depth dur ing bankfu l l  d i scharge .  Pa leoso l  development i n d i c a t e s  
p e r i d s  o f  bar emergence. 

Twenty-one pa leocur ren t  measurements were ob ta ined  from t h e  s e c t i o n  
( e i g h t  are not shown i n  Fig. 10, because t h e i r  e x a c t  s t r a t i g r a p h i c  p o s i t i o n  is 
no t  known) i n c l u d i n g  9 o f  c l a s t  imbr ica t ion  and long-axis  o r i e n t a t i o n ,  6 o f  
t a b u l a r  c r o s s - s t r a t a ,  5 o f  trough c r o s s - s t r a b  and 1 f l u t e  c a s t .  The mean and 
s t a n d a r d  d e v i a t i o n  o f  a l l  measurements a r e  233 * 50'. 
Kanayut Conglomerate, John River  

An almost  complete s e c t i o n  o f  g e n t l y  d ipp ing  Kanayut Conglomerate was 
measured a long  a r i d g e  ex tend ing  eastward from Ekokpuk Mountain t o  t h e  f l o o r  
o f  t h e  John River  Val ley  (SW1/4, T.37N., R.20W., Wiseman Quadrang le ) .  This 
s e c t i o n  is t h e  southernmost one measured and t o t a l s  697 m i n  t h i c k n e s s .  
Toward t h e  sou th  and west, the Kanayut Conglomerate i n  g e n e r a l  becomes f i n e r  
g r a i n e d  and t h e  middle conglomerate member becomes more sand-r ich  and dep le ted  
i n  conglomerate. A s  a r e s u l t ,  t h e  members o f  t h e  Kanayut become more poor ly  
de f ined  i n  t h i s  a r e a .  I n  t h i s  s e c t i o n  t h e  upper and lower p a r t s  c o n t a i n  
abundant s h a l y  i n t e r v a l s  which a r e  commonly expressed as covered i n t e r v a l s .  
We t h e r e f o r e  t e n t a t i v e l y  a s s i g n  t h e  lower 119 m to  t h e  lower s h a l e  member, t h e  
o v e r l y i n g  403 m to t h e  middle conglomerate member, t h e  next  175 t o ,  t h e  S tuver  
Member, and t h e  upper 10 m to t h e  b a s a l  sandstone member of  t h e  Kayak Sha le  
( f i g .  11).  

The under ly ing Hunt Fork Sha le  c rops  o u t  i n  t h e  v a l l e y  a t  an e l e v a t i o n  o f  
f t  (715 m) and t h e  first ou tc rops  o f  t h e  Kanayut are found a t  2600 f t  
m )  on t h e  r i d g e .  The i n t e r v a l  between t h e  two ou tc rops  is covered,  b u t  

topographic  e x p m s s i o n  s u g g e s t s  t h a t  t h e  c o n t a c t  between t h e  units is j u s t  
below t h e  first Kanayut exposures .  There is ,  however, a p o s s i b i l i t y  t h a t  a s  
much a s  140 m o f  t h e  lower s h a l e  member o f  t h e  Kanayut l i e  below t h e  i n f e r r e d  
c o n t a c t  and were no t  measured. Nei ther  we nor Brosge and o t h e r s  (1979b) 
recognized t h e  b a s a l  sandstone i n  t h i s  s e c t i o n .  

The lower shale member c o n s i s t s  o f  e leven f i n i n g -  and thinning-upward 
c y c l e s  i n t e r p r e t e d  as t h e  l a t e r a l  and v e r t i c a l  a c c r e t i o n  d e p o s i t s  of  



Grain Size 
---- cm- 

20 10 5 .2 m ah 

Grain Size 
i---cm--- 
20 10 5 "2 m a  sh - 



Grain Size 



T h i r t y  pa leocur ren t  measurements, c o n s i s t i n g  of 28 trough c r o s s - s t r a t a  
and 2 t a b u l a r  c r o s s - s t r a t a  were measured and i n d i c a t e  sediment t r a n s p o r t  
toward t h e  southwest.  The mean and s tandard  d e v i a t i o n  o f  15 measurements from 
t h e  lower s h a l e  member a r e  2390 a 180 whereas t h e  mean and s tandard  d e v i a t i o n  
of 8 and 7 measurements from t h e  middle conglomerate and S tuver  members a r e  
more w e s t e r l y  -- 271° 15O and 2650 + 480, r e s p e c t i v e l y *  The mean and 
s tandard  d e v i a t i o n  o f  a l l  30 measurements from t h e  s e c t i o n  a r e  253 * 300. 

Mount MacVicar a r e a  

Lower s h a l e  member 

A complete s e c t i o n  o f  t h e  lower s h a l e  member o f  t h e  Kanayut Conglomerate 
was measured a long a west-trending r i d g e  on t h e  s o u t h e a s t  s i d e  o f  Mount 
MacVicar (T. 15S., R.3W., Chandler Lake Quadrangle) .  The lower s h a l e  member is 
260 m t h i c k ,  conformably o v e r l i e s  marine strata of t h e  basal sandstone member 
o f  t h e  Kanayut Conglomerate, and is o v e r l a i n  by t h e  middle conglomerate member 
o f  t h e  Kanayut Conglomerate ( f i g .  12). There is no apparen t  i n t e r f i n g e r i n g  
between t h e  lower s h a l e  member and t h e  b a s a l  sandstone member. 

