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ABSTRACT 

The Upper Devonian and Lower M i s s i s s i p p i a n ( ? )  Kanayut Conglomerate forms 
a major s t r a t i g r a p h i c  u n i t  a l o n g  t h e  c r e s t  o f  t h e  Brooks Range o f  n o r t h e r n  
Alaska. It crops  o u t  f o r  an  east-west d i s t a n c e  o f  abou t  900 km and a nor th -  
s o u t h  d i s t a n c e  o f  abou t  65 km. The Kanayut is wholly a l loch thonous  and has  
probably  been t r a n s p o r t e d  northward on a series of t h r u s t  p l a t e s .  

The Kanayut is as t h i c k  as 2,600 m i n  t h e  e a s t - c e n t r a l  Brooks Range. It 
t h i n s  and fines t o  t h e  s o u t h  and west. The Kanayut forms t h e  middle p a r t  of 
t h e  a l loch thonous  sequence o f  t h e  End ico t t  Group, an Upper Devonian and 
M i s s i s s i p p i a n  c l a s t i c  sequence u n d e r l a i n  by p l a t f o r m  l imes tones  o f  t h e  Baird  
Group and o v e r l a i n  by p la t fo rm l imes tone ,  carbonaceous s h a l e ,  and b lack  c h e r t  
of t h e  Lisburne  Group. The Kanayut o v e r l i e s  t h e  mar ine  Upper Devonian Noatak 
Sandstone o r ,  where it is miss ing ,  t h e  marine Upper Devonian Hunt Fork 
Shale .  It is o v e r l a i n  by t h e  marine M i s s i s s i p p i a n  Kayak Shale .  The Kanayut 
Conglomerate forms t h e  f l u v i a l  p a r t  o f  a l a r g e ,  coarse-gra ined d e l t a  t h a t  
prograded t o  t h e  southwest  i n  La te  Devonian time and r e t r e a t e d  i n  E a r l y  
M i s s i s s i p p i a n  time. 

Four s e c t i o n s  of  t h e  Kanayut Conglomerate i n  t h e  c e n t r a l  Brooks Range and 
f i v e  i n  t h e  wes te rn  Brooks Range were measured i n  1981. The s e c t i o n s  from t h e  
western  Brooks Range document t h e  presence  o f  f l u v i a l  c y c l e s  i n  t h e  Kanayut a s  
f a r  west a s  t h e  s h o r e s  o f  t h e  Chukchi Sea. The Kanayut i n  t h i s  a r e a  is 
g e n e r a l l y  f i n e r  grained than it is i n  t h e  c e n t r a l  and e a s t e r n  Brooks Range, 
having a maximum clast  size o f  3 cm. It is probably  abou t  300 m t h i c k .  The 
upper and lower c o n t a c t s  o f  t h e  Kanayut a r e  g r a d a t i o n a l .  The lower Kanayut 
c o n t a i n s  c a l c a r e o u s ,  mar ine- inf luenced sands tone  w i t h i n  channel  d e p o s i t s ,  and 
t h e  upper Kanayut c o n t a i n s  p robab le  marine i n t e r d i s t r i b u t a r y - b a y  s h a l e  
sequences .  The members o f  t h e  Kanayut Conglomerate cannot be d i f f e r e n t i a t e d  
i n  t h i s  r eg ion .  

I n  t h e  c e n t r a l  Brooks Range, s e c t i o n s  o f  t h e  Kanayut Conglomerate a t  
S i a v l a t  Mountain and Kakivilak Creek a r e  t y p i c a l l y  organized i n t o  f i n i n g -  
upward f l u v i a l  c y c l e s .  The maximum c l a s t  s i z e  is abou t  3 cm i n  t h i s  a r e a .  
The Kanayut i n  t h i s  r eg ion  is 200-500 m t h i c k  and can be d i v i d e d  i n t o  t h e  Ear 
Peak, S h a i n i n  Lake, and S tuver  Members. The upper c o n t a c t  of t h e  Kanayut wi th  
t h e  Kayak S h a l e  is v e r y  g r a d a t i o n a l  a t  Kak iv i l ak  Creek and ve ry  a b r u p t  a t  
S i a v l a t  Mountain. 

P a l e o c u r r e n t s  from f l u v i a l  s t r a t a  of t h e  Kanayut i n d i c a t e  sediment 
t r a n s p o r t  toward t h e  n e a t  and s o u t h  i n  both  t h e  western  and c e n t r a l  Brooks 
Range. The maximum clast s i z e  d i s t r i b u t i o n  g e n e r a l l y  i n d i c a t e s  westward 
f i n i n g  from t h e  S h a i n i n  Lake region.  

INTRODUCTION 

We have p resen ted  s t r a t i g r a p h i c  and sed imen to log ic  d a t a  c o l l e c t e d  from 
t h e  f l u v i a l  Upper Devonian and Lower M i s s i s s i p p i a n ( ? )  Kanayut Conglomerate and 
a s s o c i a t e d  u n i t s  of t h e  c e n t r a l  and e a s t e r n  Brooks Range d u r i n g  t h e  1978-1980 
f i e l d  s e a s o n s  i n  a series o f  open- f i l e  r e p o r t s  ( N i l s e n  and o t h e r s ,  198Ob, 
1981b, 1982).  Th i s  r e p o r t  p r e s e n t s  d a t a  c o l l e c t e d  d u r i n g  a s h o r t e r  1981 field 
season i n  t h e  e a s t e r n ,  c e n t r a l ,  and western  Brooks Range ( f i g s .  1 and 2). 
Moore s p e n t  one month i n  t h e  f i e l d  a t  Crev ice  Creek i n  t h e  c e n t r a l  Brooks 
Range. Subsequent ly ,  Ni lsen  and Moore worked t o g e t h e r  f o r  4 days from t h e  



Lisburne Well s i t e  i n  t h e  wes t -cen t ra l  Brooks Range and 6 days  from D r i v e r ' s  
Bar, l o c a t e d  about  30 km e a s t - n o r t h e a s t  o f  K i v i l i n a  i n  t h e  wes te rn  Brooks 
Range. As a r e s u l t ,  one s e c t i o n  o f  t h e  Kanayut Conglomerate was measured a t  
T i l l  Creek n o r t h  of Crevice  Creek, two s e c t i o n s  s o u t h  o f  t h e  Lisburne Well 
s i te ,  and f o u r  p a r t i a l  s e c t i o n s  n o r t h e a s t  o f  D r i v e f ' s  Bar. I n  a d d i t i o n ,  one 
new pebble  count  was ob ta ined  and a d d i t i o n a l  maximum c l a s t  size measurements 
and paLeocurrent  d e t e r m i n a t i o n s  were acqu i red  and a r e  r e p o r t e d  h e r e i n .  

Our p rev ious  work was conf ined t o  t h e  c e n t r a l  and e a s t e r n  Brooks Range, 
between t h e  Alaska-Yukon T e r r i t o r y  border  and t h e  Kuna River ,  where t h e  
Kanayut Conglomerate has  been mapped i n  c o n s i d e r a b l e  d e t a i l  (Brosge and 
Reiser, 1962, 1964, 1965, 1969, 197 1 ; Reiser and o t h e r s ,  1971, 1974 ; Brosge 
and o t h e r s ,  1976, 1979a, 1979b; and Nelson and Grybeck, 1980).  Brosge and 
o t h e r s ,  ( 1982) p r e s e n t  a g e o l o g i c  map o f  the c e n t r a l  and e a s t e r n  Brooks Range 
t h a t  shows t h e  d i s t r i b u t i o n  of members o f  t h e  Kanayut Conglomerate and t h e  
l o c a t i o n  o f  major t h r u s t  f a u l t s  w i t h i n  t h e  ou tc rop  b e l t .  Pa leocur ren t  maps 
f o r  t h e  Kanayut Conglomerate and a s s o c i a t e d  u n i t s ,  based on f i e l d  work i n  1978 
and 1979, have a l s o  been released (Ni l sen  and o t h e r s ,  1980a). A g e n e r a l i z e d  
f a c i e s  model f o r  t h e  Kanayut Conglomerate has  been p resen ted  by Ni lsen and 
o t h e r s  (1981a) .  S t r a t i g r a p h i c  nomenclature f o r  t h e  Kanayut Conglomerate has 
been r e v i s e d  by Ni lsen and Moore ( 1982a).  

The Kanayut Conglomerate forms part  o f  t h e  End ico t t  Group, a t h i c k  
sequence of Upper Devonian and Lower M i s s i s s i p p i a n  e l a s t i c  u n i t s  bounded below 
by p l a t f o r m  ca rbona tes  of t h e  B a i r d  Group and above by p la t fo rm c a r b o n a t e ,  
carbonaceous s h a l e ,  and black c h e r t  o f  t h e  Lisburne Croup ( T a i l l e u r  and 
others, 1967). The End ico t t  Group i n  t h e  c e n t r a l  par t  o f  t h e  Brooks Range 
c o n s i s t s  i n  ascending order  o f  t h e  marine Hunt Fork S h a l e ,  marine Noatak 
Sandstone,  nonmarine Kanayut Conglomerate, and marine Kayak Sha le  (Bowsher and 
Dutro,  1957; Chapman and o t h e r s ,  1964; P o r t e r ,  1966).  This sequence o f  s t r a t a  
forms a s e r i e s  o f  a l loch thonous  t h r u s t  plates  thought  t o  have been t r a n s p o r t e d  
northward dur ing  o m g e n e s i s  i n  t h e  l a t e  Mesozoic (Mull and o t h e r s ,  1976; Mull 
and Tailleur, 1977; Roeder and Mull ,  1978). 

A second sequence o f  the Endico t t  Group is autochthonous o r  
parautochthonous and may u n d e r l i e  t h e  a l loch thonous  sequence o f  t h e  End ico t t  
Group. The autochthonous sequence c o n s i s t s  p r i m a r i l y  of t h e  Kekiktuk 
Conglomerate and Kayak Sha le  (Brosqe and o t h e r s ,  1962; Reed, 1968; Mar t in ,  
1970; E l l e r s i c k  and o t h e r s ,  19791, which rest unconformably on deformed and 
i n t r u d e d  pre-Upper Devonian rnetasedimentary and metavolcanic  rocks  ( f i g .  3 ) .  
The autochthonous sequence c r o p s  o u t  i n  t h e  Brooks Range t o  t h e  s o u t h ,  e a s t ,  
and n o r t h e a s t  o f  t h e  a l loch thonous  sequence,  and u n d e r l i e s  p a r t s  o f  t h e  North 
Slope and A r c t i c  F o o t h i l l s  n o r t h  o f  t h e  a l loch thonous  sequence.  R e l a t i o n s  
between the alLochthonous and autochthonous sequences of t h e  E n d i c o t t  Group, 
are no t  complete ly  c l e a r ,  and depend on t h e  n a t u r e  of p a l i n s p a s t i c  
r e c o n s t r u c t i o n  both w i t h i n  t h e  Brooks Range and between t h e  Brooks Range and 
o t h e r  circum-Arctic orogenic  b e l t s  ( N i l s e n ,  1981 ) . 

The Kanayut Conglomerate i n  t h e  c e n t r a l  and e a s t e r n  Brooks Ranqe c o n s i s t s  
o f  t h r e e  members, i n  ascending o r d e r :  ( 1 )  t h e  Ear Peak Member, as t h i c k  as  
1160 m ,  c o n s i s t i n g  c h i e f l y  o f  fining-upward c y c l e s  thought  t o  have been 
depos i t ed  by meandering streams; ( 2 )  t h e  Sha in in  Lake Member, as t h i c k  as 530 
m, c o n s i s t i n g  c h i e f l y  o f  conglomerate-sandstone c o u p l e t s  thought  t o  have been 
depos i t ed  by braided s t reams;  and ( 3 )  t h e  S t u v e r  Member, a s  t h i c k  as  1300 m ,  



c o n s i s t i n g  c h i e f l y  of f ining-upward c y c l e s  t hough t  t o  have been d e p o s i t e d  by 
meandering streams. Because o u r  p r e v i o u s  o p e n - f i l e  reports d e s c r i b e  t h e  
g e n e r a l  geo logy ,  s e t t i n g ,  b i o s t r a t i g r a p h y ,  l i t h o s t r a t i g r a p h y ,  and p r e v i o u s  
work, we w i l l  not r e p e a t  t h i s  i n f o r m a t i o n  he re .  

Our 1981 f i e l d  work provided  u s  w i t h  t h e  o p p o r t u n i t y  t o  examine o u t c r o p s  
o f  t h e  Kanayut Conglomerate i n  t h e  w e s t e r n  Brooks Range, as far west as t h e  
c o a s t  o f  t h e  Chukehi Sea n e a r  K i v a l i n a  ( f i g .  1 ) .  The Kanayut Conglomerate had 
been p r e v i o u s l y  mapped i n  t h e  wes t e rn  Brooks Range by Mayfield and T a i l l e u r  
(1978) and Mayf ie ld  and o t h e r s  (1978). However, because  (1 )  t h e  q u a l i t y  o f  
o u t c r o p s  d i m i n i s h e s  markedly as t h e  Brooks Range becomes p r o g r e s s i v e l y  lower  
t o p o g r a p h i c a l l y  t o  t h e  west, ( 2 )  t h e  Kanayut is less e a s i l y  d i s t i n g u i s h a b l e  t o  
t h e  west from s t r a t i g r a p h i c a l l y  r e l a t e d  c last ic  units, and (3) t h e  Kanayut 
c o n t a i n s  smaller amounts and f i n e r  s i z e s  o f  conglomera te  toward t h e  west, t h e  
p o s i t i v e  r e c o ~ n i t i o n  of f l u v i a l  f a c i e s  remained u n c e r t a i n .  I n  a d d i t i o n ,  it 
appeared  on the b a s i s  o f  r e g i o n a l  s t r a t i g r a p h i c  r e l a t i o n s  (Du t ro ,  1953b) t h a t  
t h e  Kanayut pas sed  l a t e r a l l y  southwestward i n t o  t h e  Noatak Sands tone ,  a mar ine  
c las t ic  u n i t  t h a t  u n d e r l i e s  t h e  Kanayut Conglomerate i n  t h e  c e n t r a l  and 
e a s t e r n  Brooks Range, bu t  was though t  t o  be t h e  o n l y  u n i t  i n  t h e  wes ternmost  
Brooks Range. 

Our work i n  t h e  Mulgrave H i l l s  r e g i o n  and "Huskyw Mountains o f  t h e  
wes ternmost  Brooks Range e s t a b l i s h e s  t h e  p r e s e n c e  o f  t h e  Kanayut Conglomerate 
i n  t h e  same r e l a t i v e  s t r a t i g r a p h i c  p o s i t i o n  t h a t  it o c c u p i e s  i n  t h e  c e n t r a l  
and e a s t e r n  Brooks Range (Nilsen and Moore, 1982a) .  It c o n s i s t s  o f  well- 
d e f i n e d  f ining-upward f l u v i a l  c y c l e s  w i t h  i n t e r b e d d e d  f l o o d p l a i n  d e p o s i t s  t h a t  
c o n t a i n  p l a n t  d e b r i s  and p a l e o s o l s .  It rests g r a d a t i o n a l l y  on t h e  Noatak 
Sands tone  and is o v e r l a i n  g r a d a t i o n a l l y  by t h e  Kayak S h a l e .  
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Figure 1.--Index map o f  Alaska and a d j a c e n t  areas showing l o c a t i o n  o f  s t u d y  
areas. The Brooks Range and British Mountains (Br) are o u t l i n e d  by a s o l i d  
l i n e .  The r u l e d  areas show t h e  approximate  outcrop e x t e n t  of the E n d i c o t t  
Group. The l o c a t i o n  o f  t h e  1981 f i e l d  s t u d y  areas is shown by a d a r k  
p a t t e r n .  Abbrev ia t ions :  AP, Anaktuvuk Pass; A V ,  Arctic V i l l a g e ;  CC, C r e v i c e  
Creek; K V ,  K i v a l i n a ;  LW, L i s b u r n e  Well s i te .  Quadrang le  names are d e s i g n a t e d  
by i n i t i a l  l e t te rs ,  from west t o  east: D ,  De Long Mountains;  N ,  Noatak; M ,  
Misheguk Mountain;  B ,  Baird Mountains;  H, Howard Pass; AM, Ambler River;  K ,  
K i l l i k  River; S, Survey Pass; C, Chandler  Lake; W ,  Wiseman; P ,  P h i l i p  Smith 
Mountains;  C H ,  Chanda la r ;  A ,  Arctic; CR,  C h r i s t i a n ;  T ,  Table Mountain; and CO, 
Coleen . 







SEDIMENTARY FACI ES 
General  

The Kanayut Conglomerate and a s s o c i a t e d  u n i t s  i n  t h e  Brooks Range c o n t a i n  
a v a r i e t y  o f  sedimentary  f a c i e s  depos i t ed  i n  f l u v i a l  and marine environments.  
The upper p a r t  o f  t h e  Hunt Fork Sha le  r e c o r d s  s h o a l i n g  marine c o n d i t i o n s  as it 
g r a d e s  upward i n t o  t h e  shallow-marine d e p o s i t s  o f  t h e  Noatak Sandstone.  The 
o v e r l y i n g  Ear Peak Member o f  t h e  Kanayut Conglomerate r e c o r d s  p rograda t ion  o f  
f l u v i a l  sediments  o v e r  t h e  Noatak Sandstone,  cu lmina t ing  i n  d e p o s i t i o n  o f  t h e  
c o a r s e r  grained f l u v i a l  Sha in in  Lake Member o f  t h e  Kanayut. The s u c c e s s i v e l y  
o v e r l y i n g  f l u v i a l  S tuver  Member, b a s a l  shallow-marine sandstone o f  t h e  Kayak 
S h a l e ,  and s h a l e  o f  t h e  Kayak Sha le  record major r e t r o g r a d a t i o n  o f  t h e  Kanayut 
d e p o s i t i o n a l  system (fig. 3 ) .  Thus, t h e  e n t i r e  sequence records  o u t b u i l d i n g  
of a  major f l u v i a l  system, most probably a  l a r g e  d e l t a ,  o u t  i n t o  a marine 
b a s i n  dur ing  La te  Devonian t ime. 

E a r l i e r  ep i sodes  o f  c l a s t i c  d e p o s i t i o n ,  recorded by conglomerate and 
sands tone  w i t h i n  t h e  Beaucoup Formation and lower Hunt Fork Sha le  (Dutro  and 
o t h e r s ,  1979; Nilsen and o t h e r s ,  1980b1, may not be r e l a t e d  g e n e t i c a l l y  t o  t h e  
Kanayut onlap-of f l ap  cyc le .  These l e s s -we l l  understood d e p o s i t i o n a l  e v e n t s  
may be r e l a t e d  more t o  l o c a l  u p l i f t s  and r e s t r i c t e d  sedimenta t ion.  

Hunt Fork Sha le  

S h a l e  depos i t ed  i n  low-energy and probably deep-marine ( a t  l e a s t  below 
wave base )  s e t t i n g s  forms most of t h e  lower member o f  t h e  Hunt Fork Sha le  
( f i g .  3 ) .  It is a s  t h i c k  as 700 m i n  t h e  P h i l i p  Smith Mountains quadrangle  
(Brosge and o t h e r s ,  1979a).  It is t y p i c a l l y  black- o r  brown-weathering and 
u n f o s s i l i f e r o u s  except  f o r  t r a c e  f o s s i l s .  The s h a l e  c o n t a i n s  t h i n  t u r b i d i t e  
i n t e r b e d s  t h a t  i n c r e a s e  i n  abundance upward and l o c a l l y  c o n t a i n  f o s s i l  d e b r i s  
and s h a l e  r ip-up c l a s t s .  The thin-bedded t u r b i d i t e s  form graded beds ,  
g e n e r a l l y  l eas  than  5 cm t h i c k ,  t h a t  may c o n t a i n  p a r a l l e l  s t r a t i f i c a t i o n  o r  
c u r r e n t - r i p p l e  laminae. Other graded beds commonly a r e  i n t e r n a l l y  
s t r u c t u r e l e s s ,  r e f l e c t i n g  probable  v e r t i c a l  s e t t l i n g  from storm-generated 
overflows or  i n t e r f l o w s  within the 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 .  The s h a l e  member is thought  t o  have been depos i t ed  on t h e  
f l o o r  o f  a r e l a t i v e l y  deep marine bas in .  

The o v e r l y i n g  wacke member o f  t h e  Hunt Fork Sha le  c o n s i s t s  mostly o f  
s h a l e  and s h a l e y  s i l t s t o n e  wi th  in terbedded f i n e -  t o  medium-grained 
sandstone.  It is as t h i c k  as 700 m i n  t h e  P h i l i p  Smith Mountains quadrangle  
(Brosge and o t h e r s ,  1979a). Ferruginous  l e n s e s  c o n t a i n  abundant brachiopod 
f o s s i l s ,  and p l a n t  f o s s i l s  and marine burrows a r e  common. The beds o f  
sandstone a r e  commonly f l a t - 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 ,  r e f l e c t i n g  
d e p o s i t i o n  by marine t r a c t i o n  c u r r e n t s .  The wacke member is thought t o  have 
been depos i t ed  i n  a marine s l o p e  t o  ou te r - she l f  s e t t i n g .  

Noatak Sandstone 

The Noatak Sandstone,  p rev ious ly  mapped as t h e  b a s a l  sandstone member of 
t h e  Kanayut Conglomerate ( B r o s ~ e  and o t h e r s ,  1979a,b) i n  t h e  c e n t r a l  and 
e a s t e r n  Brooks Range, c o n s i s t s  o f  c a l c a r e o u s  sandstone in terbedded wi th  b lack 
s h a l e .  The type  s e c t i o n  is i n  t h e  western  Brooks Range, i n  t h e  sou the rn  
DeLong Mountains adjacent t o  t h e  Noatak River ( f i g .  2). There,  it is s e v e r a l  





hundred meters t h i c k  and c o n s i s t s  mos t ly  o f  q u a r t z i t i c  s ands tone  t h a t  is 
l o c a l l y  f o s s i l i f e r o u s  (Du t ro ,  1952,  1953a,  b). The Noatak is l o c a l l y  
cong lomera t i c  and c o n t a i n s  mar ine  m e g a f o s s i l s  i n  many p l a c e s .  It is a s  t h i c k  
as 1 ,000 m i n  t h e  w e s t e r n  Brooks Range ( T a i l l e u r  
and o t h e r s ,  1967) and 600 m i n  t h e  P h i l i p  Smith Mountains quadrang le  (Brosge  
and o t h e r s ,  1 979a). 

I n  t h e  c e n t r a l  and e a s t e r n  Brooks Range, t h e  s a n d s t o n e  s t r a t a  most 
t y p i c a l l y  form t h i c k e n i n g -  and coarsening-upward c y c l e s  d e p o s i t e d  i n  d e l t a -  
f r o n t  s e t t i n g s ,  p robab ly  most commonly as  channel-mouth b a r s .  The c y c l e s  
r eco rd  p r o g r a d a t i o n  o f  t h e  d e l t a  o v e r  u n d e r l y i n g  mar ine  s l o p e  and o u t e r - s h e l f  
d e p o s i t s .  Other  s a n d s t o n e  b o d i e s ,  c h a r a c t e r i z e d  th roughou t  by medium- t o  
l a r g e - s c a l e  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 ,  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  o f  t h e  d e l t a .  V a r i a b l e  
p a l e o c u r r e n t  d i r e c t i o n s  from t h e  shal low-marine s a n d s t o n e  b o d i e s  r e f l e c t  
c u r r e n t s  g e n e r a t e d  by waves, winds ,  t i d e s ,  and longshore  d r i f t .  

I n  t h e  Mulgrave Hills area, t h e  Noatak Sands tone  i n t e r f i n g e r s  w i t h  t h e  
lower p a r t  o f  t h e  Kanayut Conglomerate. Fining-upward f l u v i a l  c y c l e s  o f  t h e  
Kanayut Conglomerate i n  t h i s  r e g i o n  c o n t a i n  i n t e r b e d d e d  c a l c a r e o u s  s a n d s t o n e  
and cong lomera t i c  s a n d s t o n e  t h a t  are p robab ly  mar ine  i n  o r i g i n  and resemble  
t h e  Noatak Sands tone .  

Kanayut Conglomerate 

The Ear  Peak Member ( f o r m e r l y  t h e  lower  s h a l e  member) and S t u v e r  Member 
of  the Kanayut Conglomerate are i n t e r p r e t e d  t o  have been d e p o s i t e d  by 
meandering streams on a f l o o d p l a i n ,  The members c o n s i s t  of a s e r i e s  o f  
t h i n n i n g -  and f ining-upward c y c l e s  s i m i l a r  t o  t h o s e  d e s c r i b e d  from many modern 
meandering r i v e r s .  D e t a i l e d  a n a l y s i s  o f  t h e  c y c l e s  may pe rmi t  d e t e r m i n a t i o n s  
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 s c h a r g e s ,  and tempora l  o r  
g e o g r a p h i c a l  v a r i a b i l i t y  of t h e  streams w i t h i n  t h e  d e p o s i t i o n a l  b a s i n .  

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  
w i t h  e r o s i o n a l  t r u n c a t i o n  o f  u n d e r l y i n g  s h a l e  o r  p a l e o s o l s  by t h i c k  beds of 
conglomera te  o r  s ands tone .  The amount of downcut t ing  observed  v a r i e s  from 
s e v e r a l  cm t o  a s  much as 5 m. However, i f  viewed on a l a r g e  enough scale,  
each  f l u v i a l  c y c l e  p robab ly  downcuts approx ima te ly  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 as t h e  c y c l e  is a p rese rved  r e c o r d  o f  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  channe l .  The b a s a l  beds  t y p i c a l l y  c o n s i s t  of mass ive  o r  
c r u d e l y  p a r a l l e l - s t r a t i f i e d  conglomera te  o r  cong lomera t i c  s a n d s t o n e  c o n t a i n i n g  
abundant  r ip-up clasts 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  material. 

Over ly ing  t h e  b a s a l  cong lomera t i c  beds  are p a r a l l e l - s t r a t i f i e d  beds  o f  
s a n d s t o n e  t h a t  are 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  
s ands tone .  Trough a m p l i t u d e s  g r a d u a l l y  d e c r e a s e  upward i n  t h e  c y c l e s  
concomi tan t ly  w i t h  d e c r e a s i n g  g r a i n  s i z e  o f  t h e  sands tone .  The t rough  a x e s  
have v a r i a b l e  a t t i t u d e s ,  b u t  g e n e r a l l y  p lunge  toward t h e  sou thwes t .  These 
d e p o s i t s  r e p r e s e n t  f i l l  o f  t h e  channe l  by t r a n s v e r s e  and l o n g i t u d i n a l  b a r s  
that m i g r a t e  downchannel as t h e  stream channe l  g r a d u a l l y  s h i f t s  and m i g r a t e s  
l a t e r a l l y  by t h e  meander p r o c e s s .  

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  of t h i n l y  bedded c u r r e n t - r i p p l e -  
marked f i n e - g r a i n e d  s a n d s t o n e  w i t h  t h i n  s h a l e  i n t e r b e d s .  These r ipple-marked 



sands tones  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  a r e  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 
r o o t  impress ions .  These t h i n  beds o f  sandstone a r e  i n t e r p r e t e d  t o  be l e v e e s  
depos i t ed  on t h e  i n n e r  p a r t s  o f  meander loops  by overbanking p rocesses  dur ing  
f lood  s t a g e s .  

The uppermost p a r t  of t h e  c y c l e s  c o n s i s t s  o f  i n t e r c h a n n e l  and f l o o d p l a i n  
s h a l e  and s i l t s t o n e  c o n t a i n i n g  prominent l o c a l  p a l e o s o l s .  The s h a l e  v a r i e s  
from r e d d i s h  brown t o  b lack i n  c o l o r ,  probably  depending upon t h e  amount o f  
exposure t o  t h e  atmosphere. Red s h a l e  probably  was depos i t ed  c h i e f l y  on 
h igher  ground o f  t h e  f l o o d p l a i n  and black s h a l e  i n  lower ,  swampy a r e a s .  Many 
c y c l e s  c o n t a i n  red shale d i r e c t l y  o v e r  t h e  sandy l e v e e  f a c i e s ,  succeeded 
upward by black s h a l e .  Both red and black s h a l e  c o n t a i n  abundant f o s s i l  p l a n t  
d e b r i s ,  much o f  it i n  s i t u .  Mudcracks, r a i n d r o p  i m p r i n t s ,  and f e a t u r e s  t h a t  
might r e p r e s e n t  burrows b u t  a r e  more l i k e l y  r o o t  c a s t s  from p l a n t s  a r e  
common. The lower s h a l e  member l o c a l l y  c o n t a i n s  ve ry  t h i c k  s e c t i o n s  o f  
reddish-brown s h a l e ,  p a r t i c u l a r l y  i n  t h e  e a s t e r n  Brooks Range. These d e p o s i t s  
may r e p r e s e n t  large f l o o d p l a i n  a r e a s  t r a v e r s e d  by few r i v e r  channels .  I n  
t h e s e  a r e a s ,  s h a l e  depos i t ed  by major f l o o d s  probably  accumulated t o  
s u b s t a n t i a l  t h i c k n e s s e s .  

A c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  c y c l e s  is long i n c l i n e d  s u r f a c e s  t h a t  c u t  
a c r o s s  t h e  v e r t i c a l  sequence ( e p s i l o n  c r o s s - s t r a t i f i c a t i o n ) .  These s u r f a c e s  
a r e  thought  t o  be t h e  o r i g i n a l  i n c l i n e d  s u r f a c e s  of t h e  i n n e r  p a r t s  of meander 
loops  o r  point -bar  s u r f a c e s .  

Cycles o f  sandstone not  c h a r a c t e r i z e d  by f i n i n g -  and thinning-upward 
t r e n d s  accumulated i n  p a r t s  o f  t h e  meandering s t ream f a c i e s .  These bod ies  o f  
sandstone a r e  l o c a l l y  channe l i zed ,  may form symmetrical  v e r t i c a l  c y c l e s ,  and 
c h a r a c t e r i s t i c a l l y  c o n t a i n  abundant r ip-up c l a s t s  and f ragments  o f  l e v e e ,  
i n t e r c h a n n e l ,  and f l o o d p l a i n  f a c i e s .  The bodies  may be crevasse-splay 
d e p o s i t s  formed where l e v e e s  have been broken through d u r i n g  l a r g e  f loods .  

The S h a i n i n  Lake Member ( fo rmer ly  t h e  middle conglomerate member) o f  t h e  
Kanayut Conglomerate c o n s i s t s  a f  in te rbedded  conglomerate and sands tone  
thought  t o  have been depos i t ed  by bra ided streams. The c h a r a c t e r i s t i c  f e a t u r e  
of  t h e s e  d e p o s i t s  is t h e  v e r t i c a l  stacking o f  fining-upward c o u p l e t s  of 
conglomerate and sands tone ,  wi th  t h e  e r o s i o n a l  base  of each conglomerate bed 
t r u n c a t i n g  t h e  under ly ing  sandstone.  I n  some s e c t i o n s ,  conglomerate r e s t s  on 
conglomerate t o  form amalgamated beds ,  wi th  sands tone  a b s e n t  e i t h e r  a s  a 
r e s u l t  o f  nondeposi t i o n  o r  e r o s i o n .  

The conglomerate-sandstone c o u p l e t s  are thought  t o  r e p r e s e n t  d e p o s i t i o n  
of v a r i o u s  kinds o f  bars w i t h i n  a b ra ided  stream complex. Sandstone i s  
depos i t ed  on t h e  f l a n k s ,  t o p s ,  and downstream edges  of g r a v e l  b a r s  a s  t h i n  but  
wide lens-shaped bod ies  c h a r a c t e r i z e d  g e n e r a l l y  by p a r a l l e l  s t r a t i f i c a t i o n ,  
low-angle trough c r o s s  s t r a t i f i c a t i o n ,  o r  very  low-angle i n c l i n e d  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 .  The sands tone  probably  accumulates  d u r i n g  waning s t a g e s  
o f  f l o o d s  and on t h e  p r o t e c t e d  downstream margins o f  b a r s .  

The l a r g e s t  conglomerate c l a s t s  a r e  found i n  t h e  Sha in in  Lake Member. 
The conglomerate is t y p i c a l l y  we l l  imbr ica ted  and c h a r a c t e r i z e d  by a c losed  
framework w i t h  a sands tone  o r  pebbly sands tone  mat r ix .  Long axes  a r e  o r i e n t e d  
p a r a l l e l  t o  flow and have proven t o  be u s e f u l  pa leocur ren t  i n d i c a t o r s  f o r  t h e  



Shanin  Lake Member. P a l e o s o l s ,  l e v e e  d e p o s i t s ,  s h a l e ,  and s i l t s t o n e  are 
r a r e l y  p r e s e n t .  

Kayak S h a l e  

I n  its type area, n e a r  S h a i n i n  Lake, t h e  Kayak S h a l e  is a b o u t  300 m 
t h i c k ,  rests conformably on nonmarine f a c i e s  o f  t h e  S t u v e r  Member, and has 
been s u b d i v i d e d  i n t o  5 members: ( 1 )  b a s a l  f i ne -g ra ined  s a n d s t o n e ,  40 m t h i c k ;  
(2) lower b l a c k  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 i m e s t o n e ,  24 m t h i c k ;  
( 4 )  upper  b l a c k  shale, 40 m t h i c k ;  and (5) r ed  l i m e s t o n e ,  5 m t h i c k .  The 
t h r e e  lower members, a l t h o u g h  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 l o n g  t h e  
e n t i r e  Brooks Range, d e s p i t e  marked c h a n ~ e s  i n  t h e  t o t a l  t h i c k n e s s  o f  t h e  
Kayak 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  s o u t h e r n  and 
e a s t e r n  Brooks Range, t h e  Kayak S h a l e  i n  t h e  a l l o c h t h o n o u s  sequence  o f  t h e  
E n d i c o 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  mos t ly  o f  b l ack  
s h a l e .  

The b a s a l  s a n d s t o n e  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 r ipple-marked f i n e - g r a i n e d  q u a r t z o s e  s a n d s t o n e  w i t h  abundant  S c o l i t h u s  
burrows,  a marine i c h n o f o s s i l .  I n  its t y p e  area and e l sewhere ,  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 ,  reactivation surfaces, flaser 
bedding ,  and he r r ingbone  c r o s s  laminae  and c r o s s  strata s u g g e s t i v e  o f  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 l o c h t h o n o u s  sequence  o f  t h e  
E n d i c o t t  Group, t h e  s a n d s t o n e  rests d i r e c t l y  on red  o r  b l a c k  s h a l e  o r  s o i l s  of 
t h e  topmost  f ining-upward f l u v i a l  c y c l e  of t h e  S t u v e r  Member; however, i n  
c o n t r a s t  to  coa r se -g ra ined  d e p o s i t s  of t h e  Kanayut, i t  c o n s i s t s  whol ly  o f  
f i n e - g r a i n e d  s a n d s t o n e ,  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  f o l d e d  
c r o s s  s t ra ta ,  slump f o l d s ,  and s l u r r i e d  l a y e r s ,  and may form a t h i c k e n i n g -  o r  
coarsening-upward megasequence a b r u p t l y  o v e r l a i n  by b l ack  s h a l e  o f  t h e  n e x t  
member. I n  a few rare s e c t i o n s ,  t h e  b a s a l  s ands tone  member forms a v e r y  t h i c k  
c y c l e  o f  i n t e r m i x e d  f ine -g ra ined  s a n d s t o n e  t y p i c a l  of t h e  basal member and 
conglomera te  o f  t h e  f l u v i a l  Kanayut Conglomerate. '  

The o v e r l y i n g  b l a c k  s h a l e  c o n t a i n s  some t h i n  graded beds  o f  f i n e - g r a i n e d  
s a n d s t o n e  t h a t  appea r  t o  b e  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  accumula t ions  of  
s torm-genera ted  sediment  ove r f lows .  The a r g i l l a c e o u s  l i m e s t o n e ,  which a p p e a r s  
t o  form a number o f  d i f f e r e n t  beds  of 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  m e g a f o s s i l  d e b r i s ,  i n c l u d i n g  b rach iopods ,  bryozoans ,  echinoderms,  
m o l l u s k s ,  and o s t r a c o d e s .  P r e l i m i n a r y  examinat ion  o f  t h e s e  beds s u g g e s t  a 
debr is - f low o r i g i n ,  because  t h e y  rest a b r u p t l y  on and are o v e r l a i n  a b r u p t l y  by 
b l a c k  shale, t h e y  are ungraded,  have a p a r t l y  a r g i l l a c e o u s  matrix, and c o n t a i n  
u n s o r t e d  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  f ragments .  

The Kayak Shale 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 d e p o s i t e d  i n  
p r o g r e s s i v e l y  deepe r  w a t e r ,  e x c e p t  a t  i ts t o p  i n  t h e  c e n t r a l  and e a s t e r n  
Brooks Range, where it s h o a l s  upward i n t o  p l a t f o r m  l imes tone  o f  t h e  L i sburne  
Group. The b a s a l  s a n d s t o n e  r e p r e s e n t s  n e a r s h o r e  d e p o s i t i o n ,  p robab ly  i n  t i d a l  
sand f l a t s .  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  sou thwes t ,  s o u t h e a s t ,  and n o r t h e a s t  ( N i l s e n  and o t h e r s ,  
1980a).  The o v e r l y i n g  b l ack  s h a l e  r e p r e s e n t s  deepe r  marine s e d i m e n t a t i o n ,  
p robab ly  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 mass ive  f o s s i l i f e r o u s  
d e b r i s  f l ows  o f  a r g i l l a c e o u s  l imes tone  were resedimented  . 



MEASURED SECTIONS 
T i l l  Creek 

The upper p a r t  o f  t h e  Kanayut Conglomerate was measured near  t h e  
headwaters o f  T i l l  Creek, approximate ly  25 km south-southwest  of  Anaktuvuk 
Pass (T.36N., R.19W., Wiseman D-3 Quadrangle)  i n  t h e  c e n t r a l  Brooks Range 
( figs. 1 ,  2, and 4) .  The s e c t i o n  was measured i n  moderate ly  i n c l i n e d  south-  
d i p p i n g  s t r a t a  i n  t h r e e  p a r t s :  t h e  lower p a r t  on t h e  upper r eaches  o f  a 
nor thwest - t rending r i d g e  abou t  1 km west o f  h i l l  5035 ( s e c t i o n  9 and 16) ,  t h e  
middle p a r t  high on t h e  nor the rn  f l a n k  of h i l l  5035 ( s e c t i o n  101, and t h e  
upper p a r t  a long  t h e  r i d g e  t r e n d i n g  southwest  from h i l l  5035 ( s e c t i o n  15). 
The base o f  t h e  s e c t i o n  is bounded by a prominent high-angle f a u l t ;  t h e  t o p  o f  
t h e  s e c t i o n  is conformably o v e r l a i n  by t h e  Kayak S h a l e  and Lisburne 
Limestone. The s e c t i o n  totals 208 m i n  t h i c k n e s s ,  wi th  t h e  lower 198 m 
a s s igned  t o  t h e  S tuver  Member o f  t h e  Kanayut Conglomerate and t h e  upper 10 m 
ass igned  t o  t h e  Kayak Sha le  ( f i g .  5 ) .  A l l  o f  t h e  Ear Peak Member and Sha in in  
Lake Member and an undetermined t h i c k n e s s  o f  t h e  lower p a r t  o f  t h e  S t u v e r  
Member a r e  c u t  o u t  by f a u l t s  a t  t h i s  l o c a t i o n .  

The lower 198 m o f  t h e  section is d i v i s i b l e  into twenty fining-upward 
c y c l e s  which range from 4 m t o  27 m i n  t h i c k n e s s  and a r e  c h a r a c t e r i s t i c  o f  t h e  
S tuver  Member a t  its type  l o c a t i o n  ( N i l s e n  and Moore, 1982a). Fourteen c y c l e s  
c o n s i s t  of a lower sandy and an upper s h a l e y  p a r t ;  the remainder c o n t a i n  on ly  
sandstone.  The f u l l y  developed fining-upward c y c l e s  have c h a r a c t e r i s t i c s  
s i m i l a r  t o  c y c l e s  depos i t ed  by meandering r i v e r s .  Cycles which l a c k  s h a l e y  
upper p a r t s  may have had t h e i r  f ine-gra ined upper p a r t s  e n t i r e l y  removed by 
e r o s i o n  p r i o r  t o  d e p o s i t i o n  o f  t h e  nex t  ( o v e r l y i n g )  c y c l e .  A l t e r n a t i v e l y ,  t h e  
l a t t e r  c y c l e s  may r e p r e s e n t  d e p o s i t i o n  by meandering r i v e r s  t r a n s i t i o n a l  i n  
c h a r a c t e r  t o  bra ided streams. 

The lower sandy i n t e r v a l s  of t h e  c y c l e s  c o n s i s t  o f  m u l t i p l e  fining-upward 
sequences  which are s e p a r a t e d  by e r o s i o n a l  s u r f a c e s  t h a t  are commonly marked 
by ox id ized  l a y e r s  and i r o n - r i c h  c o n c r e t i o n s .  The sandy i n t e r v a l s  c o n t a i n  
medium- o r  coarse-gra ined sands tone  a t  t h e i r  base  which rests e r o s i o n a l l y  on 
t h e  under ly ing  cyc le .  Two c y c l e s  a r e  pebbly i n  t h e i r  lower p a r t s  (a t  47 m and 
63 m above t h e  base  o f  t h e  s e c t i o n )  and c o n t a i n  c l a s t s  up t o  1 cm i n  maximum 
dimension. A t h i r d  c y c l e  ( a t  123 m above t h e  base  o f  t h e  s e c t i o n )  c o n t a i n s  
abundant shale r ip-up c l a s t s ,  probably  eroded from under ly ing  f l o o d p l a i n  
d e p o s i t s ,  The sandy i n t e r v a l s  are most ly  t rough c r o s s - s t r a t i f i e d  o r  p a r a l l e l -  
s t r a t i f i e d ,  but  a r e  l o c a l l y  massive.  Trough c r o s s - s t r a t a  a r e  medium t o  l a r g e -  
s c a l e  a t  t h e  base  of each c y c l e ,  bu t  g e n e r a l l y  dec rease  upward i n  ampl i tude 
w i t h  gra in  size,  commonly cu lmina t ing  i n  r i p p l e d  f i n e -  o r  very  f ine-gra ined 
sandstone a t  t h e  t o p  o f  each sandy i n t e r v a l .  The lower sandy p a r t s  o f  t h e  
c y c l e s  average about  7 m i n  t h i c k n e s s  and are i n t e r p r e t e d  t o  be r i v e r  channel  
and po in t  bar  d e p o s i t s  o f  meandering r i v e r s .  

The upper s h a l e y  i n t e r v a l s  of t h e  c y c l e s ,  where b e s t  developed,  are up t o  
20 rn t h i c k  and c o n s i s t  of brown o r  gray ,  ripple-marked s i l t s t o n e  which g r a d e s  
upward i n t o  f i s s i l e ,  l amina ted ,  brown, g r a y  o r  black s h a l e .  P l a n t  f o s s i l s  are 
p a r t i c u l a r l y  abundant i n  b lack  s h a l e ,  b u t  a l s o  a r e  p r e s e n t  i n  t h e  o t h e r  f i n e r  
g r a i n e d  s t r a t a .  The s h a l e y  i n t e r v a l s  l o c a l l y  c o n t a i n  in terbedded graded 
s i l t s t o n e  l a y e r s  ( a t  100 m and 175 rn above t h e  base  of t h e  s e c t i o n )  o r  c o n t a i n  
5-to-50-cm-thick f i n e -  o r  ve ry  f ine-gra ined c r o s s - s t r a t i f i e d  sands tone  ( a t  50 
m and 180 m) . The s h a l e y  parts o f  t h e  fining-upward cycles are i n t e r p r e t e d  t o  



Figure 4.--Index map showing location of measured section of rhe 
Kanayut Conglomerate at Till Creek, Central Brooks Range. 
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Conglomerate 

. . Float lithology 

Conglomeratic sandstone 
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Shale or siltstone rip-up clasts 

Sandstone, trough cross-stratified 

Sandstone, tabular cross-stratified \ Coarsening-upward cycle 

Epsilon cross-stratification 

Siltstone and shale 

Coal 

Paleosol 

Current ripple marks 

Oscillation ripple marks 

Sand waves 

Mudcracks 

Syndepoaitional skrmp fold 

d' Paleocurrent azimuth 

0 Burrow, invertebrate 

Q Invertebrate fossil 

Q Plant fossil 

A\ Root cast 
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F i g u r e  5.--Measured s e c t i o n  of the Stuver Member 
of the Kanayut Conglomerate at Till Creek, 
central Brooks Range. See Figures 1 and 4 
for location of section. 
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r e p r e s e n t  f l o o d p l a i n  d e p o s i t s  which have been modif ied  by c r e v a s s e - s p l a y s  and 
p r o g r a d i n g  Levees. Red o x i d i z e d  l a y e r s  p r e s e n t  n e a r  t h e  t o p  o f  s e v e r a l  c y c l e s  
are i n t e r p r e t e d  t o  r e p r e s e n t  p a l e o s o l s  developed on t h e  l evee - top  o r  
f l o o d p l a i n  d e p o s i t s .  