The s e c t i o n  c o n s i s t s  o f  18 fining-upward c y c l e s  i n f e r r e d  t o  have been 
depos i t ed  by meandering r i v e r s .  The c y c l e s  range from 12 t o  29 m i n  
th ickness .  The c o a r s e s t  c y c l e s  t y p i c a l l y  c o n t a i n  massive o r  c rude ly  
s t r a t i f i e d  conglomerate a t  the base, o v e r l a i n  by trough- c r o s s - s t r a t i f i e d  
f ine-  t o  coarse-grained sandstone,  ripple-marked f ine -  t o  very fine-grained 
sands tone ,  and laminated very f ine-grained sandstone,  s i l t s t o n e ,  and s h a l e .  
Coarser g ra ined  lower p a r t s  o f  c y c l e s  c o n t a i n  m u l t i p l e  fining-upward sequences 
separa ted  by e r o s i o n a l  s u r f a c e s .  The coarse-grained f a c i e s  a r e  i n t e r p r e t e d  t o  
be r i v e r  channel and lower p o i n t  b a r  d e p o s i t s  and f ine-grained f a c i e s  t o  be 
upper p o i n t  b a r ,  l e v e e ,  and f l o o d p l a i n  d e p o s i t s .  I n t e r s p e r s e d  w i t h i n  f ine -  
g ra ined  i n t e r v a l s  a r e  some massive o r  t h i c k l y  bedded bod ies  o f  f ine-grained 
sandstone i n t e r p r e t e d  t o  be crevasse-splay d e p o s i t s .  

The beds o f  conglomerate a r e  as t h i c k  a s  3.25 m and t h e  maximum c l a s t  
s i z e  is 5 cm. The amount o f  conglomerate i n c r e a s e s  upsec t ion  toward t h e  
c o n t a c t  wi th  t h e  middle conglomerate member. The two lowest  c y c l e s  c o n t a i n  
t h e  g r e a t e s t  t h i c k n e s s  of f l o o d p l a i n  d e p o s i t s  and c o n t a i n  abundant fragments 
of p l a n t  f o s s i l s .  

Pa leocur ren t  measurements a r e  f a i r l y  c o n s i s t e n t  throughout t h e  s e c t i o n  
and i n d i c a t e  westward sediment t r a n s p o r t .  Two measurements a t  about 85 m 
above t h e  base of t h e  s e c t i o n  i n d i c a t e  southeastward sediment t r a n s p o r t .  The 
mean and s tandard d e v i a t i o n  f o r  16 measurements o f  trough c r o s s - s t r a t i f i c a t i o n  
and 1 o f  t a b u l a r  c r o s s - s t r a t i f i c a t i o n  i n  t h e  s e c t i o n  are 2610 , 570, 

Okokmilaga Val ley a r e a  

Lower s h a l e  member 

A very  t h i c k  and complex fining-upward c y c l e  i n  t h e  lower s h a l e  member o f  
t h e  Kanayut Conglomerate was measured a long a r i d g e  f l a n k  nor th  of Kikoyat 
Creek on t h e  west s i d e  of t h e  Okokmilaga River ( s e c .  1 9 ,  T.34N., R.5W., K i l l i k  
River Quadrangle) .  The fining-upward c y c l e  is 37 m t h i c k  and c o n s i s t s  o f  
a l t e r n a t i n g  beds of conglomerate and sandstone,  bounded above and below by 
s h a l e  ( f i g .  13).  The t h i c k  c y c l e  is important because ( 1 )  it has  been mapped 
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extens ive ly  between the K i l l i k  and Okokmilaga Rivers i n  the  c e n t r a l  Brooks 
Range a s  a marker u n i t  ( u n i t  Dklm of  Brosge and o the r s ,  1979b), (2) it has 
been measured i n  s eve ra l  o ther  s ec t i ons  of  the lower s h a l e  member, and (3) i t  
appears t o  form a co r r e l a t ab l e  u n i t ,  and ( 4 )  it forms a p a r t l y  marine cycle .  
Scol i thus- type burrows have been observed i n  the  a r ea  where the  present  
s ec t i on  was measured and i n  other  a r ea s  where t he  t h i ck  cycle  has been 
observed. 

I n  the  measured sec t ion  along Kikoyat Creek, a s e r i e s  of  fining-upward 
subcycles of conglomerate and c r o s s - s t r a t i f i e d  sandstone comprise t he  l a r g e r  
cycle .  The subcycles a r e  bounded by th ick  sandstone beds t h a t  a r e  present  a t  
t h e  following i n t e r v a l s  above the  base of  t he  cycle:  7 m ,  13 m ,  20 m ,  27 m,  
and 35 m. These sandstone u n i t s  are a s  t h i ck  as 3 m and contain trough cross-  
s t r a t a .  The conglomeratic beds a r e  massive, p a r a l l e l - s t r a t i f i e d ,  o r  cross-  
s t r a t i f i e d ,  and do not genera l ly  form well-defined fining-upward components of  
t he  subcycles.  The maximum c l a s t  s i z e  measured was 3 cm and c l a s t s  of  t h i s  
s i z e  a r e  found throughout the  s ec t i on ,  suggesting t h a t  the  sec t ion  does not  
form an o v e r a l l  fining-upward cycle.  Although no marine t r a c e  f o s s i l s  were 
found in the  measured sec t ion ,  Scol i thus- type t r a c e  f o s s i l s  a r e  present  i n  the  
cycle  s eve ra l  t ens  of meters t o  the  e a s t  and west of t he  l i n e  of sec t ion .  

Paleocurrents  from the th ick  cycle  i nd i ca t e  va r i ab l e  t r anspo r t  toward the  
west and south. We measured 16 paleocurrent  i n d i c a t o r s  ( 5  a r e  not  shown i n  
f i g .  13 because t h e i r  exact  s t r a t i g r a p h i c  pos i t i on  is not known), including 
p lanar  and t abu la r  c ros s - s t r a t a ,  c l a s t  imbricat ion and long-axis o r i e n t a t i o n s ,  
and primary cu r r en t  l i nea t ion .  The mean and standard devia t ion  of the 
measurements a r e  2350 + 650. The va r i ab l e  na ture  of the  paleocurrents  may 
r e f l e c t  intermixing of the f l u v i a l  t r anspo r t  and shallow-marine t r anspo r t  i n  
the  cycle .  

We be l ieve  t h a t  the th ick  mappable cyc le  i n  the  lower p a r t  of  the  lower 
sha l e  member represen ts  a marine incursion during deposi t ion of t he  dominantly 
f l u v i a l  lower sha l e  member. The u n i t  may be recognizable as f a r  e a s t  as the 
Atigun River ( f i g .  3 ) .  P a r t s  of t he  s ec t i on  t h a t  contain well-sorted 
sandstone, l a t e r a l l y  extensive single-pebble-thick l a y e r s  of conglomerate, and 
var iab ly  or iented medium-scale c ros s - s t r a t a  a l s o  argue f o r  a marine r a t h e r  
than f l u v i a l  o r ig in .  I n  the lower p a r t  of the  measured sec t ion ,  about 6 m 
above the  base,  is a prominent recumbently folded bed of  medium- t o  coarse- 
grained sandstone with fluid-escape s t r u c t u r e s .  The fo ld s  suggest slumping i n  
a d i r e c t i o n  of 2780. Small-scale syndeposi t ional  f o l d s  of t h i s  na ture  have 
not been observed i n  f l u v i a l  p a r t s  of  the  Kanayut sequence and may a l s o  argue 
f o r  a marine or ig in .  

S tuver  Member 

A well-exposed and complete s ec t i on  of  the  Stuver  Member of the  Kanayut 
Conglomerate was measured along a r idge  c r e s t  west of  t he  Okokmilaga River 
( sec.  8 ,  T.33N., R25E., K i l l i k  River Quadrangle) . The west-dipping member 
crops out  i n  a saddle  west of  a prominent r idge  formed by the  top of t he  
middle conglomerate member a t  the base of the  sec t ion .  Ind iv idua l  r e s i s t a n t  
beds of  t he  Stuver  Member form topographic r i dges  within the  sec t ion .  

Approximately 162 m of sec t ion  were measured, with covered i n t e r v a l s  
t o t a l l i n g  only 5 percent ( f i g .  14). The.wel1-defined boundary with t h e  
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Creeks (SE 1/4, T.33.N, R.20E., K i l l i k  River Quadrangle).  The sec t ion  crops 
out  on the  southern flank of an east- t rending a n t i c l i n e  and probably inc ludes  
a l l  of the  lower sha l e  member and most of  the middle conglomerate member (fig. 
15). The upper p a r t  of  t he  s ec t i on  is truncated by t h e  Toyuk Thrust and is 
poorly exposed. A s  a r e s u l t ,  a l l  of  the  Stuver Member and a t  l e a s t  p a r t  of 
the  middle conglomerate member a r e  probably cu t  out .  The lower 240 m of t h e  
measured sec t ion  is assigned t o  the lower sha l e  member and the  upper 530 m t o  
t he  middle conglomerate member. The middle conglomerate member i n  t he  K i l l i k  
River area is f i n e r  grained and r i c h e r  i n  sandstone compared t o  a r ea s  f a r t h e r  
north and e a s t  making it less e a s i l y  d i s t inguished  from the  underlying and 
overlying un i t s .  We placed the  boundary between the  lower sha l e  member and 
middle conglomerate member a t  the top of  the  s t r a t i g r a p h i c a l l y  highest  s h a l e  
u n i t  t h i cke r  than 2 m. 

The lower 240 m of  the sec t ion  c o n s i s t s  of  interbedded conglomerate and 
sandstone with p a r t l y  covered in te rvening  i n t e r v a l s  of  fine-grained sandstone, 
s i l t s t o n e ,  and sha le .  S t r a t a  below the  base of  the  measured sec t ion  a r e  no t  
exposed, but topographic expression and p ro j ec t i on  of the  base of  t he  s ec t i on  
along s t r i k e  t o  the  northwest s t rongly  suggests  t h a t  t he  lowest outcrop marks 
t he  contac t  between t h e  Hunt Fork Shale and the  lower sha l e  member of the  
Kanayut Conglomerate. The basa l  sandstone member of  the  Kanayut Conglomerate 
is not present .  The basa l  4 m of  t he  s ec t i on  c o n s i s t s  of a coarsening-upward 
cyc le  of  c r o s s - s t r a t i f i e d  medium-grained sandstone t o  pebble conglomerate. 
This cycle  d i f f e r s  from those higher  i n  t he  s ec t i on  and we  i n t e r p r e t  it t o  be 
t he  top of  the marine Hunt Fork Shale.  