The i n t e r v a l  from 170 m t o  198 m reflects t r a n s i t i o n  from t h e  f l u v i a l  
Kanayut Conglomerate t o  t h e  mar ine  Kayak S h a l e .  Because o f  t h e  dominance o f  
f l u v i a l  c h a r a c t e r i s t i c s ,  t h i s  i n t e r v a l  h a s  been a s s i g n e d  t o  t h e  S t u v e r  
Member. S t r a t a  between 170 and 180 m compr ise  a wel l -developed f ining-upward 
c y c l e  c o n s i s t i n g  of  t rough  c r o s s - s t r a t i f i e d  f i n e -  t o  medium-grained s a n d s t o n e  
a t  its base .  T h i s  c y c l e  h a s  a n  e r o s i o n a l  b a s e  and g r a d e s  upward i n t o  brown 
and b l a c k  r ipple-marked s i l t s t o n e .  It is o v e r l a i n  by 30 cm of r ed  f i n e -  t o  
v e r y  f i n e - g r a i n e d  s a n d s t o n e  which c o a r s e n s  up a t  i ts base and is marked by 
o s c i l l a t i o n  r i p p l e  markings which may be i n d i c a t i v e  o f  i n t e r t i d a l  
d e p o s i t i o n .  The o v e r l y i n g  70 cm o f  b r i g h t  r e d  s h a l e  ( a t  174 m) c o n t a i n s  
abundan t ,  we l l -p re se rved  b rach iopods  o f  la test  Famennian age  (J. T. Dutro ,  
w r i t t e n  commun., 1982) which are a l s o  i n d i c a t i v e  o f  mar ine  d e p o s i t i o n  b u t  were 
p robab ly  modif ied  by la te r  development o f  a p a l e o s o l .  These f a u n a ,  w i t h i n . t h e  
upper  30 m o f  t h e  Kanayut Conglomerate,  a l s o  i n d i c a t e  t h a t  t h e  Kanayut is 
whol ly  Devonian i n  a g e  a t  t h i s  l o c a t i o n  r a t h e r  t h a n  p o s s i b l y  p a r t l y  
M i s s i s s i p p i a n  a s  a t  o t h e r  l o c a t i o n s  i n  t h e  Brooks Range ( N i l s e n  and Moore, 
1982a) .  

The interval between 174 m t o  178 m c o n s i s t s  o f  b l a c k  s h a l e  and s i l t s t o n e  
w i t h  abundant  p l a n t  f ragments .  It is o v e r l a i n  by a s i n g l e  2-m-thick f i n i n g -  
upward sequence  c o n t a i n i n g  a b a s a l  f i n e -  to  medium-grained s a n d s t o n e  t h a t  is 
capped by a p a l e o s o l  developed i n  brown and b l a c k  s i l t s t o n e .  Above t h i s  is 1 4  
m o f  m u l t i p l e  fining-upward sequences  o f  t r o u g h  c r o s s - s t r a t i f i e d  medium- t o  
f i n e - g r a i n e d  s a n d s t o n e  w i t h  no i n t e r v e n i n g  s h a l e .  This t h i c k  s a n d s t o n e  u n i t  
c o n t a i n s  rare o x i d i z e d  h o r i z o n s  ( p a l e o s o l s ? )  and is i n t e r p r e t e d  t o  r e p r e s e n t  
f l u v i a l  channe l  and p o i n t  b a r  d e p o s i t s .  We b e l i e v e  t h a t  t h e  mixed f l u v i a l  and 
mar ine  s t rata  a t  t h e  t o p  o f  t h e  S t u v e r  Member r e f l e c t  i n t e r f i n g e r i n g  o f  
s ed imen t  d e p o s i t e d  i n  i n t e r d i s t r i b u t a r y  bays ,  b r a c k i s h  water swamps, 
f r e s h w a t e r  l a k e s ,  f l u v i a l  c h a n n e l s ,  p o i n t  b a r s  and f l o o d p l a i n s .  

The t h i c k  s a n d s t o n e  u n i t  a t  t h e  t o p  o f  t h e  S t u v e r  Member f i n e s  upward 
i n t o  7.5 m o f  i n t e r b e d d e d  brown, v e r y  f i n e - g r a i n e d  s a n d s t o n e  and s i l t s t o n e  of 
t h e  b a s a l  s a n d s t o n e  member of t h e  Kayak Shale. The b a s a l  s a n d s t o n e  member is 
t h i n l y  bedded,  micaceous and c o n t a i n s  abundant  r i p p l e  markings .  It is 
i n t e r p r e t e d  t o  have been d e p o s i t e d  under  n e a r s h o r e  mar ine  and i n t e r t i d a l  
c o n d i t i o n s ,  and g r a d e s  upwards i n t o  o f f s h o r e  mar ine  b l a c k  shale and mudstone 
of the overlying shale member of t h e  Kayak S h a l e .  

E i g h t  p a l e o c u r r e n t  measurements o b t a i n e d  from a x e s  o f  t rough  c r o s s -  
strata i n  t h e  lower  p a r t  o f  t h e  measured s e c t i o n  i n d i c a t e  t h a t  s ed imen t  
t r a n s p o r t  was toward t h e  s o u t h .  Two p a l e o c u r r e n t s  from t r o u g h  c r o s s - s t r a t a  i n  
t h e  t h i c k  s a n d s t o n e  u n i t  a t  t h e  t o p  o f  t h e  S t u v e r  member, however, i n d i c a t e  
t h a t  sediment  t r a n s p o r t  had changed toward t h e  west. The a z i m u t h a l  v e c t o r  
mean of a l l  t e n  measurements  from t h e  S t u v e r  Member is 228' with a s t a n d a r d  
d e v i a t i o n  of  53'. 



K a k i v i l a k  Creek 

Two s e c t i o n s  o f  t h e  upper  Kanayut Conglomerate and lower Kayak S h a l e  were 
measured i n  t h e  upper r e a c h e s  o f  Kak iv i l ak  Creek ,  abou t  20 km south-southwest  
of Kurupa Lake and 50 km s o u t h e a s t  of t h e  L i s b u r n e  Well s i t e  (T.32N., R.l8E., 
K i l l i k  River  q u a d r a n g l e ) ,  w e s t - c e n t r a l  Brooks Range (figs. 1 ,  2 ,  and 61. The 
f i r s t  s e c t i o n  ( s e c t i o n  A ,  f ig .  7 )  is 440 rn t h i c k  and i n c l u d e s  t h e  upper  p a r t  
of t h e  Ear Peak Member, t h e  e n t i r e  S h a i n i n  Lake and S t u v e r  Members and t h e  
lower p a r t  o f  t h e  Kayak S h a l e .  It was measured a l o n g  t h e  r i d g e  f l a n k  east o f  
t h e  southwestward-f lowing t r i b u t a r y  o f  K a k i v i l a k  Creek ,  i n  s e c t i o n  7 .  The 
second s e c t i o n  ( s e c t i o n  B ,  f i g .  7)  is 123 m t h i c k  and i n c l u d e s  a more 
d e t a i l e d ,  i n t e r e s t i n g ,  and be t t e r - exposed  t r a n s i t i o n a l  sequence  from t h e  upper 
S t u v e r  Member i n t o  t h e  b a s a l  s a n d s t o n e  member o f  t h e  Kayak S h a l e .  It was 
measured a l o n g  a small west-f lowing t r i b u t a r y  t o  t h e  southwest - f lowing 
t r i b u t a r y  mentioned above ,  i n  s e c t i o n  18. S e c t i o n  B c o n t a i n s  s p e c t a c u l a r  
examples o f  channe l  downcu t t ing ,  synsed imen ta ry  s lumping,  c o a l ,  and 
i n t e r f i n g e r i n g  o f  mar ine  and nonmarine f a c i e s .  

A s h a l e - r i c h  sequence  t h a t  i n c l u d e s  a s i n g l e  f ining-upward c y c l e  t h a t  is 
32 m t h i c k  composes t h e  measured p a r t  o f  t h e  Ea r  Peak Member ( s e c t i o n  A ,  fig. 
7 ,  from 0 t o  32 m above t h e  base  o f  t h e  s e c t i o n ) .  T h i s  v e r y  t h i c k  c y c l e  
c o n t a i n s  a b o u t  7 m o f  conglomera te  and s a n d s t o n e  a t  i ts b a s e  and a b o u t  25 m o f  
maroon shale w i t h  some i n t e r s t r a t i f i e d  r ipple-marked s i l t s t o n e  a t  its top .  
The l o w e s t  conglomera te  bed c o n t a i n s  a maximum c l a s t  s i z e  o f  3 cm and g r a d e s  
i r r e g u l a r l y  upward i n t o  a b o u t  5 m o f  t rough  c r o s s - s t r a t i f i e d  fine- t o  medium- 
g r a i n e d  s a n d s t o n e .  The t o p  o f  t h e  coa r se -g ra ined  p a r t  o f  t h e  c y c l e  c o n s i s t s  
o f  15 cm of  c u r r e n t  r ipple-marked f i n e - g r a i n e d  sands tone .  With in  t h e  
o v e r l y i n g  s h a l e  and s i l t s o n e  are abundant  p l a n t  f r agmen t s  and some r e d  and 
o range  weathered zones t h a t  we i n t e r p r e t  t o  be p o o r l y  developed p a l e o s o l s .  No 
p a l e o c u r r e n t s  were measured i n  t h e  Ear Peak Member. We i n t e r p r e t  t h e  c y c l e  t o  
r e p r e s e n t  d e p o s i t i o n  by a meandering stream. 

The S h a i n i n  Lake Member is a b o u t  63 m t h i c k ,  extending from 42 rn t o  105 rn 
above t h e  base  o f  s e c t i o n  A (fig. 7 ) .  It c o n s i s t s  a lmos t  whol ly  o f  
i n t e r b e d d e d  conglomera te  and s a n d s t o n e ,  w i t h  v i r t u a l l y  no s h a l e  c o n t a i n e d  
w i t h i n  i t .  Its base  and t o p ,  however, a r e  marked by t h i c k  maroon and b l a c k  
s h a l e  i n t e r v a l s ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  some o f  t h e  covered  i n t e r v a l s  i n  
t h e  S h a i n i n  Lake Member, which t o t a l  a b o u t  6 m o r  8-12 p e r c e n t  o f  t h e  s e c t i o n ,  
may c o n t a i n  some s h a l e  p a r t i n g s .  

S u b d i v i s i o n  of t h e  S h a i n i n  Lake Member i n t o  f ining-upward c y c l e s  is 
p o s s i b l e ,  b u t  t h e  c y c l e s  are n o t  we l l -de f ined  by s h a l e  b r e a k s  and t h e  c y c l e s  
c o u l d  easily be d e f i n e d  d i f f e r e n t l y  by o t h e r  workers .  We s u b d i v i d e  t h e  
S h a i n i n  Lake member i n t o  5 c y c l e s  t h a t  a v e r a g e  a b o u t  13 m i n  t h i c k n e s s .  The 
S h a i n i n  Lake Member appears t o  be c o a r s e s t  i n  its middle  p a r t ,  where c las t s  as 
l o n g  as 3 cm are p r e s e n t ,  and f i n e r  i n  its lower and upper p a r t s .  

Most o f  t h e  s e c t i o n  is similar t o  t h e  S h a i n i n  Lake Member f a r t h e r  t o  t h e  
e a s t .  It c o n s i s t s  o f  r e p e t i t i v e  f ining-upward c o u p l e t s  of mass ive  t o  c r u d e l y  
p a r a l l e l - s t r a t i f i e d  conglomera te  and cong lomera t i c  s a n d s t o n e  o v e r l a i n  by 
t rough  c r o s s - s t r a t i f i e d  f i n e -  t o  medium-grained sands tone .  I n d i v i d u a l  beds  
are g e n e r a l l y  l e n t i c u l a r  and abundant  s m a l l - s c a l e  channe l ing  is p r e s e n t .  
Ripple-marked f ine -g ra ined  s a n d s t o n e  and s i l t s t o n e  is uncommon. Rip-up c l a s t s  
of s h a l e  are common i n  some beds  o f  conglomera te  and sands tone .  Two 





pa leocur ren t  measurements o f  primary c u r r e n t  Lineat ion from t h e  Sha in in  Lake 
Member s u ~ g e s t  sediment t r a n s p o r t  t o  t h e  southwest  and sou th  (234' and 
173'). We i n f e r  t h a t  t h e  Sha in in  Lake Member was depos i t ed  by bra ided 
s t r eams ;  however, t h e  streams were t r a n s p o r t i n g  f i n e r  c l a s t  s i z e s  than  i n  
a r e a s  f a r t h e r  t o  the  e a s t ,  and t h e  c y c l i c  arrangement o f  bedding t h i c k n e s s  and 
coarseness  s u g g e s t s  a s u i t e  o f  s t reams wi th  c h a r a c t e r i s t i c s  r e f l e c t i n g  t h e  
t r a n s i t i o n  from braided t o  meandering. 

The S tuver  Member is 323 m t h i c k  i n  s e c t i o n  A ,  ex tend ing  from 105 m t o  
428 m above t h e  base  o f  t h e  s e c t i o n .  I n  s e c t i o n  B ,  a  p a r t i a l  t h i c k n e s s  o f  117 
m was measured i n  its upper p a r t  from 0 t o  117 m above t h e  base  o f  t h e  
s e c t i o n .  The lower p a r t  of t h e  S tuver  c o n s i s t s  o f  well-developed f i n i n g -  
upward c y c l e s  c h a r a c t e r i s t i c  o f  t h e  S tuver  i n  s e c t i o n  f a r t h e r  t o  t h e  e a s t .  
The upper p a r t ,  however, is more complex and c o n t a i n s  numerous i n t e r b e d s  o f  
marine and i n t e r t i d a l  f a c i e s  more c h a r a c t e r i s t i c  o f  t h e  b a s a l  sandstone member 
o f  t h e  Kayak Shale .  

The uppermost wel l -def ined fining-upward f l u v i a l  c y c l e  o f  t h e  S tuver  is 
p r e s e n t  between 300 and 350 rn above t h e  base  o f  s e c t i o n  A and between 0 and 43 
m above t h e  base  o f  s e c t i o n  B. Based on s t r a t i g r a p h i c  and geometr ic  
r e l a t i o n s h i p s  i n  t h e  f i e l d ,  we b e l i e v e  t h a t  t h e s e  fining-upward c y c l e s  a r e  
c o r r e l a t i v e  and r e p r e s e n t  t h e  uppermost complete ly  nonmarine p a r t  of  t h e  
Kanayut Conglomerate. The uppermost 78 rn of s e c t i o n  A (from 350 rn t o  428 m 
above t h e  base o f  t h e  s e c t i o n )  and t h e  uppermost 74 m o f  s e c t i o n  B (from 43 rn 
t o  117 rn above t h e  base  of the s e c t i o n )  r e p r e s e n t  t h e  t r a n s i t i o n a l ,  mixed 
f l u v i a l  and marine sequence,  r e l a t e d  on a l a r g e r  s c a l e  t o  i n t e r f i n g e r i n g  o f  
t h e  upper S tuver  Member and b a s a l  sands tone  member of t h e  Kayak Shale.  

The lower 245 m o f  t h e  S tuver  Member, its wholly f l u v i a l  p a r t ,  can be 
subdivided i n t o  9 fining-upward c y c l e s  t h a t  t y p i c a l l y  have conglomerate a t  t h e  
base and s h a l e  a t  t h e  top.  The c y c l e s  average about  27 m i n  t h i c k n e s s ,  of  
which about  1 /3  o f  t h e  t h i c k n e s s  c o n s i s t s  of s h a l e .  The c y c l e s  g e n e r a l l y  
i n c r e a s e  i n  t h i c k n e s s  upsec t ion .  The t h i c k n e s s  o f  t h e s e  c y c l e s  is much 
g r e a t e r  t h a n  most c y c l e s  i n  t h e  S tuver  Member t o  t h e  e a s t  o f  Kakivi lak  Creek, 
s u g g e s t i n g  t h a t  r i v e r s  were l a r g e r  i n  t h i s  a r e a  and f l o o d p l a i n s  more 
e x t e n s i v e l y  developed. 

The maximum c l a s t  s i z e  of t h e  lower S tuver  Member is 3 cm, and t h e  c l a s t  
s i z e  g e n e r a l l y  dec reases  upsec t ion  i n t o  t h e  upper t r a n s i t i o n a l  p a r t  o f  t h e  
S tuver  Member. The conglomerate is commonly p r e s e n t  a t  t h e  base o f  each 
c y c l e ,  but  a l s o  forms i n t e r b e d s  w i t h i n  t h e  lower p a r t s  o f  cyc les .  S h a l e  r i p -  
up c l a s t s  a r e  p resen t  w i t h i n  t h e  c y c l e s ,  p a r t i c u l a r l y  i n  the lower p a r t  of  t h e  
S t  uver . 

Most sandstone beds w i t h i n  t h e  S tuver  a r e  f i n e -  t o  medium-grained and 
have t rough c r o s s - s t r a t a .  The trough c r o s s - s t r a t a  dec rease  upward i n  
ampl i tude ,  e v e n t u a l l y  pass ing  i n t o  ripple-marked very  f ine -g ra ined  sandstone 
and s i l t s t o n e .  The ripple-marked sands tone  i n t e r v a l s  may c o n t a i n  abundant 
p l a n t  fragments and, l o c a l l y ,  r o o t  impress ions .  Pa1eosoI.s are p r e s e n t  i n  some 
sands tone- r i ch  sequences ,  such as i n  t h e  lowest  c y c l e  o f  t h e  S tuver  member 
(between 110 rn and 120 m above t h e  base  of t h e  s e c t i o n ) .  

The s h a l e  i n t e r v a l s  o f  t h e  lower S tuver  Member a r e  a s  t h i c k  as 25 m. 
They a r e  v a r i c o l o r e d ,  i n c l u d i n g  b l a c k ,  g r a y ,  maroon, r e d ,  brown, orange,  and 



Figure ?A,--Measured sections a t  Kakivilak Creek, west-central Brooks Range. 
A ,  Shainin Lake and Stuver  Members. 
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yellow. P l a n t  f o s s i l s  a r e  abundant i n  some of t h e  s h a l e  i n t e r v a l s ,  especially 
t h e  b lack s h a l e s .  P a l e o s o l s  a r e  very  common i n  some s h a l e  sequences.  Thin 
coarsening-upward c y c l e s  t h a t  a r e  1 t o  3 m t h i c k  and i n  some p l a c e s  capped 
by p a l e o s o l s  a r e  common is some s h a l e  i n t e r v a l s ,  p a r t i c u l a r l y  between 200 rn 
and 300 m above t h e  base  o f  s e c t i o n  A .  These t h i n  c y c l e s  c o n t a i n  most ly  
laminated and ripple-marked f ine-gra ined sands tone  and s i l  tstone and a r e  
i n t e r p r e t e d  t o  be formed by l e v e e s  prograding o u t  over  f l o o d p l a i n s .  

Only one p a l e o c u r r e n t  measurement was taken from t h e  lower wholly f l u v i a l  
p a r t  o f  t h e  S tuver  Member. Measured from t h e  t rough a x i s  of  a t rough c r o s s -  
s t r a t a  se t ,  i t  i n d i c a t e s  sediment t r a n s p o r t  t o  t h e  southwest  ( 229'). We 
i n t e r p r e t  t h e  lower p a r t  o f  t h e  S tuver  t o  have been depos i t ed  by meandering 
s t r eams ,  wi th  broad f l o o d p l a i n  a r e a s .  

The upper p a r t  o f  t h e  S tuver  Member, approximate ly  75 m t h i c k ,  c o n s i s t s  
o f  both  f l u v i a l  and marine rocks .  The upper c o n t a c t  wi th  t h e  b a s a l  sands tone  
member o f  t h e  Kayak Shale is placed by u s  a t  t h e  base  o f  t h e  cont inuous  
sequence of f ine -g ra ined ,  r ipple-marked,  b i o t u r b a t e d  sands tone  t h a t  does no t  
c o n t a i n  any in terbedded c o a r s e r  f l a t - 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  sands tone ,  
conglomerate,  o r  p lan t -bea r ing  s h a l e  ( f i g .  7A, B). 

I n  s e c t i o n  A ,  almost  50 pe rcen t  o f  t h e  upper S tuver  Member c o n s i s t s  of 
b lack  s h a l e  wi th  abundant p l a n t  d e b r i s .  The lower p a r t  c o n s i s t s  o f  two t h i n  
fining-upward c y c l e s  (fmm 352 m t o  368 m above t h e  base  of t h e  s e c t i o n )  t h a t  
appear  t o  be t y p i c a l  o f  most fining-upward f l u v i a l  c y c l e s  i n  t h e  S tuver  Member 
excep t  t h a t  no conglomerate is p r e s e n t  and t h e  c y c l e s  average on ly  8 m i n  
t h i c k n e s s .  The o v e r l y i n g  16 m c o n s i s t s  most ly  o f  b lack ,  p lan t -bea r ing  s h a l e  
wi th  i n t e r b e d s  o f  c u r r e n t  ripple-marked very  f i n e -  t o  f ine -g ra ined  sands tone  
and s i l t s t o n e .  Some o f  t h e s e  i n t e r b e d s  have marine burrows, i n d i c a t i n g  
d e p o s i t i o n  on a f l o o d p l a i n  that was partly inundated by marine wa te r s  from 
time t o  t ime ,  p o s s i b l y  i n  an i n t e r d i s t r i b u t a r y  bay a t  t h e  margins of t h e  
Kanayut d e l t a .  

Over lying t h e  s h a l e y ,  p o s s i b l e  i n t e r d i s t r i b u t a r y - b a y  i n t e r v a l  is a 9-m- 
t h i c k  fining-upward c y c l e  (from 384 m t o  393 rn above t h e  base  of t h i s  s e c t i o n )  
t h a t  c o n t a i n s  wavy bedding and herr ingbone c r o s s - s t r a t a  i n  its middle p a r t .  
Th i s  s u g g e s t s  that marine o r  t i d a l  c u r r e n t s  influenced d e p o s i t i o n  of sands  
w i t h i n  a p robab le  f l u v i a l  channel  near  t h e  margins of t h e  d e l t a .  

The uppermost c y c l e  (from 393 m t o  408 m above t h e  base  of t h e  s e c t i o n )  
of t h e  S tuver  Member i n  s e c t i o n  A is very  complex. The c o a r s e r  g ra ined  p a r t  
appears  i n  a gross way t o  coarsen  upward and t h e n  f i n e  upward a t  t h e  top.  A 
conglomerat ic  bed near  t h e  t o p  c o n t a i n s  pebbles  as long as 1 cm. Four 
p a l e o s o l s  a r e  p r e s e n t  w i t h i n  t h e  c y c l e ,  i n d i c a t i n g  s u b a e r i a l  exposure.  Rip-up 
c l a s t s  o f  p a l e o s o l  m a t e r i a l  a r e  p r e s e n t  i n  t h r e e  beds t h a t  d i r e c t l y  o v e r l i e  
and have e r o s i v e  c o n t a c t s  w i t h  t h e  p a l e o s o l s .  Wavy bedding and o s c i l l a t i o n  
r i p p l e  markings s u g g e s t i v e  o f  marine o r  t i d a l  c u r r e n t s  are p r e s e n t  i n  t h e  
lower and upper p a r t s  o f  t h e  c o a r s e r  p a r t  o f  t h e  c y c l e .  Almost 17 m o f  t h e  
b lack ,  carbonaceous,  p lan t -bea r ing  s h a l e  t h a t  does  not  c o n t a i n  any marine 
burrows forms t h e  top of t h e  S tuver  Member i n  s e c t i o n  A. 