The overlying lower sha l e  member of the  Kanayut c o n s i s t s  of  12 f in ing-  
upward cyc les  which are about 25-30 m th ick  near the  base and 15-20 m t h i ck  
near the  top. The lower p a r t s  of the cyc les  cons i s t  of  massive, crudely 
p a r a l l e l - s t r a t i f i e d  o r  c r o s s - s t r a t i f i e d  pebble conglomerate and conglomeratic 
sandstone t h a t  is channeled i n t o  the  underlying cycles .  The coarse-grained 
u n i t s  contain c l a s t s  a s  l a r g e  as 5 cm and have numerous th inner  fining-upward 
sequences t h a t  a r e  separated by e ros iona l  surfaces .  The coarse-grained basa l  
p a r t s  of  the  cyc les  grade upward i n t o  trough c r o s s - s t r a t i f i e d ,  p a r a l l e l -  
s t r a t i f i e d ,  o r  massive medium- t o  coarse-grained sandstone. The upper p a r t s  
of t he  cycles  a r e  mostly poorly exposed, but  some outcrop and f l o a t  show t h a t  
they cons i s t  of brown to  black,  ripple-marked and laminated fine-grained 
sandstone, sil t s tone  and sha le .  The fine-grained upper p a r t s  of cyc les  
decrease i n  thickness  upward from 10-20 m near the  base t o  5-10 m near the  top 
of the  lower sha l e  member. 

The fining-upward cyc les  of  the  lower s h a l e  member a r e  i n t e rp re t ed  t o  
represent  the  l a t e ra l  and v e r t i c a l  accre t ion  depos i t s  of meandering r i v e r s .  
The coarse-grained basa l  p a r t s  of the cyc les  a r e  i n f e r r ed  t o  be channel and 
lower point-bar depos i t s  and the  fine-grained upper p a r t s  t o  be upper point-  
b a r ,  levee and f loodpla in  depos i t s .  Scolithus-type burrows in f l o a t  50 m 
above the  base,  however, may ind i ca t e  t h a t  t he  fine-grained p a r t s  of some 
cyc les  contain marine depos i t s .  A marine o r i g i n  f o r  some s t r a t a  may a l s o  be 
ind ica ted  by small-scale recumbent f o l d s  which occur i n  very fine-grained 
sandstone 105 m above the  base of  the sec t ion .  

Conglomerate-sandstone couplets  predominate in the  lower p a r t  of t h e  
middle conglomerate member. The couple t s  cons i s t  of massive t o  tabular  cross-  
s t r a t i f i e d  beds of conglomerate t h a t  contain c l a s t s  a s  l a rge  a s  4 cm and were 
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were a b l e  t o  more e a s i l y  sample l a r g e  t h i c k n e s s  o f  s t r a t i g r a p h i c  s e c t i o n  f o r  
t h e  l a r g e s t  c l a s t  con ta ined  i n  t h e i r  conglomerat ic  strata. However, t h e  map 
d i s t r i b u t i o n  o f  maximum c l a s t  s i z e s  must s t i l l  be i n t e r p r e t e d  c a u t i o u s l y  wi th  
regard  t o  paleogeography because of t h e  presence of  s i g n i f i c a n t  amounts of 
s t r u c t u r a l  s h o r t e n i n g ,  inc lud ing  a t  l e a s t  t h r e e  major t h r u s t  f a u l t s  w i t h i n  t h e  
outcrop b e l t .  Never the less ,  s e v e r a l  major conc lus ions  can be drawn from t h e  
a v a i l a b l e  d a t a .  

We have compiled a map of maximum c l a s t  s i z e  d a t a  from t h e  Kanayut 
Conglomerate c o l l e c t e d  dur ing  t h e  1978, 1979 and t h e  1980 f i e l d  seasons  ( f i g .  
16) .  The 1980 d a t a  were c o l l e c t e d  p r i m a r i l y  between t h e  K i l l i k  River and t h e  
Sagavanirktok River .  The middle conglomerate member g e n e r a l l y  c o n t a i n s  t h e  
l a r g e s t  clasts and we c o l l e c t e d  most d a t a  from it. 

The l a r g e s t  c l a s t s  we observed i n  t h e  Kanayut Conglomerate a r e  23 cm i n  
l e n g t h  and a r e  l o c a t e d  near  Sha in in  Lake. To t h e  west and sou th  o f  Sha in in  
Lake, t h e  c l a s t  s i z e  d e c r e a s e s  r e g u l a r l y  and d r a m a t i c a l l y .  Conglomerate is  
r a r e  i n  t h e  Kanayut n o r t h  o f  t h e  Noatak River ,  demonstra t ing a marked westward 
dec rease  i n  c l a s t  s i z e  away from S h a i n i n  Lake. C l a s t  s i z e  a l s o  d e c r e a s e s  
s o u t h e a s t  o f  Sha in in  Lake, as f a r  e a s t  a s  t h e  long i tude  o f  t h e  Canning River ,  
where t h e  l a r g e s t  c l a s t s  are 5 cm i n  s i z e .  The d i s t r i b u t i o n  of dec reas ing  
c l a s t  s i z e s  around t h e  Sha in in  Lake reg ion  s u g g e s t s  t h a t  it may mark an e n t r y  
s i t e  o f  a major t runk system i n t o  t h e  Kanayut d e p o s i t i o n a l  bas in .  

A second major t runk  system may be i n d i c a t e d  by t h e  c l a s t  s i z e  d a t a  i n  
t h e  nor the rn  and e a s t e r n  ou tc rops  o f  t h e  Kanayut. Clast s i z e s  i n  t h a t  r eg ion  
dec rease  from a maximum o f  10 cm i n  t h e  nor theas te rmos t  ou tc rops  t o  l e s s  than 
5 cm i n  t h e  Arctic V i l l a g e  a r e a .  Th i s  d i s t r i b u t i o n  of c l a s t  s i z e s  s u g g e s t s  
t h a t  sediment d i s p e r s a l  in t h e  e a s t e r n  p a r t  o f  t h e  Kanayut was from n o r t h e a s t  
t o  southwest .  