The upper p a r t  of t h e  S tuver  Member i n  s e c t i o n  B, from 43 m t o  117 m 
above t h e  base  of t h e  s e c t i o n ,  is more complex than  t h a t  of s e c t i o n  A (fig. 
7 ) .  The lower two t h i n  fining-upward c y c l e s  may c o r r e l a t e  wi th  t h e  two t h i n  



f ining-upward c y c l e s  i n  t h e  lower p a r t  o f  t h e  S t u v e r  i n  s e c t i o n  A. These 
c y c l e s , f r o m  43 m t o  54 m above  t h e  base  o f  t h e  s e c t i o n ,  c o n s i s t  mos t ly  o f  
f i n e - g r a i n e d  o r  v e r y  f ine -g ra ined  s a n d s t o n e  that is t rough  c r o s s - s t r a t i f i e d  
l amina ted  and r ipple-marked.  The c y c l e s  a v e r a g e  5.5 m t h i c k  and t h e  upper  
c y c l e  c o n t a i n s  an  unusua l  bed o f  conglomera te  n e a r  its top .  

Both o f  t h e s e  t h i n ,  l ower  f l u v i a l  c y c l e s  are cut  i n t o  by a major  
c o n g l o m e r a t e - f i l l e d  channe l  t h a t  forms t h e  base  o f  a  v e r y  t h i c k  and complexly 
o r g a n i z e d  f ining-upward c y c l e .  T h i s  c y c l e  is 33 m t h i c k  and e x t e n d s  t o  87 m 
above t h e  base  o f  t h e  s e c t i o n .  It c o n t a i n s  abundant  conglomera te ,  w i t h  c l a s t s  
as l o n g  as 3 cm, and s e v e r a l  i n t e r v a l s  o f  r ip-up  c l a s t s .  Trough c r o s s - s t r a t a  
are abundant  i n  t h e  lower part  of t h e  c y c l e  and t a b u l a r  c r o s s - s t r a t a  i n  t h e  
upper  p a r t .  No sed imen ta ry  f e a t u r e s  t h a t  a r e  c l e a r l y  mar ine  o r  t i d a l  were 
noted  i n  t h e  s e c t i o n ,  which a p p e a r s  t o  be m o s t l y ,  if no t  comple t e ly ,  f l u v i a l  
i n  o r i g i n .  The upper  12 m of t h e  c y c l e  c o n s i s t s  mos t ly  o f  b l a c k  s h a l e  w i t h  
t h i n  coarsening-upward c y c l e s  of c u r r e n t  r ipple-marked s i l t s t o n e  and v e r y  
f i n e - g r a i n e d  s a n d s t o n e  t h a t  we i n t e r p r e t  t o  be p r o g r a d i n g  l e v e e  d e p o s i t s .  I t  
is i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  t h i c k ,  coa r se -g ra ined ,  f l u v i a l  c y c l e  
c o r r e l a t e s  w i t h  t h e  t h i c k ,  f i n e - g r a i n e d ,  l o w e s t  mar ine  o r  p a r t l y  mar ine  
i n t e r v a l  o f  s e c t i o n  A. T h i s  marked chanqe i n  f a c i e s  ove r  a d i s t a n c e  of a b o u t  
1 km is c o n s i s t e n t  w i t h  t h e  a b r u p t  facies changes noted  i n  most modern d e l t a -  
f r o n t  s e t t i n g s .  

Above t h e  t h i c k  c y c l e  is a t h i n ,  g e n e r a l l y  f ining-upward c y c l e  t h a t  
e x t e n d s  f o r  87 m t o  91 m above  t h e  base  o f  t h e  s e c t i o n .  The e n t i r e  4-m-thick 
c y c l e  is c o n t o r t e d ,  fo lded  and deformed by a p p a r e n t  synsed imen ta ry  slumping.  
Wavy bedding  i n  s a n d s t o n e  u n i t s ,  s h a l e  d r a p e s ,  and mar ine  burrows s u g g e s t  a 
mar ine  o r i g i n  for  t h i s  c y c l e ,  which is capped by a t h i n  black s h a l e  t h a t  
c o n t a i n s  abundant  p l a n t  f o s s i l s  and mar ine  burrows,  The d i s t u r b e d  n a t u r e  o f  
this unit suggests d e l t a - f r o n t  i n s t a b i l i t y ,  p o s s i b l y  as a r e s u l t  o f  sediment  
l o a d i n g  o r  s e i s m i c i t y .  

The o v e r l y i n g  8 m c o n s i s t s  of i n t e r b e d d e d  f i n e -  t o  medium-grained 
s a n d s t o n e  t h a t  is c h a r a c t e r i z e d  by wavy bedding ,  lens-shaped beds ,  t a b u l a r  
c r o s s - s t r a t a  and c u r r e n t  r i p p l e  markings ,  and b l ack  s h a l e  and r ipple-marked 
s i l t s t o n e .  We c o n s i d e r  t h i s  i n t e r v a l  t o  be o f  mar ine  o r  t i d a l  o r i g i n .  

Over ly ing  t h i s  i n t e r v a l  is a f ining-upward c y c l e  t h a t  is dominant ly  
f l u v i a l  i n  o r i g i n  bu t  c o n t a i n s  a mar ine- inf luenced b a s a l  bed. The c y c l e ,  from 
99 m t o  108 m above t h e  base  o f  t h e  s e c t i o n ,  is capped by b l a c k  s h a l e  t h a t  
c o n t a i n s  a c o a l  t h a t  is s e v e r a l  meters t h i c k .  A t  t h e  b a s e  o f  t h e  b l a c k  s h a l e  
is a p o o r l y  developed p a l e o s o l .  

The uppermost 9 m o f  t h e  S t u v e r  Member i n  s e c t i o n  B c o n s i s t s  o f  l e n s -  
shaped beds  o f  f i n e -  t o  medium-grained s a n d s t o n e  t h a t  c o n t a i n  wavy bedding ,  
t a b u l a r  c r o s s - s t r a t a ,  and c u r r e n t  r i p p l e  markings.  Some t h i n  b l a c k  s h a l e  
i n t e r v a l s  s e p a r a t e  t h e  beds  of s a n d s t o n e .  Marine burrows are p r e s e n t  i n  one 
s h a l e  i n t e r v a l .  Except  f o r  p o s s i b l y  t h e  base  of t h e  9 m-thick sequence  which 
c o n s i s t s  o f  a f ining-upward mass ive  bed of medium-grained s a n d s t o n e  t h a t  is 
channeled  i n t o  t h e  u n d e r l y i n g  b l a c k  s h a l e ,  t h i s  p a r t  o f  t h e  S t u v e r  a p p e a r s  t o  
be  m o s t l y  o f  mar ine  o r  t i d a l  o r i g i n .  

Two p a l e o c u r r e n t  measurements from t h e  upper S t u v e r  Member i n d i c a t e  
s ed imen t  t r a n s p o r t  t o  t h e  s o u t h  (195') and east ( 8 3 O ) .  Both measurements were 



from t a b u l a r  c r o s s - s t r a t a  w i t h i n  t h e  t h i c k ,  probably  most ly  f l u v i a l  c y c l e  i n  
s e c t i o n  B. The Kayak S h a l e  i n  bo th  s e c t i o n  A and B c o n s i s t s  o f  t h i n l y  bedded, 
v e r y  f i n e -  t o  f ine -g ra ined ,  c u r r e n t  r ipple-marked,  b i o t u r b a t e d  sands tone  
in te rbedded  w i t h  b i o t u r b a t e d  b lack  s h a l e .  The sands tone  beds o f  t h e  b a s a l  
Kayak a r e  g e n e r a l l y  l e s s  than 5 cm t h i c k  and c o n t a i n  a lmost  omnipresent  r i p p l e  
markings. 

S i a v l a t  Mountain 

A complete s e c t i o n  o f  t h e  Kanayut Conglomerate was measured a l o n g  t h e  
n o r t h e a s t  f l a n k  o f  S i a v l a t  Mountain, abou t  50 km s o u t h  o f  t h e  L i sburne  Well 
s i t e  i n  t h e  K i l l i k  River  quadrangle  (3.25,  T.31N., R.14E) w e s t - c e n t r a l  Brooks 
Range (figs. 1 ,  2 ,  and 6 ) .  The lower p a r t  o f  t h e  s e c t i o n  was measured up a 
s t e e p  r i d g e  forming t h e  n o r t h e a s t  flank o f  S i a v l a t  Mountain and t h e  upper p a r t  
down a d i p  s l o p e  i n t o  a small s a d d l e  i n  which t h e  Lower p a r t  o f  t h e  o v e r l y i n g  
Kayak S h a l e  is p rese rved .  About 79 m of t h e  u n d e r l y i n g  Noatak Sandstone ,  228 
m o f  t h e  Kanayut Conglomerate, and 12 m o f  t h e  Kayak Sha le  were measured, a 
t o t a l  t h i c k n e s s  o f  319 m o f  s e c t i o n  ( f i g .  8 ) .  

The upper Noatak Sandstone c o n s i s t s  of a l t e r n a t i n g  beds of v e r y  f i n e - ,  
f i n e - ,  and f i n e -  t o  medium-grained sands tone  t h a t  a r e  n o t  organized i n t o  
d i s t i n c t  f i n i n g -  o r  coarsening-upward c y c l e s .  The f i n e r  g r a i n e d  beds c o n t a i n  
s u b p a r a l l e l  l a m i n a t i o n s  and r ipple-markings ,  t h e  c o a r s e r  g r a i n e d  beds t rough  
c r o s s - s t r a t a  o r ,  l o c a l l y ,  wavy bedding and p a r a l l e l  s t r a t i f i c a t i o n .  Tabular  
cross-strata are common i n  beds o f  f i n e -  t o  medium-grained sands tone  i n  t h e  
upper 12 m o f  t h e  measured s e c t i o n .  The r i p p l e  markings are most ly  c u r r e n t  
r i p p l e  markings ,  bu t  wave o r  o s c i l l a t i o n  r i p p l e  markings are a l s o  common. The 
u n i t  is g e n e r a l l y  f l a g g y ,  w i t h  bedding t h i c k n e s s e s  t h a t  range from 1 t o  10 cm 
and ave rage  abou t  3 em. 

One t h i n  i n t e r b e d  o f  b lack  s h a l e  is p r e s e n t  a t  abou t  52 m above t h e  base  
o f  t h e  s e c t i o n .  S h a l e  p a r t i n g s  are common i n  many o f  t h e  sands tone  beds ,  
e s p e c i a l l y  as t h i n  d r a p e s  over  wel l -preserved wave r i p p l e s .  S h a l e  r ip-up 
c l a s t s  a r e  p r e s e n t  i n  one bed o f  t rough c r o s s - s t r a t i f i e d  and wavy bedded fine- 
t o  medium-grained sands tone  a t  76 m above t h e  base o f  t h e  s e c t i o n .  Most of 
t h e  covered i n t e r v a l s ,  which form 49 m o f  t h e  t o t a l  79 m f o r  t h e  Noatak appear  
t o  Se u n d e r l a i n  by sands tone  r a t h e r  than  s h a l e .  Thus, t h e  Noatak Sandstone i n  
t h i s  a r e a  a p p e a r s  t o  c o n t a i n  fewer s h a l e  b reaks  t h a n  t h e  Kanayut Conglomerate. 

Marine burrows a r e  abundant throughout  t h e  Noatak s e c t i o n  b u t  a r e  
g e n e r a l l y  conf ined  t o  t h e  Laminated and r i p p l e d  f i n e r  g r a i n e d  beds o f  
sands tone  and s h a l e .  No m e g a f o s s i l s  were found i n  t h e  s e c t i o n .  

Seven p a l e o c u r r e n t  measurements were o b t a i n e d  from medium-scale t rough 
c r o s s - s t r a t a ,  t a b u l a r  c r o s s - s t r a t a ,  primary c u r r e n t  lineations, and c u r r e n t  
r i p p l e  markings.  They i n d i c a t e  dominant f low toward t h e  west-southwest ,  w i t h  
a mean of 252' f o r  six measurements wi th  t h a t  o r i e n t a t i o n ;  t h e  seven th  
measurement i n d i c a t e s  c u r r e n t  flow t o  t h e  s o u t h e a s t  ( 141°). The az imutha l  
v e c t o r  mean and s t a n d a r d  d e v i a t i o n  o f  a l l  seven measurements is 2 3 ~ ~ ~ 7 8 ' .  

The upper Noatak Sandstone  i n  t h e  S i a v l a t  Mountain a r e a  a p p e a r s  
r e p r e s e n t a t i v e  of sed imen ta t ion  on a marine s h e l f  c h a r a c t e r i z e d  by f low o f  
c u r r e n t s  a c r o s s  t h e  s h e l f ,  c h i e f l y  toward t h e  west-southwest ,  t h e  p robab le  
o f f s h o r e  d i r e c t i o n .  Wave r i p p l e s  sugges t  water  d e p t h s  were probably  less than 



30 rn and abundant b i o t u r b a t i o n  i n d i c a t e s  t h e  presence  o f  in fauna .  The l a c k  o f  
prominent d e p o s i t i o n a l  c y c l e s  s u g g e s t  s h e l f  d e p o s i t i o n  i n  an  a r e a  d i s t a n t  from 
channel-mouth b a r s  and p r o g r a d a t i o n a l  c y c l e s  a s s o c i a t e d  w i t h  t h e  Kanayut 
d e l t a .  We e s t i m a t e d  i n  t h e  f i e l d  an a d d i t i o n a l  200 m o f  Noatak below t h e  base  
of t h e  measured s e c t i o n ,  s u g g e s t i n g  a t o t a l  t h i c k n e s s  f o r  t h e  Noatak a t  
S i a v l a t  Mountain o f  about  280 m. 

The Kanayut Conglomerate a t  S i a v l a t  Mountain can be roughly  d iv ided  i n t o  
t h r e e  u n i t s  t h a t  may c o r r e l a t e  w i t h  its t h r e e  members as de f ined  a t  S h a i n i n  
Lake i n  t h e  e a s t - c e n t r a l  Brooks Range (Bowsher and Dutro,  1957; Ni lsen  and 
Moore, 1982a).  b p p i n g  by Brosge and o t h e r s  (1982,  Plate 1 )  shows t h e  
presence  o f  on ly  t h e  Ear Peak Member and S tuver  Member a t  S i a v l a t  Mountain. 
However, o u r  measured s e c t i o n  c o n s i s t s  of t h e  fo l lowing  u n i t s  i n  a scend ing  
o r d e r :  ( 1 ) 67 m o f  fining-upward c y c l e s  in t e rbedded  wi th  f i n e -  t o  medium- 
g r a i n e d  sands tone  w i t h  some ve ry  t h i n  s h a l e  b reaks  (from 79 m t o  146 m i n  the 
s e c t i o n ) ;  (2) 122 m o f  fining-upward c y c l e s  of conglomerate ,  sandstone  and 
s h a l e  (from 146 m t o  268 rn i n  t h e  s e c t i o n ) ;  and ( 3 )  39 m o f  fining-upward 
c y c l e s  of sands tone  wi th  t h i c k e r  s h a l e  breaks  (from 268 m t o  307 m i n  t h e  
s e c t i o n ) .  These t h r e e  u n i t s  do no t  e x a c t l y  f i t  t h e  d e f i n i t i o n s  o f  t h e  t h r e e  
members o f  t h e  Kanayut proposed by Ni lsen  and Moore (1982a) ;  i n  t h i s  
p r e l i m i n a r y  r e p o r t ,  t h e y  w i l l  be i n f o r m a l l y  r e f e r r e d  t o  as  u n i t s  1 ,  2 and 3 i n  
a scend ing  s t r a t i g r a p h i c  o r d e r .  

Unit  1 can be subdivided i n t o  f i v e  fining-upward c y c l e s  t h a t  ave rage  13.4 
m in t h i c k n e s s .  S h a l e  is a lmost  t o t a l l y  l a c k i n g  excep t  a s  t h i n  p a r t i n g s  
a s s o c i a t e d  w i t h  ripple-marked ve ry  f ine -g ra ined  sands tone  a t  t h e  t o p s  o f  t h e  
c y c l e s .  However, r ip-up c l a s t s  o f  t h e  s h a l e  are abundant throughout  u n i t  1 
and sugges t  t h a t  s h a l e  was o r i g i n a l l y  d e p o s i t e d  on su r round ing  f l o o d p l a i n s  bu t  
was s t r i p p e d  away by e r o s i o n  dur ing  channel  migra t ion .  Unit  1 g r a d u a l l y  
c o a r s e n s  upward, c o n t a i n i n g  c h i e f l y  f i n e -  t o  medium-grained sands tone  i n  its 
lower c y c l e s  and medium- t o  coarse-grained sands tone  i n  its upper cycles. 

A s o i l  hor izon is p r e s e n t  about  4 m above t h e  base  o f  t h e  lowest  c y c l e  
and i n d i c a t e s  s u b a e r i a l  weather ing.  Above t h e  s o i l  ho r i zon  is a medium- 
g r a i n e d ,  t rough c r o s s - s t r a t i f i e d  sands tone  t h a t  i s  2.7 m t h i c k .  It is i n  t u r n  
o v e r l a i n  by abou t  one meter o f  marine s t r a t a  t h a t  c o n t a i n s  o s c i l l a t i o n  r i p p l e  
markings and shale drapes  (86-87 m above t h e  base  o f  t h e  s e c t i o n ) .  Thus, t h e  
lowes t  f l u v i a l  c y c l e  o f  t h e  Kanayut a t  S i a v l a t  Mountain c o n t a i n s  one marine 
i n t e r b e d  i n  its upper p a r t .  

P a l e o c u r r e n t s  from primary c u r r e n t  l i n e a t i o n s  i n  u n i t  1 sugges t  
sedimentary  t r a n s p o r t  toward t h e  west -southwest ,  w i t h  an az imutha l  mean o f  
255' based on t h e s e  measurements. A s i n g l e  p a l e o c u r r e n t  from t h e  marine 
i n t e r v a l  i n  t h e  lowes t  c y c l e ,  based on measurement o f  t a b u l a r  c r o s s - s t r a t a ,  
s u g g e s t s  eas tward  sediment t r a n s p o r t ,  w i th  an az imutha l  d i r e c t i o n  o f  93'. 
T h i s  s u g g e s t s  t h a t  marine c u r r e n t s ,  p o s s i b l y  d u r i n g  a s torm i n t e r v a l ,  washed 
and t r a n s p o r t e d  sand i n t o  t h e  mouth o f  a r i v e r  channel  a long  t h e  margins o f  
t h e  Kanayut d e l t a .  

Unit  2 o f  t h e  Kanayut Conglomerate can be subdivided into nine f i n i n g -  
upward c y c l e s  t h a t  ave rage  13.6 m i n  t h i c k n e s s ,  approximate ly  t h e  same as 
t h o s e  from u n i t  1 .  The conglomerate i n  u n i t  2 has  a maximum c l a s t  size of 1.5 
cm. Beds of massive conglomerate and cong lomera t i c  sands tone  a t  the base  o f  
fining-upward c y c l e s  a r e  as t h i c k  a s  9 m, Most c y c l e s  i n  unit 2 c o n s i s t ,  i n  



Figure 8.--Measured section of the  upper part of t h e  Noatak Sandstone ,  t h e  
Kanayut Conglomerate, and the basal p a r t  o f  the Kayak Shale a t  Siav lat  
Mountain, west-central Brooks Range. See Figures 1 and 6 f a r  location of 
section. 
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ascending o r d e r ,  o f  a b a s a l  massive conglomerate o r  conglomerat ic  sandstone 
t h a t  may c o n t a i n  r ip-up c l a s t s  o f  s h a l e ,  p a r a l l e l - s t r a t i f i e d  coarse-gra ined 
sands tone ,  t rough c r o s s - s t r a t i f i e d  f i n e -  t o  coarse-gra ined sands tone ,  
laminated and ripple-marked very  f i n e -  t o  f ine-gra ined sands tone  and 
s i l t s t o n e ,  and shale t h a t  r anges  i n  c o l o r  from b lack  t o  red-brown. S h a l e  is 
p r e s e n t  a t  t h e  t o p  o f  only  5 o f  t h e  9 c y c l e s  o f  u n i t  2. The b a s a l  massive 
beds are t y p i c a l l y  channeled i n t o  t h e  s h a l e  o r  t h i n l y  in te rbedded  ve ry  Fine- 
g ra ined  sands tone  and s i l t s t o n e .  One p a l e o c u r r e n t  measurement of primary 
c u r r e n t  l i n e a t i o n  i n d i c a t e s  flow toward t h e  west-north-west , 294'. 

Unit  3 o f  t h e  Kanayut Conglomerate c o n s i s t s  o f  3 fining-upward c y c l e s  
t h a t  average 13 m i n  t h i c k n e s s .  Unit 3 h a s  s h a l e  i n t e r v a l s  a s  t h i c k  a s  5 m 
and t h e  lowest  conglomerate and sands tone  t o  s h a l e  r a t i o  i n  t h e  Kanayut a t  
S i a v l a t  Mountain. I n  f a c t ,  it c o n t a i n s  no conglomerate;  t h e  lowest  c y c l e  
starts w i t h  very  coarse-gra ined sands tone  t h a t  c o n t a i n s  abundant r ip-up c l a s t s  
of s h a l e  and t h e  two o v e r l y i n g  c y c l e s  s t a r t  wi th  t rough c r o s s - s t r a t i f i e d  f i n e -  
t o  medium-grained sandstone.  The s h a l e  a t  t h e  t o p s  of t h e  c y c l e s  is  b lack .  
Fine t o  medium-grained, t rough c r o s s - s t r a t i f i e d  sands tone  is t h e  dominant bed 
t y p e  i n  u n i t  3. No p a l e o c u r r e n t s  were measured from u n i t  3 .  The az imutha l  
v e c t o r  mean and s t a n d a r d  d e v i a t i o n  o f  7 p a l e o c u r r e n t  measurements from t h e  
Kanayut Conglomerate a t  S i a v l a t  Mountain is 2 3 ~ ~ ~ 6 9 ' .  

The b a s a l  sandstone member of t h e  Kayak S h a l e ,  o f  which about  12 m was 
measured, c o n s i s t s  o f  t h r e e  i n t e r s t r a t i f i e d  l i t h o l o g i e s :  ( 1 )  f ine -g ra ined ,  
c r o s s - s t r a t i f i e d  sands tone ,  (2 )  i n t e r l a m i n a t e d  very  f ine-gra ined ripple-marked 
sands tone ,  s i l t s t o n e ,  and s h a l e ,  and (3) black  s h a l e .  

The sandstone is q u a r t z i t i c  and h a s  a s i l i c e o u s  cement. Marine burrows 
a r e  common i n  t h e  f i n e r  g r a i n e d  s t ra ta ,  a l though  no megafoss i l s  were found i n  
p lace .  The c r o s s - s t r a t i f i e d  beds a r e  c h a r a c t e r i z e d  by t a b u l a r  c r o s s - s t r a t a  
and a r e  l o c a l l y  lens-shaped. One bed c o n t a i n s  imbr ica ted  r ip-up c l a s t s  o f  
mudstone throughout  and a second c o n t a i n s  herr ingbone c r o s s - s t r a t a  s u g g e s t i v e  
o f  r e v e r s i n g  c u r r e n t  flows and t i d a l  in f luence .  The ripple-marked sands tone  
u n i t  c o n t a i n s  most ly  c u r r e n t  r i p p l e  markings with  s h a l e  d r a p e s ,  forming f l a s e r  
bedding. The b lack  s h a l e  unit is e x t e n s i v e l y  burrowed and p l a t y  i n  c h a r a c t e r .  

Two p a l e o c u r r e n t s  measured from med ium-scale c r o s s - s t r a t a  i n  t h e  lower 
p a r t  of t h e  Kayak i n d i c a t e  s o u t h e r l y  c u r r e n t  flow wi th  an az imutha l  mean o f  
194O.  The g e n e r a l  c h a r a c t e r  o f  t h e  b a s a l  sandstone o f  t h e  Kayak su f fges t s  
nea r shore  marine and i n t e r t i d a l  sed imenta t ion .  Current  v e l o c i t i e s  were 
g e n e r a l l y  low, and only  f ine -g ra ined ,  t e x t u r a l l y  and compos i t iona l ly  mature 
sediment was depos i t ed .  

tlHuskyw Mountains 

Three s e c t i o n s  o f  Kanayut Conqlomerate, l a b e l e d  A ,  B ,  and C ,  were 
measured i n  t h e  "Husky" Mountains about  65 km nor th -nor theas t  o f  t h e  town o f  
Noatak and nor thwest  o f  t h e  conf luence  of t h e  Noatak and Ke l ly  Rivers  ( f i g .  
9 ) .  Sec t ion  A ( f i e l d  l o c a l i t y  81-TN-36) was measured a long  a west - t rending 
r i d g e  spur  (3.14, T.31N., R.17W., DeLong Mountains quadrang le )  a c r o s s  t h e  
c o n t a c t  o f  t h e  Noatak Sandstone and Kanayut Conglomerate ( f i g .  10). S e c t i o n  B 
( f i e l d  l o c a l i t y  81-TN-34) was measured a long  a nor th - t r end ing  r i d g e  spur (3.9, 
T.31N., R,17W., DeLong Mountains quadrangle)  a c r o s s  t h e  c o n t a c t  o f  t h e  Kanayut 
Conglomerate and Kayak Sha le  ( f i g .  1 1 ) .  S e c t i o n  C ( f i e l d  l o c a l i t y  81-TN-33) 



was measured a long a  southwest - t rending r i d g e  c r e s t  (S. 16, T.  31 N. ,  R .  17W., 
DeLong Mountains quadrang le )  a c r o s s  t h e  c o n t a c t  of t h e  Noatak Sandstone and 
Kanayut Conglomerate, bu t  c o n s i s t s  most ly  o f  Kanayut Conglomerate ( f i g .  1 2 ) .  

The t h r e e  s e c t i o n s  provide  a  g e n e r a l  framework f o r  unders tanding t h e  
s t r a t i g r a p h y  o f  t h e  End ico t t  Group and,  i n  p a r t i c u l a r ,  t h e  Kanayut 
Conglomerate i n  t h e  "HuskyR Mountains. The lower c o n t a c t  o f  t h e  Kanayut is 
well observed i n  s e c t i o n s  A and C ,  and t h e  upper p a r t  i n  s e c t i o n  8 .  
Unfor tuna te ly ,  we were not  a b l e  t o  measure a  complete s e c t i o n  of  t h e  Kanayut 
Conglomerate. Incomplete t h i c k n e s s e s  o f  about 140 m, 58 m ,  and 233 m o f  
Kanayut were measured i n  s e c t i o n s  A ,  B and C ,  r e s p e c t i v e l y .  We b e l i e v e  t h a t  
t h e  233 m of Kanayut measured i n  s e c t i o n  C is c l o s e  t o  t h e  t o t a l  t h i c k n e s s  of  
Kanayut i n  t h e  llHusky" Mountains, which is probably  on t h e  o r d e r  of 250-300 
m. The s t r a t i g r a p h y  o f  t h e  reg ion  is d i scussed  i n  ascending s t r a t i g r a p h i c  
o rde r .  

The Noatak Sandstone u n d e r l i e s  t h e  Kanayut and is probably a t  l e a s t  a  
couple  of hundred mete r s  t h i c k .  We measured a  few meters  o f  it  i n  s e c t i o n  A 
and about  18 m of it i n  s e c t i o n  C. We es t ima ted  a  t h i c k n e s s  of about 100 m o f  
Noatak Sandstone a t  s e c t i o n  C,  which is bounded by a f a u l t  a t  its base.  

In s e c t i o n  A ,  t h e  uppermost p a r t  o f  t h e  Noatak c o n s i s t s  of a l t e r n a t i n g  
beds o f  conglomerat ic ,  coarse-gra ined sandstone and medium-grained 
sandstone.  The maximum c l a s t  s i z e  observed was 1 cm. The sandstone is trough 
c r o s s - s t r a t i f i e d  and c a l c a r e o u s ,  wi th  bedding t h i c k n e s s e s  o f  5 t o  15 cm. I n  
s e c t i o n  C,  t h e  Noatak c o n s i s t s  o f  s i m i l a r  medium- t o  coarse-gra ined,  t rough 
c r o s s - s t r a t i f i e d ,  c a l c a r e o u s  sandstone t h a t  c o n t a i n s  i n t e r s t r a t i f i e d  i n t e r v a l s  
of b i o t u r b a t e d ,  massive,  f i n e -  t o  medium-grained c a l c a r e o u s  sandstone.  
Beneath the measured i n t e r v a l  o f  s e c t i o n  C ,  t h e  Noatak Sandstone c o n t a i n s  some 
conglomerate ,  wi th  a maximum c l a s t  s i z e  o f  3 cm, and t h e r e  a r e  some s c a t t e r e d  
f ragments  o f  p l a n t  f o s s i l s  i n  it. No s h a l e  o r  mudstone was observed i n  e i t h e r  
s e c t i o n  o f  t h e  Noatak. 

The Kanayut Conglomerate c o n s i s t s  o f  a s e r i e s  of r e p e t i t i v e  fining-upward 
c y c l e s  t h a t  a r e  commonly s e p a r a t e d  by red o r  b lack s h a l e  i n t e r v a l s .  Eleven 
c y c l e s  from t h e  Lower Kanayut, ave rag ing  about  13 m i n  t h i c k n e s s ,  a r e  p r e s e n t  
i n  s e c t i o n  A ,  4 c y c l e s  from t h e  upper Kanayut, ave rag ing  14.5 m i n  t h i c k n e s s ,  
a r e  p r e s e n t  i n  s e c t i o n  B,  and 27 c y c l e s  from t h e  lower ,  middle,  and p o s s i b l y  
upper Kanayut, ave rag ing  about  8.5 m i n  t h i c k n e s s ,  a r e  p r e s e n t  i n  s e c t i o n  C. 
The c y c l e s  t y p i c a l l y  begin  wi th  a conglomerate o r  sandstone t h a t  o v e r l i e s  and 
is channeled i n t o  s h a l e .  

The lower p a r t  of  t h e  Kanayut i n  s e c t i o n s  A and C c o n t a i n s  
i n t e r s t r a t i f i e d  marine rocks i n  t h e  c y c l e s .  These marine rocks ,  c o n s i s t i n g  o f  
p r i n c i p a l l y  trough c r o s s - s t r a t i f i e d  sandstone and conglomerat ic  sands tone ,  
resemble very  c l o s e l y  t h e  under ly ing  Noatak Sandstone.  The marine rocks  have 
a c a l c a r e o u s  cement, l o c a l l y  c o n t a i n  marine burrows, and are p r e s e n t  i n  t h e  
middle p a r t s  o f  t h e  o the rwise  f l u v i a l  c y c l e s .  Some p a l e o c u r r e n t s  measured 
from t h e  marine p a r t s  o f  t h e  c y c l e s  i n d i c a t e  flow d i r e c t i o n s  toward t h e  east- 
s o u t h e a s t  rather than  west-southwest ,  a s  t h e  p a l e o c u r r e n t s  from t h e  f l u v i a l  
p a r t s  o f  t h e  c y c l e s  i n d i c a t e .  The marine rocks  a r e  shown i n  s e c t i o n s  A and C 
wi th  v e r t i c a l  l i n e s  t o  t h e  r i g h t  of  t h e  s e c t i o n s ,  under t h e  heading "carbonate  
cement" ( f i g s .  10 and 12). 



Figure 9.--Index map to the Mulgrave Hills region of the western 
Brooks Range showing field localities and measured sections. 
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.gure 10.--Measured section A 
of the Kanayut Conglomerate 
in the " ~ u s k ~ "  Mountains, 
western Brooks Range. See 
F i g u r e s  1 and 9 for location 
of section. 



Figure 11.--Measured section B of the uppermost Kanayut Conglomerate 
and basal part of the Kayak Shale in rhe "Husky" Mountains, 
western Brooks Range. See Figures 1 and 9 l o c a t i o n  of section. 
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Figure 12.--Measured section C of the upper- 
most Noatak Sanstone and lower Kanayut 
Conglomerate in the "Husky" Mountains, 
western Brooks Range. See Figures 1 and 
9 for location of section. 
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The i n t e r s t r a t i f i e d  marine rocks  a r e  p r e s e n t  i n  t h e  Kanayut a s  h igh a s  a t  
l e a s t  137 m above t h e  base  of t h e  Kanayut i n  s e c t i o n  A and 78 m above t h e  base  
of  t h e  Kanayut i n  s e c t i o n  C. Thus, t h e  in termixed f l u v i a l  and marine c y c l e s  
r e p r e s e n t  a s i g n i f i c a n t  p o r t i o n  of t h e  lower Kanayut Conglomerate i n  t h e  
"Husky Mountains a r e a .  

The mixed mar ine - f luv ia l  c y c l e s  t y p i c a l l y  begin  at  t h e i r  base  wi th  
channeled conglomerate,  conglomerat ic  sands tone ,  o r  medium- and coarse-gra ined 
sandstone t h a t  resembles f l u v i a l  s t r a t a  a t  t h e  base  of fining-upward c y c l e s  i n  
t h e  Kanayut o f  t h e  c e n t r a l  and e a s t e r n  Brooks Range. The b a s a l  beds of t h e  
c y c l e s  a r e  massive,  c r u d e l y  p a r a l l e l - s t r a t i f i e d ,  o r  t rough c r o s s - s t r a t i f i e d .  
Downcutting i n t o  t h e  under ly ing  s h a l e  is g e n e r a l l y  o f  l e s s  than  one meter .  
The maximum c l a s t  s i z e  i n  t h e  conglomerate is 3 cm, a l though most 
conglomerat ic  i n t e r v a l s  c o n t a i n  c l a s t s  t h a t  a r e  less than  1 cm i n  l eng th .  
Rip-up c l a s t s  of  t h e  under ly ing  s h a l e  a r e  p r e s e n t  i n  some b a s a l  beds.  

The c y c l e s  t h a t  do no t  c o n t a i n  i n t e r s t r a t i f i e d  marine rocks  g e n e r a l l y  
f i n e  upward r e g u l a r l y  t o  red o r  b lack s h a l e .  F i n e r  g ra ined  sandstone w i t h  
lower ampl i tude t rough c r o s s - s t r a t a  o v e r l i e s  t h e  b a s a l  beds o f  t h e  c y c l e s .  
Current  ripple-marked and laminated,  ve ry  f ine-gra ined sands tone  and s i l t s t o n e  
t h a t  g rade  upward i n t o  s h a l e  form t h e  upper p a r t s  of t h e  c y c l e s .  The s h a l e  
i n t e r v a l s  c o n t a i n  p l a n t  fragments and l o c a l l y  have p a l e o s o l s  a s  i n  t h e  lowest  
c y c l e  o f  t h e  Kanayut i n  s e c t i o n s  A and C. Thin coarsening-upward c y c l e s  i n  
some o f  t h e s e  s h a l e y  f l o o d p l a i n  d e p o s i t s  a r e  l o c a l l y  capped by p a l e o s o l s .  

The c y c l e s  t h a t  c o n t a i n  i n t e r s t r a t i f i e d  marine rocks  g e n e r a l l y  have a  
middle p a r t  t h a t  does not  f i n e  upward r e g u l a r l y .  The middle p a r t ,  formed o f  
t h e  c a l c a r e o u s  marine s t r a t a ,  c o n s i s t s  o f  in te rbedded  f ine - ,  medium-, and 
coarse-gra ined sandstone t h a t  is l o c a l l y  conglomerat ic .  These beds a r e  most ly  
t rough c r o s s - s t r a t i f i e d ,  bu t  l o c a l l y  c o n t a i n  t a b u l a r  c r o s s - s t r a t a  and wavy 
bedding. The marine beds t h a t  form t h e  middle p a r t  o f  t h e  c y c l e s  a r e  not  
organized i n t o  fining-upward o r  coarsening-upward t r e n d s .  I n  some c y c l e s ,  t h e  
marine beds form a s  much as h a l f  o f  t h e  t o t a l  t h i c k n e s s  o f  t h e  c y c l e .  

These in termixed f l u v i a l  and marine c y c l e s  i n  t h e  lower p a r t  of t h e  
Kanayut Conglomerate i n  t h e  l1Huskyl1 Mountains sugges t  invas ion  o f  f l u v i a l  
channe l s  by marine waters. Marine c o n d i t i o n s ,  i n d i c a t e d  by c a l c a r e o u s  cement 
i n  t h e  sands tone ,  n o r t h e a s t - d i r e c t e d  p a l e o c u r r e n t s ,  b i o t u r b a t i o n ,  and Lack o f  
r e g u l a r  fining-upward c y c l i c i t y ,  a p p a r e n t l y  extended i n t o  t h e  mouths of t h e  
d i s t a l  d i s t r i b u t a r y  channe l s  o f  t h e  Kanayut d e l t a .  Because marine c o n d i t i o n s  
extend on ly  i n t o  t h e  channe l s ,  i t  is c l e a r  t h a t  t h e  i n i t i a l  c u t t i n g  o f  t h e  
channe l s  and t h e i r  e s t ab l i shment  was by t y p i c a l  f l u v i a l  p rocesses  o f  r i v e r  
channel  format ion and migra t ion .  Following t h e  p a r t i a l  f i l l i n g  o f  t h e  
channe l s  by marine-influenced,  i n t e r t i d a l  o r  e s t u a r i n e  d e p o s i t s ,  channel  
migra t ion  o r  abandonment l e d  t o  development of nonmarine f l o o d p l a i n s  t h a t  form 
t h e  t o p s  of  each cyc le .  

The c y c l e s  t h a t  form t h e  lower Kanayut i n  sections A and C a r e  roughly  
c o r r e l a t a b l e  t o  about  140 rn above t h e  base  o f  t h e  Kanayut ( f i g s .  10 and 12). 
The c y c l e s  i n  s e c t i o n  A g e n e r a l l y  c o n t a i n  more marine u n i t s  t h a t  are p r e s e n t  
over a  t h i c k e r  s t r a t i g r a p h i c  i n t e r v a l  than  t h o s e  i n  s e c t i o n  C ,  s u g g e s t i n g  a  
s t r o n g e r  marine i n f l u e n c e .  

The upper p a r t  of t h e  Kanayut Conglomerate, h igher  than 150 m above t h e  
base  o f  t h e  s e c t i o n  i n  s e c t i o n  C ( f i g .  12),  c o n s i s t s  o f  r e p e t i t i v e  f i n i n g -  



upward c y c l e s  g e n e r a l l y  s e p a r a t e d  by t h i n  red s h a l e  and s i l t s t o n e  i n t e r v a l s .  
The upper p a r t  o f  t h e  Kanayut c o n t a i n s  no i n t e r s t r a t i f i e d  marine beds and is 
g e n e r a l l y  f i n e r  g ra ined  than t h e  lower p a r t  o f  t h e  Kanayut. The maximum c l a s t  
s i z e  o f  t h e  conglomerate from t h e  upper p a r t  o f  t h e  Kanayut Conglomerate i n  
s e c t i o n  C is 0.5 cm. The fining-upward c y c l e s  i n  t h i s  p a r t  of  t h e  Kanayut a r e  
g e n e r a l l y  t h i n n e r  and t h e  c o a s e r  beds c o n s i s t  a lmost  wholly o f  t rough c r o s s -  
s t r a t i f i e d  f i n e -  t o  medium-grained sandstone.  

Pa leocur ren t  measurements were made i n  t h e  Kanayut Conglomerate i n  
s e c t i o n s  A and C. E igh t  measurements from t h e  Kanayut i n  s e c t i o n  A i n d i c a t e  
t h a t  sediment t r a n s p o r t  was bimodal wi th  a dominant sou thwes te r ly  o r i e n t a t i o n  
and a  subord ina te  s o u t h e a s t e r l y  o r i e n t a t i o n  ( f i g .  10) .  The azimuthal  v e c t o r  
mean and s t andard  d e v i a t i o n  o f  t h e  e i g h t  measurements is 201°+56'. O f  t h e s e ,  
5 measurements were taken from c a l c a r e o u s  sands tones  we i n t e r p r e t  t o  r e p r e s e n t  
marine d e p o s i t i o n  w i t h i n  t h e  f l u v i a l  c y c l e s ;  t h e s e  measurements y i e l d  a n e a r l y  
i d e n t i c a l  mean and s t andard  d i v i a t i o n  o f  2 0 0 ~ t 6 0 ~ .  Five pa leocur ren t  
measurements t aken  from nonmarine s t r a t a  i n  s e c t i o n  C ,  however, i n d i c a t e  very  
c o n s i s t e n t  sou thwes te r ly  sediment t r a n s p o r t  ( f i g .  12) .  They have an azimuthal  
v e c t o r  mean and s t andard  d e v i a t i o n  o f  240°+70. 

S t r a t i g r a p h i c  s u b d i v i s i o n  of  t h e  Kanayut Conglomerate i n  t h e  "Huskyv 
Mountains i n t o  t h e  Ear Peak, Sha in in  Lake, and S tuver  Members cannot be e a s i l y  
done. We p r e f e r  t o  r e f e r  t o  t h e  Kanayut of t h i s  a r e a  a s  u n d i f f e r e n t i a t e d ,  
e s p e c i a l l y  because we do no t  have a complete measured s e c t i o n .  The Kanayut 
can be in fo rmal ly  d ivided i n t o  a c o a r s e r  g ra ined  lower part t h a t  c o n t a i n s  
marine i n t e r b e d s  and a  f i n e r  g ra ined  upper p a r t  t h a t  c o n s i s t s  most ly  o f  
f l u v i a l  d e p o s i t s .  

The upward t r a n s i t i o n  o f  t h e  Kanayut Conglomerate i n t o  t h e  Kayak Sha le  is 
shown i n  s e c t i o n  B ( f i g .  11 1. The uppermost Kanayut i n  t h i s  s e c t i o n  c o n s i s t s  
o f  f o u r  fining-upward c y c l e s ,  two o f  which c o n t a i n  conglomerate wi th  c l a s t s  as 
l a r g e  a s  1 cm a t  t h e i r  bases .  The conglomerate beds a r e  channeled i n t o  g ray  
o r  maroon s i l t s t o n e .  The lower p a r t s  of t h e  c y c l e s  c o n s i s t  o f  massive t o  
c r u d e l y  p a r a l l e l - s t r a t i f i e d  conglomerat ic  sands tone  o r  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  sandstone.  Current  r ipple-marked,  very  f ine-gra ined 
sands tone  and s i l t s t o n e  o v e r l i e  t h e  c o a r s e r  beds and ~ r a d e  upward i n t o  
s h a l e .  P a l e o s o l s  and c o a l s  a r e  p resen t  w i t h i n  t h e  s h a l e  i n t e r v a l s .  Two 
p a l e o c u r r e n t  measurements from nonmarine t rough c r o s s - s t r a t i f i e d  sandstone a t  
t h e  base of s e c t i o n  B i n d i c a t e  sediment t r a n s p o r t  was toward t h e  west (263O 
and 313') n e a r  t h e  t o p  of t h e  Kanayut. 

Within t h e  upper p a r t s  of  s e v e r a l  c y c l e s ,  burrows, o s c i l l a t i o n  r i p p l e  
markings,  wavy bedding,  and s h a l e  d rapes  over  beds of  sandstone s u g g e s t  marine 
i n f l u e n c e s  on t h e  c y c l i c  sedimenta t ion.  I n  c o n t r a s t  t o  the  marine beds i n  t h e  
lower p a r t  o f  t h e  Kanayut, which a r e  medium- t o  coarse-gra ined,  have a  
c a l c a r e o u s  cement, and a r e  p r e s e n t  i n  t h e  middle o f  t h e  c y c l e s ,  t h e  marine 
beds i n  t h e  uppermost p a r t  of t h e  Kanayut a r e  ve ry  f i n e -  t o  f ine -g ra ined ,  
t h i n -  to  medium-bedded, have a  s i l i c e o u s  cement, and a r e  p r e s e n t  a t  t h e  t o p s  
o f  t h e  c y c l e s .  The beds o f  very  f i n e -  t o  f ine-gra ined sandstone c l o s e l y  
resemble t h e  o v e r l y i n g  beds o f  sandstone i n  t h e  b a s a l  sandstone member o f  t h e  
Kayak Sha le .  

These t r a n s i t i o n a l  c y c l e s  o f  t h e  uppermost Kanayut Conglomerate sugges t  
subsidence below sea l e v e l  o f  t h e  f l o o d p l a i n  surrounding t h e  f l u v i a l  
channels .  Reworking of l evee  and f l o o d p l a i n  sandstone by wave and c u r r e n t  



a c t i v i t y  y ie lded  we l l - so r t ed ,  t h i n  beds of q u a r t z i t i c  sandstone s i m i l a r  t o  
t h a t  o f  the basal sands tone  member o f  t h e  Kayak Shale .  Marine organisms 
burrowed i n t o  t h e  f l o o d p l a i n  s h a l e s ,  which probably  formed i n t e r d i s t r i b u t a r y  
bays. 

The lower Kayak Sha le ,  o f  which we measured a t h i c k n e s s  o f  48 m i n  
s e c t i o n  B ,  has  a b a s a l  32 m t h a t  is sands tone- r i ch  and is probably t h e  b a s a l  
sandstone member o f  t h e  Kayak Sha le  ( f i g .  1 1 ) .  The o v e r l y i n g  12 m c o n s i s t s  o f  
black s i l t s t o n e  and s h a l e  w i t h  some i n t e r s t r a t i f i e d  c u r r e n t  r ipple-marked,  
v e r y  f ine-gra ined q u a r t z i t i c  sandstone.  The uppermost 4 m c o n s i s t s  o f  
i n t e r s t r a t i f i e d  black s h a l e  and thin-bedded,  very  f ine-gra ined c a l c a r e o u s  
sandstone c h a r a c t e r i z e d  by abundant c u r r e n t  r i p p l e  markings. The c a l c a r e n i t i c  
sands tones  i n  t h i s  uppermost u n i t  appear  t o  b e  t u r b i d i t e s  depos i t ed  i n  deeper  
marine waters  than t h e  sands tones  o f  t h e  b a s a l  sandstone member o f  t h e  Kayak 
Sha le .  