The p a t t e r n  o f  sediment d i s p e r s a l  is apparen t  from a con tour  map o f  c l a s t  
s izes  ( f i g .  17).  Th i s  map is drawn from t h e  in fo rmat ion  p resen ted  i n  f i g u r e  
16 and shows t h e  wel l -def ined maximums of c l a s t  sizes i n  t h e  Sha in in  Lake a r e a  
and i n  t h e  nor theas ternmost  ou tc rops .  The geometry o f  t h e  contour  l i n e s  
around t h e s e  c l a s t  s i z e  maximums i n d i c a t e s  t h a t  sediment t r a n s p o r t  i n  both  
systems was p r i m a r i l y  toward t h e  southwest .  

A t h i r d  maximum appears  t o  be p r e s e n t  a long t h e  n o r t h e r n  s i d e  o f  t h e  
ou tc rop  b e l t  near  t h e  Sagavanirktok River.  It may r e p r e s e n t  a t h i r d  s i t e  o f  
e n t r y  o f  a major r i v e r  system i n t o  t h e  Kanayut d e p o s i t i o n a l  system. The 
minimal bowing o f  t h e  contour  l i n e s  sou th  o f  t h i s  t h i r d  c l a s t - s i z e  maximum may 
i n d i c a t e  t h a t  it r e p r e s e n t s  a s m a l l e r  d i s t r i b u t a r y  system than t h e  Sha in in  
Lake and n o r t h e a s t e r n  systems.  I n  a d d i t i o n ,  t h e  o r i e n t a t i o n  o f  the con tour  
l i n e s  s u g g e s t s  t h a t  sediment t r a n s p o r t  was mostly s o u t h e r l y  r a t h e r  than 
sou thwes te r ly  i n  t h i s  p o s s i b l e  d i s t r i b u t a r y  system. 

CONGLOMERATE CLAST COMPOSITION 

I n t r o d u c t i o n  

Ni lsen and o t h e r s  (1980a,  I98Ob) determined t h e  c l a s t  composit ion of 79 
beds o f  conglomerate from t h e  Kanayut Conglomerate and a s s o c i a t e d  u n i t s  from 





a l l  b u t  two of t h e  conglomerates sampled c o n t a i n  more than  80 p e r c e n t  c h e r t ,  
ve in  q u a r t z ,  q u a r t z i t e ,  and q u a r t z i t e  conglomerate,  and on ly  f i v e  samples 
c o n t a i n  l e s s  than 90 pe rcen t  of t h e s e  c o n s t i t u e n t s .  The second t e r n a r y  
diagram has ve in  q u a r t z ,  q u a r t z i t e  and c h e r t  as p o l e s  and i l l u s t r a t e s  t h e  
predominance o f  c h e r t  i n  most o f  t h e  pebble  c o u n t s  from t h e  Kanayut 
Conglomerate (fig. 19) .  S e v e r a l  pebble  coun t s  p l o t  a t  t h e  middle p a r t  o f  t h e  
v e i n  quar tz -cher t  j o i n  away from t h e  main c l u s t e r  of d a t a .  We cannot e x p l a i n  
t h e s e  v a r i a t i o n s ,  which appear  t o  be random. 

We have p l o t t e d  c l a s t  s i z e  v e r s u s  pe rcen t  o f  each c l a s t  l i t h o l o g y  f o r  t h e  
combined 1978, 1979, and 1980 pebble  count data from t h e  Kanayut Conglomerate 
( f i g .  20). This  diagram aga in  shows t h a t  t h e  Kanayut is r i c h  i n  c h e r t  and 
t y p i c a l l y  c o n t a i n s  a  moderate amount o f  ve in  q u a r t z  and q u a r t z i t e .  It a l s o  
shows t h a t  t h e r e  is a c o n s i s t e n t  r e l a t i o n s h i p  between p e r c e n t  o f  q u a r t z i t e  
c l a s t s  and c l a s t  s i z e  ( f i g .  20C). Coarser  p a r t s  o f  t h e  Kanayut Conglomerate 
a r e  enr iched  i n  q u a r t z i t e .  Our s e l e c t i v e  pebble  count o f  only  those  c l a s t s  
l a r g e r  than  7 cm i n  l o n g e s t  dimension c o n t a i n s  67 p e r c e n t  q u a r t z i t e  p l u s  
q u a r t z i t e  conglomerate,  s t r o n g l y  sugges t ing  t h a t  q u a r t z i t e  and q u a r t z i t e  
conglomerate c l a s t s  a r e  more abundant i n  t h e  c o a r s e r  f r a c t i o n s  o f  t h e  
conglomerate.  The enrichment o f  q u a r t z  i n  t h i s  pebble  count is a t  t h e  expense 
o f  c h e r t  (18 p e r c e n t ) ,  s u g g e s t s  t h a t  t h e r e  is l e s s  c h e r t  i n  c o a r s e r  
conglomerate.  However, t h i s  r e l a t i o n a h i p  is n o t  seen i n  t h e  c l a s t  s i z e  v e r s u s  
p e r c e n t  of c h e r t  diagram (fig. 2081, perhaps  sugges t ing  t h a t  provenance p l a y s  
a dominant r o l e  i n  determining t h e  abundance o f  c h e r t  in f i n e r  conglomerates.  

The 1980 pebble-count d a t a  from t h e  Kanayut Conglomerate p l o t  w i t h i n  t h e  
f i e l d s  f o r  t h e  Kanayut shown i n  t h e  v a r i o u s  diagrams p rev ious ly  r e p o r t e d  by 
Ni lsen and o t h e r s  (1981a) and a r e  comparable wi th  t h e  e a r l i e r  d a t a  i n  every  
r e s p e c t .  We sugges t  t h a t  t h i s  g e n e r a l l y  c o n s i s t e n t  conglomerate composit ion 
throughout t h e  very  e x t e n s i v e  Kanayut d e p o s i t i o n a l  system i n d i c a t e s  t h a t  t h e  
Kanayut d e t r i t u s  was probably de r ived  from a s i n g l e  major source  t e r r a n e .  