The b a s a l  sandstone member o f  t h e  Kayak Shale c o n s i s t s  o f  in terbedded 
black s h a l e  and ripple-marked,  very  fine- t o  f ine -g ra ined  q u a r t z i t i c  sands tone  
( f i g .  11) .  The black s h a l e  c o n t a i n s  some t h i n  i n t e r b e d s  o f  ripple-marked 
s i l t s t o n e  and has  abundant p l a n t  fragments and marine burrows i n  it. The 
bundles o f  sandstone a r e  organized i n t o  coarsening-  and thickening-upward 
c y c l e s  t h a t  a r e  3-7 m t h i c k .  The c y c l e s  a r e  formed of  c u r r e n t  r ipple-marked,  
ve ry  f ine-gra ined sandstone and s i l t s t o n e  above black s h a l e  a t  t h e  base.  The 
middle p a r t s  o f  t h e  c y c l e s  c o n s i s t  o f  o s c i l l a t i o n  and c u r r e n t  r ipple-marked,  
ve ry  f i n e -  t o  f ine-gra ined sandstone.  The upper p a r t s  o f  t h e  c y c l e s  c o n s i s t  
o f  wavy bedded, l o c a l l y  t rough c r o s s - s t r a t i f i e d ,  f ine-gra ined sandstone.  Bed 
t h i c k n e s s e s  f o r  t h e  sandstone change upward i n  t h e  c y c l e s  from 1 t o  15 cm. 

The c y c l e s  w i t h i n  t h e  b a s a l  sands tone  member a r e  s u g g e s t i v e  of 
i n c r e a s i n g l y  h igher  energy c o n d i t i o n s  i n  t h e  d e p o s i t i o n a l  s i t e ,  which was 
probably a s h e l f  s e t t i n g  i n  which t i d a l  a c t i v i t y  and wave a c t i v i t y  was 
prominent. The coarsening-upward c y c l e s  may reflect p rograda t ion  o f  small 
o f f s h o r e  b a r s  a d j a c e n t  t o  a t r a n s g r e s s i n g  s h o r e l i n e .  

Deadlock Mountain 

An incomplete  s e c t i o n  o f  t h e  upper p a r t  o f  t h e  Noatak Sandstone and lower 
p a r t  o f  t h e  Kanayut Conglomerate was measured a long  t h e  n o r t h  s i d e  o f  Deadlock 
Mountain, about  55 km nor th -nor theas t  of t h e  town o f  Noatak i n  t h e  DeLong 
Mountains quadrangle  (S.26, T. 31 N.,  R. 18W. 1, western  Brooks Range (figs. 1 ,  2 
and 9 ) .  The s e c t i o n  was measured u p h i l l  from an e l e v a t i o n  o f  2,560 f e e t  (790 
m )  t o  an e l e v a t i o n  o f  2,700 feet (822 m ) ,  t r a v e l i n g  southward i n  a d i r e c t i o n  
of 1 7 5 ~ .  The s e c t i o n  is p r e s e n t  on t h e  upper limb o f  a major o v e r t u r n e d ,  
nor th -c los ing  a n t i c l i n e  o f  which t h e  Noatak Sandstone forms t h e  core .  From an 
e l e v a t i o n  of 1,600 f e e t  (490 m )  t o  2,120 f e e t  (648 m) on t h e  r i d g e ,  f l u v i a l  
c y c l e s  o f  t h e  Kanayut Conglomerate a r e  exposed i n  t h e  over tu rned  lower limb of 
t h e  a n t i c l i n e .  From 2,120 f e e t  (648 m) t o  2,560 f e e t  (790 m), t h e  Noatak 
Sandstone is exposed, over turned toward t h e  n o r t h  i n  its lower p a r t ,  
v e r t i c a l l y  d ipp ing  i n  its c e n t r a l  p a r t ,  and southward d i p p i n g  and n o t  
over turned i n  its s t r u c t u r a l l y  and s t r a t i g r a p h i c a l l y  h i g h e s t  p a r t .  We 
measured t h e  Noatak between 2,560 f e e t  (790 m) and 2,620 f e e t  (805 m) and t h e  
o v e r l y i n g  Kanayut between 2,620 f e e t  (805 m )  and 2,700 f e e t  (822 m ) .  The 
whole sequence o f  End ico t t  Group rocks  r e s t s  wi th  f a u l t  c o n t a c t  upon probable  
Mesozoic c h e r t s  exposed on t h e  lower p a r t  of  t h e  r i d g e .  



The s e c t i o n  measured is a b o u t  75 m t h i c k  and i n c l u d e s  abou t  20 m o f  
Noatak Sands tone  and 55 m o f  Kanayut Conglomerate (fig. 1 3 ) .  We e s t i m a t e  a n  
a d d i t i o n a l  t h i c k n e s s  o f  a t  least 50 m.o f  Noatak Sands tone  below t h e  p o i n t  a t  
which t h e  measured s e c t i o n  was s t a r t e d .  

The upper 20 m of t h e  Noatak Sands tone  h e r e  c o n s i s t s  a lmos t  whol ly  of  
i n t e r b e d d e d  medium-grained s a n d s t o n e  hav ing  l a r g e - s c a l e  t rough  c r o s s - s t r a t a  
and f i n e -  t o  medium-grained s a n d s t o n e  hav ing  small-scale t rough  c r o s s -  
strata.  Each i n t e r b e d  is a b o u t  3 m i n  t h i c k n e s s .  The upper  Noatak is a 
q u a r t z o s e  s a n d s t o n e  b u t  h a s  a c a l c a r e o u s  cement and t h u s  f i zzes  upon 
a p p l i c a t i o n  o f  d i l u t e  HCI t o  e i t h e r  f r e s h  or  weathered  rock  s u r f a c e s .  The bed 
t h i c k n e s s e s  o f  t h e  medium-grained s a n d s t o n e  a v e r a g e  abou t  8 cm and t h e  
a m p l i t u d e  o f  t h e  c r o s s - s t r a t a  a v e r a g e s  a b o u t  30 cm. For t h e  f i n e -  t o  medium- 
g r a i n e d  s a n d s t o n e ,  t h e  bed t h i c k n e s s e s  a v e r a g e  a b o u t  3 cm i n  t h i c k n e s s  and t h e  
a m p l i t u d e  o f  t h e  c r o s s  s t r a t a  a v e r a g e s  a b o u t  15 cm. A s i n g l e  p a l e o c u r r e n t  
measurement f r o m  t h e  a x i s  o f  a set o f  t rough  c r o s s - s t r a t a  i n d i c a t e s  a  west- 
s o u t h w e s t e r l y  f low o f  248O. 

The 50 m o f  Noatak Sands tone  below t h e  measured s e c t i o n  c o n s i s t s  
g e n e r a l l y  o f  a l t e r n a t i n g  i n t e r v a l s  o f  g ray -wea the r ing ,  cong lomera t i c ,  medium- 
t o  c o a r s e - g r a i n e d ,  t rough  c r o s s - s t r a t i f i e d  c a l c a r e o u s  s a n d s t o n e  and brown- 
w e a t h e r i n g ,  mass ive ,  b i o t u r b a t e d ,  s i l t y ,  f i n e -  t o  medium-grained c a l c a r e o u s  
sands tone .  The two bedding  t y p e s  appea r  t o  a l t e r n a t e  through t h e  s e c t i o n  
w i t h o u t  forming d i s t i n c t  f ining-upward or coarsening-upward c y c l e s .  The 
c o a r s e r  i n t e r v a l s  g e n e r a l l y  r a n g e  i n  t h i c k n e s s  from 5 t o  40 m, c o n t a i n  
s c a t t e r e d  p e b b l e s  t h a t  a r e  1-2 cm l o n g ,  and are v e r y  well s o r t e d .  They 
c o n t a i n  prominent  red-  and orange-weather ing  c a l c a r e o u s  c o n c r e t i o n s .  The 
f i n e r  i n t e r v a l s  g e n e r a l l y  r ange  i n  t h i c k n e s s  from 2 t o  10 m ,  c o n t a i n  no 
p e b b l e s ,  and are p o o r l y  s o r t e d ,  w i t h  abundant  mica and some p l a n t  f ragments .  
The a l t e r n a t i n g  i n t e r v a l s  c l e a r l y  r e p r e s e n t  a l t e r n a t i n g  h igh-  and low-energy 
d e p o s i t i o n a l  s e t t i n g s ,  p robab ly  on t h e  i n n e r  p a r t  o f  a mar ine  s h e l f .  
P a l e o c u r r e n t s  from t h e  h igh-energy,  c o a r s e r  i n t e r v a l s  g e n e r a l l y  s u g g e s t  
southward t r a n s p o r t  o f  s e d i m e n t s ,  p o s s i b l y  a longshore  o r  o f f s h o r e  d i r e c t i o n .  

The lower  Kanayut Conglomerate can b e  d i v i d e d  i n t o  seven  f ining-upward 
c y c l e s  t h a t  ave rge  a b o u t  8 m i n  t h i c k n e s s .  The b a s a l  p a r t  c o n s i s t s  o f  t h r e e  
prominent  c y c l e s  which a r e  s u c c e s s i v l y  t h i c k e r  upward and marked by channeled  
conglomera te  a t  t h e i r  bases .  The two lowes t  c y c l e s  c o n s i s t  mos t ly  o f  
conglomera te  and s a n d s t o n e  w i t h  l i t t l e  s h a l e .  The t h i r d  c y c l e  c o n t a i n s  a b o u t  
11 m o f  red  s h a l e  t h a t  c o n t a i n s  p l a n t  f o s s i l s ,  r o o t  i m p r i n t s ,  and some t h i n  
i n t e r b e d s  o f  c u r r e n t  r ipple-marked v e r y  f i n e - g r a i n e d  s a n d s t o n e  and s h a l e .  

The n e x t  t h r e e  c y c l e s ,  from 47 m t o  65 m above t h e  base  o f  the s e c t i o n ,  
a v e r a g e  6 m i n  t h i c k n e s s  and c o n t a i n  r e l a t i v e l y  l i t t l e  conglomera te  and 
s a n d s t o n e ,  be ing  formed mos t ly  of r ed  s h a l e  and s i l t s t o n e  w i t h  abundant  p l a n t  
f o s s i l s .  The maximum c l a s t  s i z e  i n  t h e  cong lomera t e s  is 1 cm. A p a l e o s o l  is 
p rominen t ly  developed near t h e  t o p  o f  t h e  c o a r s e r  g r a i n e d  lower p a r t  o f  t h e  
s i x t h  c y c l e .  

The s i x  f ining-upward c y c l e s  i n  t h e  lower Kanayut are similar t o  c y c l e s  
measured i n  t h e  Ear  Peak Member f a r t h e r  e a s t  i n  t h e  Brooks Range ( N i l s e n  and 
o t h e r s ,  1980b, 1981b, 1982) .  They r e semble  f l u v i a l  c y c l e s  d e p o s i t e d  by 
meandering streams, and t h e  p l a n t - b e a r i n g  r ed  s h a l e ,  r o o t  i m p r e s s i o n s ,  and 
p a l e o s o l s  s u g g e s t  s u b a e r i a l  d e p o s i t i o n .  



NOATAK 

SANDSTONE 
k 

KANAYUT CONGLOMERATE 



The b a s a l  conglomera te  o f  each c y c l e  is t y p i c a l l y  mass ive  and c o n t a i n s  
mos t ly  c h e r t  p e b b l e s  w i t h  some q u a r t z  and q u a r t z i t e  pebb le s .  The o v e r l y i n g  
f i n e -  t o  medium-grained s a n d s t o n e  is t rough  c r o s s - s t r a t i f i e d  and i n  t u r n  
o v e r l a i n  by c u r r e n t  r ipple-marked and l amina ted  v e r y  f i n e - g r a i n e d  s a n d s t o n e  
and s i l t s t o n e .  The conglomera te  and s a n d s t o n e  have s i l i c e o u s  cements ,  do n o t  
f i z z  w i t h  a p p l i c a t i o n  o f  d i l u t e  HC1, and do n o t  have red-weathering c a l c a r e o u s  
c o n c r e t i o n s ,  i n  c o n t r a s t  t o  u n i t s  o f  t h e  Noatak Sands tone .  Three 
p a l e o c u r r e n t s ,  measured from t h e  a x e s  of t rough  c r o s s - s t r a t a ,  i n d i c a t e  f low 
toward t h e  s o u t h w e s t ,  w i t h  a mean a z i m u t h a l  d i r e c t i o n  of 220°. 

The uppermost u n i t  of t h e  measured s e c t i o n ,  from 65 t o  75 m above t h e  
base  o f  t h e  s e c t i o n ,  c o n s i s t s  o f  i n t e r b e d d e d  t rough  c r o s s - s t r a t i f i e d ,  medium- 
g r a i n e d  s a n d s t o n e  and t rough  c r o s s - s t r a t i f i e d ,  cong lomera t i c  coa r se -g ra ined  
s a n d s t o n e .  It c o n t a i n s  no shale, h a s  a maximum clast s i z e  o f  2 cm, h a s  a 
c a l c a r e o u s  cement,  forms a n  i r r e g u l a r  o r  n o n c y c l i c  p a t t e r n ,  and resembles  t h e  
u n d e r l y i n g  Noatak Sands tone .  We c o n s i d e r  it  t o  be a tongue o f  mar ine  
s a n d s t o n e  and conglomera te  w i t h i n  t h e  lower  Kanayut. It is i n d i c a t i v e  o f  t h e  
i n t e r f i n g e r i n g  n a t u r e  o f  t h e  c o n t a c t  between t h e  Kanayut Conglomerate and 
Noatak Sands tone  (see d e s c r i p t i o n s  of "HuskyR Mountains s e c t i o n s ) .  The t o p  o f  
t h i s  u n i t  is t r u n c a t e d  by a f a u l t ,  and we t e r m i n a t e d  t h e  measured s e c t i o n  a t  
t h e  f a u l t .  

CONGLONERATE CLAST COMPOSITION 

I n  o r d e r  t o  de t e rmine  t h e  conglomera te  d i s t r i b u t i o n  and provenance f o r  
t h e  Kanayut Conglomerate and a s s o c i a t e d  u n i t s ,  N i l s e n  and o t h e r s  (198Ob, 
1981b, 1982) de termined t h e  c l a s t  compos i t i on  of 94 beds  o f  conglomera te  a t  67 
l o c a t i o n s  s c a t t e r e d  th roughou t  t h e  c e n t r a l  and e a s t e r n  Brooks Range. We have 
made one a d d i t i o n a l  pebble  c o u n t  o f  cong lomera t e  i n  t h e  Kanayut I n  t h e  w e s t e r n  
Brooks Range d u r i n g  t h e  1981 f i e l d  s e a s o n  ( T a b l e  1 ) .  The new pebb le  coun t  was 
made a t  Deadlock Mountain i n  t h e  De Long Mountains quadrang le  and p r o v i d e s  a 
check on p o s s i b l e  v a r i a t i o n  o f  t h e  c l a s t  composi t ion  o f  t h e  Kanayut 
Conglomerate i n  t h e  wes t e rn  Brooks Range. 

We a l s o  p r e s e n t  h e r e  a r e v i s e d  c o m p i l a t i o n  o f  a l l  pebb le  coun t  d a t a  t h a t  
ue have c o l l e c t e d  t o  d a t e  i n  t h e  Brooks Range ( T a b l e  2 ) .  T h i s  t a b l e  r e p l a c e s  
t h o s e  r e p o r t e d  i n  N i l sen  and o t h e r s  (1980b,  1981b, 1982) because  w e  have s i n c e  
r e a s s i g n e d  s e v e r a l  pebb le  c o u n t s  t o  d i f f e r e n t  u n i t s  and c o r r e c t e d  
t y p o g r a p h i c a l  e r r o r s .  Our earlier d e s c r i p t i o n s  and c o n c l u s i o n s  o f  t h e  d a t a  
remain e s s e n t i a l l y  unchanged; o n l y  t h e  new d a t a  from t h e  Kanayut Conglomerate 
i n  t h e  wes t e rn  Brooks Range w i l l  be d i s c u s s e d  h e r e .  With o n l y  one e x c e p t i o n  
( N i l s e n  and o t h e r s ,  1982) ,  all pebb le  c o u n t s  were made by c o u n t i n g  one hundred 
randomly s e l e c t e d  c l a s t s  l a r g e r  t hen  1 cm i n  t h e  f i e l d ,  n o t i n g  t h e  l i t h i c  type  
o f  each  pebb le  and l o n g e s t  c l a s t  from each  count .  

Conglomerate o f  t h e  Kanayut Conglomerate i n  t h e  c e n t r a l  and e a s t e r n  
Brooks Range is g e n e r a l l y  c h a r a c t e r i z e d  by a h i g h  c h e r t  c o n t e n t  and lesser 
amounts of  v e i n  q u a r t z  and q u a r t z i t e  and is c o m p o s i t i o n a l l y  mature.  Q u a r t z o s e  
c las t s  ( c h e r t  + v e i n  q u a r t z  + q u a r t z i t e )  r ange  from 83% t o  100% and a v e r a g e  
g r e a t e r  t han  99% i n  a l l  c e n t r a l  and e a s t e r n  Brooks Range Kanayut pebb le  c o u n t s  
( T a b l e  2). Other  c lasts ,  i n c l u d i n g  a r q i l l i t e  and c a r b o n a t e ,  are o n l y  l o c a l l y  
p r e s e n t  . 



Table  1.--MaAmm clast  s ize  and percentage o f  each c las t  type f m m  pebb le  

count of t h e  Kanayut CmgLunerate from Deadlock Mountain, western Brooks 

Range. See Figure 9 f o r  location of pebble count. 

F i e l d  Maximum White Gray Black Red Vein Quartzite Argi l l i te  

Sta t ion  Clast Size Cher t  Chert Chert Chert Qlrartz 



i 'dole 2 .  Cumpilatlon of  maxlmm c l a s t  s l z e  and parcentaHe of ad<!n c : l h ~ t  rypr? f'rum pebblt:  ouri its 
made during the  1978, 1979, 1980, and 1981 f i e l d  seasons from t h e  Kanayut Conglomerate 
and associated u n i t s .  

___l_L_f -_ - - -__d- -~~~** - - - - - - - - - - - - - -+ - -~ -~ - - - - - - - - - - - - - - - - - -~ - -~~- - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * -d~~~-~~~- - - - - - - - - - - - - - - -~~-~-d~*~++-u- - - - - - - - - -~ - -  

Percent  of c l a s t  l i t h o l o g y  
------------4ff-----------------*------------------------------*-+*--*+--------------------d+**--*+**-------------------+----" 

F i e l d  Maximum White Gray Black Red Green Vein P u a r t z l t e  Q u a r t z i t e  A r g i l l i t e -  Carbonate Greenstone Unknown 
S t a t i o n  c l a s t  Chert Chert Chert C h e r t  Chert Quar tz  Conglomerate p h y l l i t e  

s i z e  (cm)  
______-_+---_-____------*-------------------+*-----------------------------------------d~--+------------------4---*----*~----------------+-++--------- 

Kekiktuk Conglomerate 
____-_-______~__-ff-------------*-"-------------*----*--------------d----*------------------------d-+--------------------------+---*-------------4---- 

78 ABe 10 3 26 16 37 0 0 21 0 0 0 0 0 0 

78 ABe 46 5 22 46 18 0 0 11 4 0 0 0 0 0 

78 ABe 46 20 6 29 19 0 0 23 21 a 2 0 0 0 

78 ABe 48 3 8 10 30 0 0 50 0 0 2 0 0 0 

78 ABe 58 4 26 21 25 0 0 27 1 0 0 0 0 0 

'19 ABe 95 4 11 0 0 0 41 46 1 0 8 0 0 0 

79 ABe 95 5 23 0 0 0 23 36 0 0 18 0 0 0 

79 ABe 99 8 32 3 5 0 0 51 0 0 9 0 0 0 

79 ABe 167 18 2 22 12 0 0 40 6 0 15 0 0 3 

79 ABe 167 13 1 18 20 0 0 UO 16 0 3 0 0 2 

79 ABa 186 8 1 1  61 25 0 0 2 1 0 0 0 0 0 
____*+__-______--+---------~~~----------+------------------------*-~-----------~-~~~-------~----~+----------d--~~~-------~~d~~-~--------~-~----------- 

Undift 'srentiated Kekiktuk Conglomerate and Kanayut Conglomerate 
--____-__+*---_--__--~+----------+---------"~------------+-------------~**~~~-----------~"~~----------++~~------------++~----------~*~*--------------- 

78 ABe 44 6 14 23 47 0 0 13 2 0 1 0 0 0 

79 ABe 158 8 26 27 23 0 0 23 1 0 0 0 0 0 

79 ABe 159 5 13 26 21 0 0 37 0 0 3 0 0 0 

79 ABe 181 a 1 29 21 0 0 33 14 0 1 0 0 0 

19 ABe 184 4 0 35 22 0 0 40 3 0 0 0 0 0 
___---___d4+f-_-----------------+---------------------*---------------+--------------*-------------+--------------++------------**"-*-------------+--- 

Basal Sandstone Member, Kayak S h a l e  
__+_--____~f---___----~~----------*---------~+---------~~---------~-+**-~-------------**~--------*---"------------+"**~-------~~~*~~------------+++u-. 

80 73-43 3 15 j6 32 o o IS 2 0 o o o o 

80 T N 4 3  5 3 1 110 12 0 0 17 0 0 0 0 0 0 
_______*f*_-_-____*----------~**---------**---------**~--------***-------d-d-**-"----------*------------<-*"--------d---"*------------*--------------- 

S tuver  Member, Kanayu t Conglomerate 
_______*_ff---____+"----------------------~-+------------"------------*-----------~--**------------+----------"d**-----------*-**----------****+-----" 

79 STU 6 31 35 20 0 0 12 2 0 0 0 0 0 

78 STU 4 49 32 9 o o a 2 o o o o o 

78 STU 5 46 29 12 0 0 12 1 0 0 0 0 0 

78 ABe 110 3 73 23 4 0 0 0 0 0 0 0 0 0 

78 ABe 11H 6 74 22 4 0 0 0 0 0 0 0 0 0 



l . l b le  2 ( - o i ~ t i  nued ) 
_ _ ~ ~ ~ - ~ - - ~ - f ~ t ~ ~ - ~ * + + - - - - - - + - + - + + ~ - ~ ~ ~ ~ - - - ~ - - ~ ~ ~ + - + - - ~ - - - - - - - - - - - ~ - ~ - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ - - ~ ~ ~ * - - - ~ - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~ " "  

Percent of c l a s t  l i thology 
+f-4_--------___------d-------------------------------------------++----~--------------------------------**--------~----L-*-a. 