Kayak Sha le  

Rare conglomerate in t h e  Kayak S h a l e  is t y p i c a l l y  a s s o c i a t e d  wi th  
shallow-marine sandstone bod ies  i n  its b a s a l  sandstone.  Two pebble  coun t s  
from conglomerate o f  t h e  b a s a l  sandstone member o f  the Kayak Sha le  were made 
a t  one l o c a t i o n  south  o f  G a l b r a i t h  Lake a t  t h e  top  o f  measured s e c t i o n  o f  t h e  
S t u v e r  Member ( f i g .  6 )  dur ing  t h e  1980 f i e l d  season (Tab le  1) .  These coun t s  
sugges t  t h a t  t h e  conglomerate o f  t h e  basal sandstone member of t h e  Kayak 
S h a l e ,  l i k e  t h e  Kanayut Conglomerate, is dominated by c h e r t  c l a s t s  (83 
p e r c e n t ) ,  has  subord ina te  amounts o f  ve in  q u a r t z  ( average  16 p e r c e n t ) ,  and 
l o c a l l y  c o n t a i n s  minor amounts o f  q u a r t z i t e  c l a s t s  ( average  1 p e r c e n t ) .  The 
b a s a l  sandstone member o f  t h e  Kayak Sha le  is i n t e r p r e t e d  t o  r e f l e c t  nea r shore  
d e p o s i t i o n  i n  t h e  r e g r e s s i n g  p a r t  o f  t h e  Kanayut f l u v i o - d e l t a i c  complex 
( N i l s e n  and o t h e r s ,  1980a, 1981a).  The two Kayak Sha le  pebble  coun t s  a r e  
c o n s i s t e n t  wi th  t h i s  i n t e r p r e t a t i o n ,  e x h i b i t i n g  compos i t iona l  s i m i l a r i t y  t o  
and p l o t t i n g  w e l l  wi th in  t h e  f i e l d s  o f  t h e  Kanayut d a t a  ( f i g s .  18, 19,  and 
20). 



CARBONATE CLASTS 

A. Basal Sandstone 

Member, Kayak Shale 

B. Kanayut 

Conglomerate 

IMMATURE MATURE 

(OTHER LITHIC) CLASTS (QUARTZOSE) CLASTS 
Figure  18. --Immature cl a s t  ( a r g i l l  i t e ,  s i l  t s t o n e ,  sandstone,  and greenstone)--  

ca rbona te  c l  as t - -mature  cl a s t  ( c h e r t ,  vein  q u a r t z ,  and q u a r t z i t e )  t e r n a r y  
diagram from pebble counts  made dur ing t h e  1978, 1979, and 1980 f i e l d  seasons .  
A ,  Basal sandstone member o f  t he  Kayak Shale .  B y  Kanayut Conglomerate. 



Figure 20.--Plots of maximum c l a s t  s ize  versus  percentage of  c l a s t  l i tho logy  
fo r  the  Kanayut Conglomerate from pebble counts made during the  1978, 
1979, and 1980 f i e l d  seasons. A ,  Vein quar tz .  B ,  Chert. C ,  
Q u a r t z i t e .  Open circles represen t  pebble counts with a minimum c l a s t  
s i z e  l a r g e r  than 1 cm; f i l l e d  c i r c l e s  represent those with a  minimum 
c l a s t  s i z e  l a r g e r  than 7 cm. 



PALEOCURRENTS 

In t roduc t ion  

Nilsen and o the r s  (1980) p lo t t ed  166 paleocurrent  measurements made i n  
1978 from the  Kanayut Conglomerate, Kekiktuk Conglomerate and Kayak Shale.  
During the 1979 f i e l d  season, an add i t i ona l  292 paleocurrent  measurements were 
co l l ec t ed  from these  u n i t s  and the  Hunt Fork Shale and Beaucoup Formation a t  
63 sepa ra t e  l oca t ions  (Nilsen and o the r s ,  1981). Data from both years  were 
compiled and presented i n  map form (Nilsen and o the r s ,  1980b). An a d d i t i o n a l  
316 measurements were co l lec ted  during the 1980 f i e l d  season from the  Hunt 
Fork Sha le ,  Kanayut Conglomerate, and Kayak Sha le ,  br inging the  t o t a l  t o  774 
determinat ions f o r  a l l  th ree  seasons ( f i g s .  21 and 22). 

Sedimentary f ea tu re s  measured include medium-scale t abu la r  and trough 
c ros s - s t r a t a  (447 measurements), conglomerate imbricat ion and long-axis 
o r i en t a t i on  ( 188 measurements) , primary cur ren t  l i n e a t i o n  ( 83 measurements , 
r i p p l e  markings (33 measurements), f l u t e  marks ( 9  measurements), pebble t r a i n s  
and e ros iona l  scours  (4  measurements of each ) ,  channel margins, f luid-escape 
f o l d s ,  and b a l l  and pillow s t r u c t u r e  (1 measurement of each) .  Restorat ions of  
paleocurrent  d i r e c t i o n s  t o  the  hor izonta l  were done manually on a s te reone t .  
Computer-calculated vector  means and standard devia t ions  were determined f o r  
37 l oca t ions  a t  which more than four  paleocurrent  measurements were made and 
a l s o  f o r  the t o t a l  number of  paleocurrent  measurements from each of  the  
var ious s t r a t i g r a p h i c  un i t s .  B id i r ec t i ona l  f e a t u r e s  such as primary cu r r en t  
l i n e a t i o n  were assigned a wester ly  or  sou ther ly  sense because of the  
preponderance of  un id i r ec t i ona l  i n d i c a t o r s  with t h a t  o r i en t a t i on .  

Hunt Fork Shale  

Ten paleocurrent  determinations were obtained from the  Hunt Fork Shale a t  
5 s epa ra t e  l oca t ions  during the  1979 f i e l d  season (Nilsen and o the r s ,  shee t  
2 ) .  An add i t i ona l  21 measurements co l l ec t ed  during the  1980 f i e l d  season from 
7 separa te  l oca t ions  br ings  the t o t a l  t o  31 determinat ions,  including 17 of 
trough c ros s - s t r a t a ,  8 of primary cur ren t  l i n e a t i o n s ,  3 of t abu la r  cross-  
s t r a t a ,  2 of  o s c i l l a t i o n  r i p p l e  markings, and 1 f l u t e  mark. The azimuthal 
vector  mean and standard devia t ion  of a l l  measurements from the  Hunt Fork 

are *OTO + 54O, r e f l e c t i n g  the o v e r a l l  sou ther ly  sediment t r anspo r t  
d i r e c t i o n  ( f i g .  22).  The r e l a t i v e  consis tency of these  da ta  probably 
i nd i ca t e s  t h a t  sediment was c h i e f l y  t ranspor ted  offshore.  A few measurements 
which show s i g n i f i c a n t  dev ia t ion  from the  mean may r e s u l t  from storm-generated 
cu r r en t s  a f f e c t i n g  sediments deposited i n  shallower water. 

F luv i a l  members of Kanayut Conglomerate 

In  our r epo r t  of  the 1978 f i e l d  season, we  p l o t t e d  158 paleocurrent  
measurements from the  f l u v i a l  lower s h a l e ,  middle conglomerate and Stuver  
members of  the Kanayut Conglomerate (Nilsen and o t h e r s ,  1980a). During the  
1979 f i e l d  season, we  measured an add i t i ona l  156 paleocurrent  d i r e c t i o n s  a t  35 
sepa ra t e  loca t ions .  The o r i en t a t i on  of  the measurements was compiled and 
p lo t t ed  i n  map form and by summary rose diagram (Nilsen and o t h e r s ,  1980b) , 
shee t  1 ) .  An a d d i t i o n a l  291 determinat ions were co l l ec t ed  during the  1980 
f i e l d  season, br inging the  t o t a l  number of  measurements t o  605 which include 
249 trough c ros s - s t r a t a ,  170 c l a s t  imbricat ion and long-axis o r i e n t a t i o n s ,  88 
t abu la r  c ros s - s t r a t a ,  60 primary cu r r en t  l i n e a t i o n s ,  16 cur ren t  r i p p l e  



markings, 8 f l u t e  marks, 4  pebble t r a i n s ,  4  e ros iona l  scours ,  2  a l igned p l an t  
fragments, 2 o s c i l l a t i o n  r i p p l e  markings, 1  channel-margin o r i e n t a t i o n ,  and 1 
f l u i d  escape fo ld  ( f i g .  21 ) . 

Unidi rec t iona l  i nd i ca to r s  show a southwest t r anspo r t  of  sediment, and 
b i d i r e c t i o n a l  i n d i c a t o r s  ( those  g iv ing  sense of  t r anspo r t  only)  show west- 
southwest o r  east-northeast  t r anspo r t .  The azimuthal vec tor  mean and standard 
devia t ion  of a l l  measurements from the  Kanayut is 243O + 450* t h e  
l o c a l  o r i en t a t i on  of paleocurrents  is as souther ly  a s  1720 , 280 for  l oca t ions  
having more than four  measurements, t he  o v e r a l l  southwesterly t r anspo r t  
d i r e c t i o n  is cons i s t en t  between members a s  shown by a  ca l cu l a t i on  o f  2430 * 
47'. f o r  t he  lower sha l e  member (209 measurements), 2450 + 400 fo r  t he  middle 
conglomerate member (247 measurements), and 2340 + 6 i 0  f o r  the  Stuver Member 
( 128 measurements), with 31 paleocurrent  determinations unassigned t o  
s t r a t i g r a p h i c  u n i t s .  These da ta  i nd i ca t e  t h a t  t he  f l u v i a l  sediment t r a n s o r t  
d i r e c t i o n  was predominantly toward the  southwest throughout the  e n t i r e  time of 
depos i t ion  of  the Kanayut Conglomerate. Donovan and T a i l l e u r  (1975) 
previously determined souther ly  d i r e c t i o n s  of  t r anspo r t  f o r  the  Kanayut. 

Kayak Shale  

Three paleocurrent  measurements from cu r r en t  r i p p l e  markings i n  t he  
shallow-marine or  i n t e r t i d a l  ba sa l  sandstone member of  the Kayak Shale  were 
previously reported (Nilsen and o the r s ,  1980a). An add i t i ona l  10 measurements 
were co l l ec t ed  during the 1979 f i e l d  season (Nilsen and o the r s ,  1980b, shee t  
2 )  and 6 more during the  1980 f i e l d  season. The t o t a l  number of measurements 
include 8 cu r r en t  r i p p l e  markings, 5 o s c i l l a t i o n  r i p p l e  markings, 4  t abu la r  
c ros s - s t r a t a ,  1  long-axis o r i e n t a t i o n ,  and 1 b a l l  and pi l low s t ruc tu re .  