Field Maximum White tiray Black Red Green Vein  Quartz i te  Quartz i te  A r g i l l i t e -  Carbonate Greenstone Unknown 
Stat ion c l a s t  Chert Chert Chert Chert Chert Quartz Conglomerate p h y l l i t e  

size (cm)  
-----------------------------------------------d------------------------------------------*--+-**-"--+--d--------------------------------------------- 

Shainin Lake Member, Kanayut Conglomerate 
-------------------------------------4d---*~-4------"-------------------------------------------------------~+--d~-~--+------------------------------- 

78 CHA 5 37 31 18 0 0 11 3 0 0 0 0 0 

13 CIiA 4 16 54 20 0 0 7 2 0 0 0 0 0 

'(8 A8e 1 1  1 6 15 42 27 1 0 14 1 0 0 0 0 0 

78 ABe 202 5 15 49 24 0 0 11 1 0 0 0 0 0 

79 ABe 136 5 14 44 22 0 0 19 9 0 0 0 0 0 

79 ABe 136 5 I 49 37 0 0 12 0 0 1 0 0 0 

79 ABe 136 4 3 35 40 0 0 16 1 0 3 0 0 2 

79 ABe 166 3 10 26 11 0 0 4 3 5 0 5 0 0 0 

79 ABe 171 5 13 18 3 0 0 58 8 0 0 0 0 0 

79 ABe 1% 5 3 41 40 0 0 11 4 0 1 0 0 0 

73 ABe 198 4 13 42 27 0 0 14 4 0 0 0 0 0 

79 ABe 199 5 7 59 22 0 0 11 1 0 0 0 0 0 

79 ABe 201 5 4 35 19 27 0 13 2 0 0 0 0 0 

79 ABe 203 5 11 50 23 0 0 13 2 0 0 1 0 0 

80 m - 4 4  4 20 14 14 39 0 13 0 0 0 0 0 0 

80 T N 4 4  4 12 20 12 45 0 10 1 0 0 0 0 0 

80 53-47 12 16 30 26 o o 22 5 I o o 0 0 



l'3als 2 ( c u n ~ i n u e d )  
--------------------------------*-+-+----+--------------------------------------L---------------------------++*-++d----------------------------------A 

P e r c e n t  of c l a s t  l i t h o l o g y  
-*-*-*------------------------------------------+-+*-*------------------------*---<--+-------*-------------------------------- 

F i e l d  Maximum White I:,,,~ Black Red Green Vein Q u a r t z i t e  Q u a r t z i t e  A r g i l l i t e -  Carbona te  Greens tone  Unknown - 
S t a t l o n  c l a s t  Chert chert  Cher t  Cher t  Cher t  Q u a r t z  Conglomerate  p h y l l l t e  

s i z e  (cm) 
--------------------------------+--+---*---*+--*---*---------+-----------------------+---**--d-+--+--------------------------------------------------- 

E a r  Peak Member, Kanayut C o n g l w e r a t e  
-*~~~~~-+~+~~~**~~~~~~~~~~*----*-"-----*-*-~----~-~--------+---------------------~-~~-++-~-~*---d------------------------------**~-----*-~~~*~*-~~~++- 

78 ABe 33 4.5 8 57 34 o 0 1 o o 0 o o o 

79 ABe 43 5 28 33 22 0 0 17 0 0 0 0 0 0 

79 ABe 206 5 10 45 33 4 0 7 1 0 0 0 0 0 

80 TN-46 2 22 31 32 2 0 13 o 0 0 0 0 0 
----------*---**-*--*+++------------------------------------------------------------------------------------------------------------------------------ 

Kanayut Conglomerate ,  u n d i f f e r e n t i a t e d  
__L__*---_---_------------------------*---*--*+*-4---------------*------------*--------------------+-------**----------------------------------------- 

78 ARR-14 10 39 13 17 0 0 20 11 0 0 0 0  0 

31 TN-35 3 9 3 1  32 1 0 25 2 0 0 0 0 0 
__+-__---------____--------*------4+-*-"*--*----------------------------------------------------~----------+---*++-*--------*------------------------- 

Noatak Sands tone  
_ * _ _ f f _ - - - - - - _ - _ _ _ _ - - - - - - - - ~ + ~ ~ ~ * ~ * " * ~ ~ ~ ~ * ~ ~ - ~ - ~ - - - - - - - - - - - - ~ - - d d ~ * ~ * * - - ~ * - * ~ ~ d ~ - - " - " * * - ~ * ~ ~ * ~ - * * ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ - " - - - " " - - - - - - - - - - - - - - - - - - - - d - - - - - - - - " - - - - -  

79 ABe 73 3 12 37 23 0 0 1 8 2 0 8 0 0 0 

79 ABe 73 3  4 50 23 0 0 18 1 0 4 0 0 0 

79 ABe 73 5 20 25 31 0 0 19 1 0 4 0 0 0 
_____________*_____-+------------------------*--*+-*--*------------------------------------------------------~----+*--**~--~-------------------------- 

Hunt Fork  Sha le  
______t------______--------~~*-*4*-----------------------+--~~---*-""-"-+***-+~--4*-**-+****-*-*"-----*~----------------------------------------**--*- 

79 ABe 52 6  3 2 1 42 0 0 27 3 0 4 0 0 0 

79 A8e 133 3 4 3 1 55 0 0 0 1 0 9 0 0 0 
+__________________----*--+**---~-------------------d-d-+--"-*+-~-*--~----*-~-*+~-+-----------*-----------------------------------------------~------- 

Beaucoup Format ion  
_______________*___-**--------------------------*----*---+---+-*--~--~--*-----~-~------------------------------------------*----------**+~-+---+-*-+-- 

78 ARR-16 10 16 54 29 0 0 1 0 0 0 0 0 0 

78 ABe 7 4 22 48 20 0 0 0 0  0 10 0 0 0 

19 A8e l b l  6 3 1  30 14 0 0 10 0 0 15 0  0 0 
_______f___________--------*---++------------------------*-+*+-----~------------------------------------------------+-----~--------------------------- 

* Only c l a v t s  l a r g e r  t h n  7 crn were inc luded  i n  t h i s  count  



The s i n g l e  pebble  count from t h e  Kanayut i n  t h e  western  Brooks Range i a  
s i m i l a r  t o  t h o s e  of t h e  c e n t r a l  and e a s t e r n  Brooks Ranqe. The western  Brooks 
Range conglomerate c o n s i s t s  o f  100 pe rcen t  q u a r t z o s e  c l a s t s ,  and i n c l u d e s  73% 
c h e r t  c l a s t s  (Table  1 ) .  Chert  i n c l u d e s  whi te ,  g r a y  and black v a r i e t i e s  a s  i n  
t h e  c e n t r a l  and e a s t e r n  Brooks Range, b u t  a l s o  i n c l u d e s  red c h e r t  which is 
r e s t r i c t e d  t o  a  few l o c a t i o n s  n e a r  Sha in in  and G a l b r a i t h  Lakes i n  t h e  c e n t r a l  
Brooks Range. The s i g n i f i c a n c e  o f  t h e  l o c a l i z e d  presence of red  c h e r t  i n  t h e  
Kanayut is no t  p r e s e n t l y  known. A r g i l l i t e  c l a s t s  a r e  a l s o  p r e s e n t  i n  t h e  
western  Brooks Range, bu t  do no t  appear  i n  t h e  count because they  a r e  p r e s e n t  
i n  pe rcen tages  o f  l e s s  than  1 pe rcen t .  

Figure 1 4 A  shows t h e  composit ion o f  t h e  s i n g l e  pebble count from t h e  
Kanayut Conglomerate i n  t h e  western  Brooks Range on a  t e r n a r y  diagram wi th  
q u a r t z o s e  c l a s t s ,  ca rbona te  c l a s t s ,  and nonquar tzose  c l a s t s  a s  p o l e s ,  and t h e  
range and average o f  t h e  c e n t r a l  and e a s t e r n  Brooks Range d a t a  f o r  
comparison. The p l o t  shows t h a t  t h e  d a t a  from t h e  western  Brooks and c e n t r a l  
and e a s t e r n  Brooks Range a r e  e s s e n t i a l l y  i d e n t i c a l  and t h a t  t h e r e  is no 
s i g n i f i c a n t  d i f f e r e n c e  i n  composi t ional  m a t u r i t y  between t h e  two a r e a s .  

F igure  14B is a t e r n a r y  diagram t h a t  has c h e r t ,  ve in  q u a r t z ,  and 
q u a r t z i t e  c l a s t s  a s  poles .  It shows t h e  composit ion of t h e  pebble  count from 
t h e  western  Brooks Ranqe and t h e  range and average  o f  t h e  Kanayut Conglomerate 
d a t a  from t h e  c e n t r a l  and e a s t e r n  Brooks Range f o r  comparison. Pebble coun t s  
from t h e  Kanayut Conglomerate i n  t h e  c e n t r a l  and e a s t e r n  Brooks Range a r e  
displaced toward t h e  c h e r t  po le  and away from t h e  q u a r t z i t e  pole .  I n  t h e s e  
coun t s ,  c h e r t  c l a s t s  range from 34 t o  100 pe rcen t  and average 82 p e r c e n t ,  v e i n  
q u a r t z  averages  15 pe rcen t  bu t  ranges  up t o  61 p e r c e n t ,  and q u a r t z i t e  c l a s t s  
a r e  minor but  p e r s i s t e n t  c o n s t i t u e n t  ( average  3 p e r c e n t )  t h a t  l o c a l l y  
comprises as much as 21 pe rcen t  o f  the clasts. By comparison,  the western  
Brooks Range pebble  count is somewhat more enr iched  i n  ve in  q u a r t z  than  t h e  
average  o f  t h e  Kanayut Conglomerate d a t a  from t h e  c e n t a l  and e a s t e r n  Brooks 
Range, but  is w e l l  w i t h i n  t h e  range o f  composit ion o f  t h e  c e n t r a l  and e a s t e r n  
Brooks Range conglomerates.  

The 1981 pebble  count d a t a  from exposures  o f  Kanayut Conglomerate i n  t h e  
western  Brooks Range 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 Conglomerate i n  
t h e  c e n t r a l  and e a s t e r n  Brooks Range and are comparable t o  t h e  e a r l i e r  d a t a  i n  
eve ry  r e s p e c t .  We sugges t  t h a t  this 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  ve ry  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  t h a t  was l a r g e l y  sedimentary  o r  metasedimentary i n  
composit ion.  However, it is a l s o  probable  t h a t  t h e  mature composit ion of  the 
Kanayut may have r e s u l t e d  from e x t e n s i v e  chemical  weather ing p r i o r  t o  e r o s i o n  
o r  dur ing  t r a n s p o r t  and t h a t  its composit ion may no t  be f u l l y  i n d i c a t i v e  o f  
its provenance. 

CONGLOMERATE CLAST S I Z E  DATA 

The maximum dintension of t h e  l a r g e s t  conglomerate c l a s t  was measured a t  
each s t a t i o n  where conglomerate was observed,  i n  o r d e r  t o  determine o v e r a l l  
changes i n  t h e  s i z e  o f  m a t e r i a l  t r a n s p o r t e d  by t h e  E n d i c o t t  Group d e p o s i t i o n a l  
system. I n  our  p rev ious  r e p o r t s ,  we presented maximum c l a s t  s i z e  d a t a  
c o l l e c t e d  dur ing  t h e  1978, 1979, and 1980 f i e l d  seasons  a t  163 l o c a t i o n s  i n  
t h e  Kanayut Conglomerate and 28 l o c a t i o n s  i n  t h e  Kekiktuk Conglomerate (Ni l sen  
and o t h e r s ,  1980b, 1981b, 1982). I n  t h i s  r e p o r t ,  w e  p r e s e n t  d a t a  c o l l e c t e d  
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Figure  14.--Ternary diagrams from pebble counts  of t h e  Kanayut Conglomerate made 
dur ing  t h e  1978, 1979,  1980, and 1981 f i e l d  seasons. A ,  Carbonate c l a s t  - 
immature - c l a s t  diagram. S o l i d  l i n e s  i n d i c a t e  t h e  e x t e n t  of che f i e l d  of  a l l  
d a t a  from the Kanayut Conglomerate c o l l e c t e d  i n  the central and eastern Brooks 
Range. The s o l i d  t r i a n g l e  r e p r e s e n t s  t h e  average o f  a l l  da t a  from t h e  Kanayut 
Conglomerate c o l l e c t e d  i n  t h e  central and e a s t e r n  Brooks Range; t h e  s o l i d  circle 
i s  the s i n g l e  pebble count from t h e  western  Brooks Range (Table 1 ) .  



from t h e  Kanayut Conglomerate a t  55 a d d i t i o n a l  l o c a t i o n s  d u r i n g  t h e  1981 f i e l d  
season.  

Because our  e a r l i e r  data were no t  w e l l  d i s p e r s e d  g e o g r a p h i c a l l y ,  we 
at tempted d u r i n g  t h e  1980 and 1981 f i e l d  seasons  t o  c o l l e c t  measurements i n  
a r e a s  from which we p r e v i o u s l y  had no d a t a .  I n  a d d i t i o n ,  our  p rev ious  d a t a  
were commonly t aken  from on ly  a l i m i t e d  p o r t i o n  o f  t h e  e n t i r e  s t r a t i g r a p h i c  
t h i c k n e s s  of a member o r  format ion s o  t h a t  many d a t a  p o i n t s  were 
r e p r e s e n t a t i v e  of on ly  a l i m i t e d  s t r a t i g r a p h i c  t h i c k n e s s  o f  t h e  u n i t .  During 
t h e  1980 and 1981 f i e l d  seasons ,  we c o l l e c t e d  d a t a  p r i m a r i l y  from bouldery  
r u b b l e  i n  modern a l l u v i a l  fans of streams d r a i n i n g  r e s t r i c t e d  a r e a s .  Care was 
taken t o  choose streams d r a i n i n g  on ly  exposures  o f  Kanayut Conglomerate and t o  
measure c l a s t s  i n  bou lde rs  obv ious ly  de r ived  from t h e  Kanayut by f l u v i a l  
p rocesses .  By t h i s  method, we were a b l e  t o  more e a s i l y  sample a l a r g e  
t h i c k n e s s  of 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  s t r a t a .  However, t h e  map d i s t r i b u t i o n  o f  maximum clast  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 o f  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 ,  i n c l u d i n g  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  ou tc rop  b e l t .  Never the less ,  
s e v e r a l  majar conc lus ions  can be drawn from t h e  a v a i l a b l e  data. 

We have compiled a map o f  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, 1980 and t h e  1981 f i e l d  seasons  
( f i g  1 A l l  o f  t h e  1981 d a t a  was c o l l e c t e d  i n  t h e  c e n t r a l  and wes te rn  
Brooks Range. Most o f  t h e  c e n t r a l  Brooks Range d a t a  was obta ined from a r e a s  
a long  t h e  sou the rn  edge of t h e  ou tc rop  b e l t  o f  t h e  Kanayut Conglomerate and 
Noatak Sandstone s o u t h  o f  Anaktuvuk Pass ,  and i n  t h e  southwestern  and 
s o u t h e a s t e r n  p a r t s  o f  t h e  K i l l i k  River and Howard Pass  quadrangles ,  
r e s p e c t i v e l y .  The western  Brooks Range data was c o l l e c t e d  in t h e  Mulgrave 
H i l l s  and "Husky" Mountains ( f i g .  9). The Sha in in  Lake Member g e n e r a l l y  
c o n t a i n s  the  l a r g e s t  c l a s t s  and we c o l l e c t e d  most d a t a  from it. 

The p a t t e r n  of sediment d i s p e r s a l  is apparen t  from a con tour  map of c l a s t  
s i z e s  ( f i ~ .  16) .  Th i s  map is drawn from t h e  in fo rmat ion  presented i n  f i g u r e  
15. Thrus t  p l a t e s  a r e  not  p a l i n s p a s t i c a l l y  r e s t a r e d .  Never the less ,  t h e  map 
shows the  well-defined maxima of  c l a s t  s i z e s  i n  t h e  Sha in in  Lake a r e a  and i n  
t h e  eas ternmost  o u t c r o p s .  The geometry of t h e  con tour  l i n e s  around t h e s e  
c l a s t  s i z e  maxima 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  o r  sou th .  

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 are l o c a t e d  nea r  S h a i n i n  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 Sha in in  Lake. Clast 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  far  e a s t  as A r c t i c  Village, a t  approximate ly  
146O l o n g i t u d e ,  where the  l a r g e s t  clasts are 5 crn in size. The d i s t r i b u t i o n  
o f  d e c r e a s i n g  c l a s t  sizes around t h e  S h a i n i n  Lake reg ion  s u g g e s t s  t h a t  i t  may 
mark an e n t r y  s i te 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  b a s i n  
t h a t  dominated sediment d i s p e r s a l  p a t t e r n s  from t h e  p r e s e n t  p o s i t i o n  o f  A r c t i c  
V i l l a g e  westward t o  near  t h e  Nimiuktuk River.  

A second major trunk 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. C l a s t  sizes i n  t h e  region 







d e c r e a s e  from a maximum o f  10 em i n  t h e  e a s t e r n  o u t c r o p s  t o  less than  5 cm i n  
t h e  A r c t i c  V i l l a g e  area. T h i s  d i s t r i b u t i o n  o f  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  i n  t h e  e a s t e r n  p a r t  of t h e  Kanayut was from e a s t  o r  
n o r t h e a s t  t o  sou thwes t  o r  west. 

I n  t h e  wes t e rn  Brooks Range, c l a s t  s i z e s  a p p e a r  t o  d e c l i n e  r a d i a l l y  
outward from a maximum of 3 cm along t h e  n o r t h w e s t e r n  edge o f  t h e  o u t c r o p  
b e l t .  The smallest clasts are p r e s e n t  i n  t h e  southernmost  o u t c r o p s  o f  t h e  
Mulgrave H i l l s ,  s u g g e s t i n g  sediment  d i s p e r s a l  toward t h e  s o u t h ,  sou thwes t  and 
p o s s i b l y  s o u t h e a s t .  

I n  a d d i t i o n  t o  t h e  t h r e e  major  c l a s t  s ize  maxima which h e l p  d e f i n e  l a r q e -  
s c a l e  s ed imen t  d i s p e r s a l  p a t t e r n s  i n  t h e  e a s t e r n ,  c e n t r a l ,  and w e s t e r n  Brooks 
Range, s e v e r a l  o t h e r  maxima a r e  p r e s e n t  a l o n g  t h e  n o r t h e r n  edge o f  t h e  b e l t  of 
Kanayut exposu res .  These are found west o f  t h e  headwaters  of t h e  J u n j i k  
R i v e r ,  n e a r  t h e  Sagavan i rk tok  R i v e r ,  e a s t  o f  I t e r i a k  Creek,  and s o u t h  o f  t h e  
Kuna River  ( f i g .  16) .  Minimal bowing o f  t h e  c o n t o u r  l i n e s  s o u t h  o f  t h e s e  
c l a s t - s i z e  maxima a l o n g  t h e  s o u t h e r n  edge o f  t h e  b e l t  of exposure  i n d i c a t e s  
t h a t  t h e s e  sys t ems  were probab ly  overwhelmed i n  t h e i r  s o u t h e r n  ex t r emes  by 
d e t r i t u s  t r a n s p o r t e d  by t h e  major  d i s t r i b u t a r y  sys t em emanat ing  from t h e  
S h a i n i n  Lake r e g i o n .  These second-order  s i z e  maxima may mark t h e  e n t r y  sites 
o f  s m a l l e r  r i v e r  s y s t e m  i n t o  t h e  Kanayut b a s i n .  A l l  f o u r  o f  t h e  smaller 
sys t ems  a p p e a r  t o  s u g g e s t  s o u t h e r l y  t r a n s p o r t  o f  sediment  from a n o r t h e r n  
s o u r c e .  

The d i s t r i b u t i o n  of d i s c r e t e  c l a s t  s i z e  maxima a l o n g  t h e  e a s t e r n  and 
n o r t h e r n  edges  of t h e  b e l t  o f  exposu re  of t h e  Kanayut i n d i c a t e s  t h a t  t h e  
h i g h l a n d s  from which t h e  Kanayut d e t r i t u s  was d e r i v e d  were l o c a t e d  a l o n g  t h e  
n o r t h e r n  and e a s t e r n  margins  of t h e  b a s i n .  Maximum c las t  s i z e s  i n  o t h e r  
a n c i e n t  and modern r i v e r  sys t ems  s u g g e s t  t h a t  t h e  c o a r s e  c l a s t s  i n  t h e  S h a i n i n  
Lake area may have been d e p o s i t e d  c l o s e  t o  t h e  margin o f  t h e  Kanayut b a s i n .  
The edge  of t h e  b a s i n  i n  t h a t  area, however, h a s  e i t h e r  been removed by 
f a u l t i n g  o r  is n o t  exposed.  The c l a s t  s i z e  d a t a  s t r o n g l y  a rgue  a g a i n s t  a 
s o u t h e r n  h igh land  t h a t  c o n t r i b u t e d  sediment  t o  t h e  Kanayut b a s i n ,  and s u g g e s t  
t h a t  t h e  Kanayut was o r i g i n a l l y  d e p o s i t e d  a l o n g  a s o u t h - f a c i n g  margin o f  a 
mountainous b e l t .  

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

Ni l sen  and o t h e r s  (1980b) p l o t t e d  166 p a l e o c u r r e n t  measurements made i n  
1978 from t h e  Kanayut Conglomerate,  Kekiktuk Conglomerate,  and Kayak S h a l e .  
During t h e  1979 f i e l d  s e a s o n ,  an a d d i t i o n a l  292 p a l e o c u r r e n t  measurements were 
c o l l e c t e d  from t h e s e  u n i t s  and t h e  Aunt Fork S h a l e  and Beaucoup Formation a t  
63 s e p a r a t e  l o c a t i o n s  ( N i l s e n  and o t h e r s ,  1981b).  Data from both  y e a r s  were 
compiled and p r e s e n t e d  i n  map f o m  ( N i l s e n  and o t h e r s ,  1980a) .  An a d d i t i o n a l  
316 measurements were c o l l e c t e d  d u r i n g  t h e  1980 f i e l d  season  from t h e  Hunt 
Fork S h a l e ,  Kanayut Conglomerate,  and Kayak S h a l e  ( N i l s e n  and o t h e r s ,  1982) .  
During t h e  1981 f i e l d  s e a s o n ,  w e  c o l l e c t e d  a n o t h e r  72 p a l e o c u r r e n t  
measurements  from t h o s e  same u n i t s  and t h e  Noatak Sands tone ,  b r i n g i n g  t h e  
t o t a l  t o  846 d e t e r m i n a t i o n s  f o r  a l l  t h r e e  s e a s o n s .  

Sedimentary  f e a t u r e s  measured d u r i n g  t h e  1981 f i e l d  s e a s o n  i n c l u d e  t r o u g h  
c r o s s - s t r a t a  ( 48 measurements ) , t a b u l a r  c r o s s - s t r a t a  ( 1 1 measurements ) , 



primary c u r r e n t  l i n e a t i o n s  (10 measurements) ,  r i p p l e  markings (2 
measurements) ,  and f l u t e  casts ( 1 measurement). R e s t o r a t i o n s  o f  p a l e o c u r r e n t  
d i r e c t i o n s  t o  t h e  h o r i z o n t a l  were done manually on a s t e r e o n e t .  Computer- 
c a l c u l a t e d  v e c t o r  means and s t a n d a r d  d e v i a t i o n s  were determined f o r  5 
l o c a t i o n s  a t  which more than  f o u r  p a l e o c u r r e n t  measurements were made and a l s o  
f o r  t h e  t o t a l  number o f  p a l e o c u r r e n t  measurements from each o f  t h e  v a r i o u s  
s t r a t i g r a p h i c  u n i t s .  B i d i r e c t i o n a l  f e a t u r e s  such as primary c u r r e n t  l i n e a t i o n  
were a s s i g n e d  a w e s t e r l y  o r  s o u t h e r l y  s e n s e  because  o f  t h e  preponderance o f  
u n i d i r e c t i o n a l  i n d i c t o r s  w i t h  t h a t  o r i e n t a t i o n .  