Although the  sediment t r anspo r t  d i r e c t i o n  given by the  measurements is 
r e l a t i v e l y  cons i s t en t  a t  each loca t ion ,  t he re  is considerable  v a r i a b i l i t y  i n  
da ta  between loca t ions  ( f i g .  21). Because of  t h i s  geographic v a r i a t i o n ,  the  
s ign i f icance  of  the  vector  mean and standard devia t ion  ( 1200 2 7g0) i3  
r e l a t i v e l y  minor. We a t t r i b u t e  the v a r i a b i l i t y  of  paleocurrent  measurements 
i n  the  Kayak Shale t o  a l t e r n a t i n g  of fshore ,  onshore, and longshore sediment 
t r anspo r t  r e l a t e d  t o  wave-, wind-, storm-, and t ide-generated cur ren ts .  

SUMMARY 

This repor t  summarizes s t r a t i g r a p h i c  and sedimentologic da ta  co l lec ted  
during the  1980 f i e l d  season i n  the c e n t r a l  Brooks Range from the  Upper 
Devonian and Lower Mississ ippian Endicot t  Group. The Upper Devonian Kanayut 
Conglomerate c o n s i s t s  of a  basa l  marine sandstone member and th ree  successive 
f l u v i a l  members. It crops out  fo r  about 1000 km along s t r i k e  and about 50 km 
across  s t r i k e  i n  a t  l e a s t  t h r ee  major t h r u s t  p l a t e s  in the  c e n t r a l  p a r t  of  t h e  
Brooks Range. The basa l  marine sandstone member was probably deposited a s  
channel-mouth ba r s ,  o f f shore  ba r s ,  and ' sp i t s .  The overlying lower sha l e  
member is infer red  t o  have been deposited by meandering streams over a l a rge  
f loodplain area.  The middle conglomerate member, which contains  the  coa r se s t  
conglomerate and l i t t l e  o r  no sha l e ,  was probably deposited by braided 
streams. The Stuver Member is in fe r r ed  t o  have been deposited by meandering 
streams and is over la in  by i n t e r t i d a l  and shallow-marine sandstone a t  the  base 
of  t he  Kayak Shale. 



The maximum clast s i z e  o f  conglomerate d e c r e a s e s  westward, southward,  and 
eastward from t h e  S h a i n i n  Lake a r e a ,  s u g g e s t i n g  t h a t  a  major t runk s t r eam 
o r i g i n a l l y  e n t e r e d  t h e  d e p o s i t i o n a l  b a s i n  i n  t h i s  a r e a .  A second major t runk  
s t ream probably  en te red  t h e  d e p o s i t i o n a l  b a s i n  a t  its n o r t h e a s t e r n  end. 

The composit ion o f  t h e  Kanayut Conglomerate c l a s t s  v a r i e s  l i t t l e  from 
p l a c e  t o  p l a c e  o r  member t o  member. I n  most o f  t h e  conglomerates examined, 
about  80-95 percen t  of t h e  pebbles  are c h e r t ,  abou t  5-15 p e r c e n t  q u a r t z ,  and 
1-5 p e r c e n t  q u a r t z i t e .  Red c h e r t  c l a s t s  are l o c a l l y  abundant i n  t h e  S h a i n i n  
Lake and G a l b r a i t h  Lake area. Pebbles  o f  a r g i l l i t e  and o t h e r  rock fragments 
a r e  rare. 

The o r i e n t a t i o n s  o f  c r o s s - s t r a t a ,  primary c u r r e n t  l i n e a t i o n s ,  c u r r e n t  
r i p p l e  marks, and imbr ica t ion  and long axes o f  pebb les  i n  t h e  t h r e e  f l u v i a l  
members o f  t h e  Kanayut c o n s i s t e n t l y  show sediment t r a n s p o r t  toward t h e  
southwest  a c r o s s  most o f  t h e  c e n t r a l  and e a s t e r n  Brooks Range. P a l e o c u r r e n t s  
r e p o r t e d  from t h e  1980 f i e l d  season i n d i c a t e  more s o u t h e r l y  t r a n s p o r t  i n  t h e  
Atigun River  a r e a .  

The f a c i e s  sequence i n  t h e  Hunt Fork S h a l e  and Kanayut Conglomerate 
s u g g e s t s  t h a t  t h e  Kanayut comprises t h e  marginal-marine and f l u v i a l  p a r t s  o f  a 
prograding d e l t a  system. The c o n s i s t e n t  southwestward d i r e c t i o n  o f  
p a l e o c u r r e n t s  i n  t h e  f l u v i a l  d e p o s i t s ,  t o g e t h e r  wi th  t h e  southwestward 
dec rease  o f  g r a i n  s i z e ,  s u g g e s t s  an e a s t e r n ,  n o r t h e r n ,  o r  n o r t h e a s t e r n  source ,  
a l though  t h e  a l loch thonous  n a t u r e  o f  t h e  outcrop b e l t  p rec ludes  i d e n t i f i c a t i o n  
o f  the  source  a t  p r e s e n t .  Judging from t h e  abundance o f  c h e r t ,  q u a r t z ,  and 
q u a r t z i t e  c l a s t s  i n  t h e  Kanayut, t h e  source  t e r r a n e  was probably composed 
mostly o f  s l i g h t l y  metamorphosed sedimentary  rocks .  The high roundness and 
s p h e r i c i t y  o f  t h e  c l a s t s  and t h e i r  composi t ional  m a t u r i t y  i n d i c a t e  t h a t  t h e  
source  t e r r a n e  may a l s o  have included o l d e r  conglomerates.  
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