We d i s c u s s  below o u r  p a l e o c u r r e n t  measurements from t h e  Hunt Fork S h a l e ,  
Noatak Sandstone ( fo rmer ly  t h e  b a s a l  sands tone  member o f  t h e  Kanayut 
Conglomerate) ,  t h e  Kanayut Conglomerate, and t h e  Kayak Sha le .  For a 
d i s c u s s i o n  of d a t a  from t h e  Kekiktuk Conglomerate and Beaucaup Formation,  t h e  
r e a d e r  is r e f e r r e d  t o  Ni lsen  and o t h e r s  ( 1981b). 

Hunt Fork S h a l e  

A t o t a l  of 31 p a l e o c u r r e n t  d e t e r m i n a t i o n s  were o b t a i n e d  from t h e  Hunt 
Fork S h a l e  a t  12 s e p a r a t e  l o c a t i o n s  d u r i n g  t h e  1979 and 1980 f i e l d  seasons  
( N i l s e n  and o t h e r s ,  1980b, 1981b). An a d d i t i o n a l  3 measurements were 
c o l l e c t e d  f r o m  3 d i f f e r e n t  l o c a t i o n s  d u r i n g  t h e  1981 f i e l d  season b u t  3 o f  t h e  
measurements which were c o l l e c t e d  a t  a s i n g l e  l o c a t i o n  i n  1979 were r e a s s i g n e d  
t o  t h e  Noatak Sandstone ,  c a u s i n g  t h e  t o t a l  number o f  measurements from t h e  
Hunt Fork S h a l e  t o  remain a t  31. Sedimentary f e a t u r e s  measured i n c l u d e  15 
t rough c r o s s - s t r a t a ,  8 pr imary c u r r e n t  l i n e a t i o n s ,  4 t a b u l a r  c r o s s - s t r a t a ,  3 
o s c i l l a t i o n  r i p p l e  markings,  and 2 f l u t e  marks. 

F igure  17 is a map compi la t ion  of a l l  p a l e o c u r r e n t  data c o l l e c t e d  from 
t h e  Hunt Fork S h a l e ,  w i t h  o u t c r o p s  o f  t h e  Noatak Sandstone and Kanayut 
Conglomerate p l o t t e d  f o r  r e f e r e n c e .  The d a t a  show t h a t  sediment t r a n s p o r t  i n  
t h e  Hunt Fork S h a l e  was everywhere g e n e r a l l y  toward t h e  southwest .  The 
az imutha l  v e c t o r  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 from t h e  Hunt 
Fork Sha le  a r e  2 1 5 ~ = 5 6 ~ ,  r e f l e c t i n g  t h e  o v e r a l l  s o u t h w e s t e r l y  sediment 
t r a n s p o r t  d i r e c t i o n  ( f i g .  17 ) .  The r e l a t i v e  c o n s i s t e n c y  o f  t h e s e  d a t a  
probably  i n d i c a t e s  t h a t  sediment  was c h i e f l y  t r a n s p o r t e d  o f f s h o r e .  A few 
measurements which show s i g n i f i c a n t  d e v i a t i o n  from t h e  mean may r e s u l t  from 
storm-generated c u r r e n t s  a f f e c t i n g  sed imen t s  d e p o s i t e d  i n  s h a l l o w e r  wa te r .  

Noatak Sandstone 

S i x t y - e i g h t  p a l e o c u r r e n t  measurements, t aken  from 13 s e p a r a t e  l o c a t i o n s  
i n  t h e  former marine b a s a l  sands tone  member of t h e  Kanayut Conglomerate, were 
r e p o r t e d  i n  map form and by summary r o s e  diagram by Ni lsen  and o t h e r s  (1980a,  
s h e e t  2 ) .  Ni lsen  and Moore (1982a) l a t e r  c o r r e l a t e d  t h e  b a s a l  sands tone  
member o f  t h e  Kanayut Conglomerate w i t h  t h e  Noatak Sandstone  o f  t h e  wes te rn  
Brooks Range. The nomenclature o f  Ni lsen  and Moore (1982a) is h e r e i n  used;  
a l l  o f  t h e  p a l e o c u r r e n t  d a t a  a r e  t h e r e f o r e  now a s s i g n e d  t o  t h e  Noatak 
Sandstone.  During t h e  1981 f i e l d  season ,  we c o l l e c t e d  a t o t a l  o f  18 new 
p a l e o c u r r e n t  measurements from t h e  Noatak Sandstone ,  i n c l u d i n g  7 from t h e  
Mulgrave H i l l s  i n  t h e  western  Brooks Range. We p r e s e n t  h e r e  a compi la t ion  o f  
t h e  d a t a  c o l l e c t e d  from t h e  p r e v i o u s l y  named b a s a l  sands tone  member o f  t h e  
Kanayut Conglomerate and t h e  d a t a  c o l l e c t e d  d u r i n g  1981. We a l s o  i n c l u d e  h e r e  





s e v e r a l  p a l e a c u r r e n t  measurements c o l l e c t e d  d u r i n g  1980 which have been 
r e a s s i g n e d  from t h e  Hunt Fork S h a l e  t o  t h e  Noatak Sandstone.  

A t o t a l  o f  87 p a l e o c u r r e n t  measurements c o l l e c t e d  from t h e  Noatak 
Sandstone  a r e  p r e s e n t e d  i n  map form i n  Figure 18. Sedimentary f e a t u r e s  
measured i n c l u d e  t a b u l a r  c r o s s - s t r a t a  (43  measurements) ,  t rough c r o s s - s t r a t a  
(27 measurements) ,  primary c u r r e n t  l i n e a t i o n s  ( 1 4  measurements) ,  r i p p l e  
markings (2 measurements) and pebble  t r a i n s  (1  measurement). The p a l e o c u r r e n t  
d a t a  b road ly  s u g g e s t  w e s t e r l y  o r  s o u t h w e s t e r l y  sediment  t r a n s p o r t ,  but  are 
v e r y  v a r i a b l e  i n  o r i e n t a t i o n .  The az imutha l  v e c t o r  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 from t h e  Noatak Sandstone  a r e  2470+6g0, 
r e f l e c t i n g  o v e r a l l  s o u t h w e s t e r l y  sediment t r a n s p o r t .  Seven palezcurrent;  
measurements t aken  from t h e  Noatak Sandstone  i n  t h e  Mulgrave H i l l s  i n  t h e  
western  Brooks Range y i e l d  an az imutha l  v e c t o r  mean and s t a n d a r d  d e v i a t i o n  o f  
2 0 1 ~ ~ 3 7 ~  whereas t h e  az imutha l  v e c t o r  mean and s t a n d a r d  d e v i a t i o n  o f  80 
p a l e o c u r r e n t  measurements taken i n  t h e  c e n t r a l  and e a s t e r n  Brooks Range is 
2420+70°. These d a t a  may s u g g e s t  t h a t  sediment  t r a n s p o r t  is more s o u t h e r l y  i n  
o r i e n t a t i o n  i n  t h e  western  Brooks Ranges than  i n  t h e  c e n t r a l  and e a s t e r n  
Brooks Range. T h i s  d i f f e r e n c e  is no t  cons ide red  t o  be s t a t i s t i c a l l y  
s i g n i f i c a n t ,  b u t  may r e s u l t  from counter-c lockwise  o r o c l i n a l  r o t a t i o n  o f  t h e  
wes te rn  Brooks Range d u r i n g  t h e  Mesozoic as sugges ted  by r e g i o n a l  s t r u c t u r a l  
t r e n d s .  A l t e r n a t i v e l y ,  t h e  d i f f e r e n c e  i n  o r i e n t a t i o n  may r e s u l t  from 
i r r e g u l a r i t i e s  i n  t h e  c o n f i g u r a t i o n  o f  t h e  Kanayut-Noatak d e p o s i t i o n a l  bas in .  

We b e l i e v e  t h a t  t h e  Noatak Sandstone was d e p o s i t e d  c h i e f l y  a s  marine 
b a r s .  The g e n e r a l  c o n s i s t e n c y  o f  t h e  p a l e o c u r r e n t  data from t h e  Noatak 
Sandstone s u g g e s t s  t h a t  sediment t r a n s p o r t  was p r i m a r i l y  o f f s h o r e .  
P a l e o c u r r e n t  measurements which d e v i a t e  s i g n i f i c a n t l y  from t h e  mean may have 
r e s u l t e d  from l o c a l  onshore  and longshore  sediment t r a n s p o r t  r e l a t e d  t o  wind-, 
wave-, storm-, and t ide -genera ted  c u r r e n t s .  

Kanayut Conglomerate 

I n  o u r  r e p o r t  of t h e  1978 f i e l d  s e a s o n ,  w e  p l o t t e d  158 p a l e o c u r r e n t  
measurements from t h e  f l u v i a l  Ear Peak ( f o r m e r l y  t h e  lower s h a l e  member), 
S h a i n i n  Lake ( f o r m e r l y  t h e  middle conglomerate  member), and S t u v e r  Members of 
t h e  Kanayut Conglomerate ( N i l s e n  and o t h e r s ,  1980a).  During t h e  1979 f i e l d  
s e a s o n ,  w e  measured an a d d i t i o n a l  156 p a l e o c u r r e n t  d i r e c t i o n s  a t  35 s e p a r a t e  
l o c a t i o n s .  The o r i e n t a t i o n  of t h e  measurements was compiled and p l o t t e d  i n  
map form and by summary r o s e  diagram ( N i l s e n  and o t h e r s ,  1981a, s h e e t  1) .  
Another 291 d e t e r m i n a t i o n s  were l a t e r  c o l l e c t e d  d u r i n q  t h e  1980 f i e l d  season  
and r e p o r t e d  by Ni lsen  and o t h e r s  (1982b). We r e p o r t  h a r e  an a d d i t i o n a l  49 
p a l e o c u r r e n t  measurements c o l l e c t e d  d u r i n g  t h e  1981 f i e l d  season ,  i n c l u d i n g  20 
c o l l e c t e d  from t h e  Mulgrave H i l l s  i n  t h e  wes te rn  Brooks Range ( f i g .  91,  a 
r e g i o n  i n  which we p r e v i o u s l y  had no d a t a .  These d a t a ,  t o g e t h e r  w i t h  t h e  
reass ignment  o f  s e v e r a l  p a l e o c u r r e n t s  t o  o t h e r  u n i t s ,  b r i n g s  t h e  t o t a l  number 
o f  p a l e o c u r r e n t  measurements from t h e  Kanayut Conglomerate t o  626. 
Sedimentary f e a t u r e s  measured d u r i n g  a l l  f o u r  f i e l d  s e a s o n s  i n c l u d e  283 t rough  
c r o s s - s t r a t a ,  157 clast i m b r i c a t i o n  and long-axis  o r i e n t a t i o n s ,  82 t a b u l a r  
c r o s s - s t r a t a ,  66 primary c u r r e n t  l i n e a t i o n s ,  16 c u r r e n 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 r o s i o n a l  s c o u r s ,  2 s u r f a c e s  wi th  a l i g n e d  
plant f r agments ,  1 channel-margin o r i e n t a t i o n ,  and 1 f lu id -escape  f o l d .  

The p a l e o c u r r e n t  d a t a  a r e  p resen ted  i n  map form on F igure  19 u s i n g  a 
summary r o s e  diagram and az imutha l  v e c t o r  mean and s t a n d a r d  d e v i a t i o n .  The 
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map shows t h a t  t h e  pa leocur ren t  d a t a  c o n s i s t e n t l y  shows w e s t e r l y  o r  
sou thwes te r ly  sediment t r a n s p o r t  throughout  t h e  b e l t  o f  exposure.  S i g n i f i c a n t  
numbers o f  sou the r ly -d i rec ted  pa leocur ren t  measurements a r e  p r e s e n t  a long t h e  
Alaska p i p e l i n e  i n  t h e  Atigun River area ( s e e  i n s e t ,  f i g .  19) and i n  a  l i m i t e d  
a r e a  about  30 km west of t h e  K i l l i k  River ( s e e  i n s e t ,  f i g .  19) .  
U n i d i r e c t i o n a l  i n d i c a t o r s ,  shown by t h e  darkened a r e a  i n  t h e  r o s e  diagram 
( f i g .  19) i n d i c a t e  predominantly sou thwes te r ly  sediment t r a n s p o r t .  
B i d i r e c t i o n a l  i n d i c a t o r s  ( t h o s e  g i v i n g  d i r e c t i o n ,  but  not  s e n s e  of  t r a n s p o r t ) ,  
shown by t h e  c l e a r  a r e a  i n  t h e  r o s e  diagram, a l s o  sugges t  west-southwest ( o r  
e a s t - n o r t h e a s t )  sediment t r a n s p o r t .  The az imutha l  v e c t o r  mean and s t andard  
d e v i a t i o n  o f  a l l  measurements from t h e  Kanayut Conglomerate is 2420L470, but  
range from 172'+28' to 3 0 4 ~ ~ 3 0 ~  f o r  i n d i v i d u a l  l o c a t i o n s  having more than  4  
measurements ( fTg. 19). 

Because maximum c l a s t  d a t a  s i z e  from t h e  Kanayut i n d i c a t e s  t h a t  t h e r e  
were a t  l e a s t  two and perhaps t h r e e  major t runk  systems feed ing  sediment i n t o  
t h e  Kanayut d e p o s i t i o n a l  b a s i n  ( s e e  Maximum C l a s t  S i z e  Data,  page 411, we have 
determined t h e  az imutha l  v e c t o r  mean and s t andard  d e v i a t i o n  o f  p a l e o c u r r e n t  
d a t a  s e p a r a t e l y  from t h r e e  d e p o s i t i o n a l  r eg ions  -- c a l l e d  he re  f o r  convenience 
t h e  wes te rn ,  c e n t r a l  and e a s t e r n  Brooks Range reg ions .  These t h r e e  r e g i o n s ,  
subdivided a t  1 4 6 ~  and 159' l o n g i t u d e ,  approximate t h e  a r e a s  o f  i n f l u e n c e  o f  
t h e  t h r e e  major t runk  systems d e l i n e a t e d  by t h e  maximum c l a s t  s i z e  d a t a .  

Forty-one p a l e o c u r r e n t s  from t h e  Kanayut Conglomerate measured i n  t h e  
region e a s t  of 146' l o n g i t u d e  (approximate ly  t h e  l o c a t i o n  of A r c t i c  V i l l a g e )  
y i e l d  an az imuthal  v e c t o r  mean and s t andard  d e v i a t i o n  o f  26g0=44'. These d a t a  
s u g g e s t  t h a t  sediment t r a n s p o r t  was predmoninantly toward t h e  west a t  t h e  
e a s t e r n  end o f  t h e  Kanayut bas in .  

Pa leocur ren t  d a t a  i n  t h e  c e n t r a l  Brooks Range, from which most o f  our  
d a t a  comes, may have been in f luenced  l a r g e l y  by t h e  t runk  system which e n t e r e d  
t h e  b a s i n  i n  t h e  Sha in in  Lake area ( s e e  Maximum C l a s t  Size Da ta ) .  F ive  
hundred and s i x t y - f i v e  p a l e o c u r r e n t  measurements taken between 146' and 159' 
long i tude  y i e l d  an azimuthal  v e c t o r  mean and s t andard  d e v i a t i o n  o f  240°L460, 
i n d i c a t i n g  t h a t  sediment t r a n s p o r t  was g e n e r a l l y  toward t h e  southwest  i n  t h e  
c e n t r a l  Brooks Range. 

I n  the western  Brooks Range, 20 p a l e o c u r r e n t  measurements taken west o f  
15g0 l o n g i t u d e  y i e l d  an az imutha l  v e c t o r  mean and s t andard  d e v i a t i o n  o f  
22g0+46'. These d a t a  sugges t  t h a t  sediment t r a n s p o r t  was somewhat more 
sou t i i e r ly  d i r e c t e d  i n  t h e  western  Brooks Range. This more s o u t h e r l y  
o r i e n t a t i o n  may have r e s u l t e d  from counter-c lockwise  o r o c l i n a l  r o t a t i o n  dur ing  
Mesozoic t h r u s t i n g ,  a s  suggested by r e g i o n a l  s t r u c t u r a l  t r e n d s  o r ,  
a l t e r n a t i v e l y ,  from i r r e g u l a r i t i e s  i n  t h e  c o n f i g u r a t i o n  o f  t h e  Kanayut 
d e p o s i t i o n a l  bas in .  

We a l s o  c a l c u l a t e d  t h e  az imuthal  v e c t o r  mean and s t andard  d e v i a t i o n  o f  
p a l e o c u r r e n t  d a t a  from t h e  t h r e e  members of t h e  Kanayut Conglomerate i n  o r d e r  
t o  q u a n t i f y  any possible s h i f t  o f  sediment t r a n s p o r t  through time i n  t h e  
Kanayut d e p o s i t i o n a l  bas in .  Two hundred f o u r t e e n  pa leocur ren t  measurements 
taken from t h e  Ear Peak Member y i e l d  an azimuthal  v e c t o r  mean and s t andard  
d e v i a t i o n  o f  242O247O; 237 measurements from t h e  Sha in in  Lake Member y i e l d  
246O +41°; 131 measurements from the  S tuver  Member y i e l d  23202560 and 41 
measuFements from u n d i f f e r e n t i a t e d  a r e a s  of exposure o f  t h e  Kanayut 



Conglomerate, mainly i n  t h e  sou the rn  and western  Broaks Range, y i e l d  
2420+4T0. These d a t a  a r e  g e n e r a l l y  c o n s i s t e n t  between members bu t  may sugges t  
t h a t s e d i m e n t  t r a n s p o r t  was s l i g h t l y  more s o u t h e r l y - d i r e c t e d  d u r i n g  d e p o s i t i o n  
o f  t h e  S t u v e r  Member. Th i s  d i f f e r e n c e ,  however, is probably  s t a t i s t i c a l l y  
i n s i g n i f i c a n t .  We b e l i e v e ,  t h e r e f o r e ,  t h a t  t h e  f l u v i a l  sediment t r a n s p o r t  
d i r e c t i o n  was predominantly toward t h e  southwest  throughout  t h e  e n t i r e  t i m e  o f  
d e p o s i t i o n  o f  t h e  Kanayut Conglomerate. Donovan and T a i l l e u r  (1975) 
p r e v i o u s l y  determined s o u t h e r l y  d i r e c t i o n s  o f  sediment t r a n s p o r t  f o r  t h e  
Kanayu t Conglomerate. 

Kayak Sha le  

Nineteen p a l e o c u r r e n t  measurements from t h e  shallow-marine o r  i n t e r t i d a l  
b a s a l  sandstone member o f  t h e  Kayak Sha le  were p r e v i o u s l y  r e p o r t e d  by Ni lsen 
and o t h e r s  (1982b).  During t h e  1981 f i e l d  season  we c o l l e c t e d  2 a d d i t i o n a l  
pa leocur ren t  measurements and have reass igned  2 a d d i t i o n a l  measurements from 
t h e  Kanayut Conglomerate. The t o t a l  number of p a l e o c u r r e n t  measurements 
c o l l e c t e d  t o  d a t e  from t h e  Kayak Sha le  is 23, i n c l u d i n g  8 c u r r e n 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,  6 t a b u l a r  c r o s s - s t r a t a ,  2 t rough 
c r o s s - s t r a t a ,  1  c l a s t  long-axis o r i e n t a t i o n  and 1 b a l l  and p i l low s t r u c t u r e .  

Although t h e  sediment t r a n s p o r t  d i r e c t i o n  given by t h e  measurements is 
r e l a t i v e l y  c o n s i s t e n t  a t  each l o c a t i o n ,  t h e r e  is c o n s i d e r a b l e  v a r i a b i l i t y  i n  
d a t a  between l o c a t i o n s  ( f i g .  20). Because o f  t h i s  geographic  v a r i a t i o n ,  t h e  
s i g n i f i c a n c e  o f  t h e  v e c t o r  mean and s t a n d a r d  d e v i a t i o n  ( 1 4 2 ~ ~ 8 5 ~ )  is 
r e l a t i v e l y  minor. We a t t r i b u t e  t h e  v a r i a b i l i t y  o f  p a l e o c u r r e n t  mesurements i n  
t h e  Kayak Sha le  t o  a l t e r n a t i n g  o f f s h o r e ,  onshore ,  and longshore  sediment 
t r a n s p o r t  r e l a t e d  to wave-, wind-, storm-, and t ide-generated c u r r e n t s .  

SUMMARY 

This  r e p o r t  summarizes s t r a t i g r a p h i c  and s e d i m e n t o l o ~ i c  d a t a  c o l l e c t e d  
dur ing  t h e  1981 f i e l d  season i n  the central and western  Brooks Range. The 
Kanayut Conglomerate c o n s i s t s  of t h r e e  f l u v i a l  members, i n  ascending o r d e r ,  
t h e  Ear Peak, Sha in in  Lake, and S tuver  Members. The Ear Peak Member i n  the 
a r e a s  covered by t h i s  r e p o r t  o v e r l i e s  c a l c a r e o u s  sands tone  and conglomerate of  
t h e  Noatak Sandstone t h a t  was depos i t ed  i n  shallow-marine environments.  The 
Ear  Peak Member is i n f e r r e d  t o  have been depos i t ed  by meandering s t r eams ,  t h e  
Sha in in  Lake by bra ided streams, and t h e  S tuver  by meandering s t r eams .  The 
S tuver  Member is o v e r l a i n  by shallow-marine and i n t e r t i d a l  f ine-gra ined 
sandstone a t  t h e  base  of t h e  Kayak Shale .  

The t h r e e  members o f  t h e  Kanayut can be recognized i n  t h e  c e n t r a l  Brooks 
Range ( f i g s .  5 ,  7 and 81, b u t  are not  d i f f e r e n t i a b l e  i n  t h e  western  Brooks 
Range ( f i g s .  10, 11, 12, 13) .  The coarse-gra ined Sha in in  Lake Member, which 
permits  s e p a r a t i o n  of t h e  members i n  t h e  c e n t r a l  and eastern Brooks Range, 
a p p a r e n t l y  p inches  o u t  between S i a v l a t  Mountain and t h e  Mulgrave H i l l s  r e g i o n  
t o  the  west .  The Kanayut Conglomerate i n  t h e  western  Brooks Range c o n s i s t s  o f  
as  much as 300 m o f  meandering-stream d e p o s i t s  t h a t  c o n t a i n  abundant i n t e r b e d s  
of marine strata i n  t h e  upper and lower p a r t s .  

The maximum c l a s t  size of 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  i n  t h e  c e n t r a l  Brooks Range, sugges t ing  
t h a t  a major trunk stream 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  bas in  i n  t h i s  





area. A second major  t r u n k  stream probab ly  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  a t  
its n o r t h e a s t e r n  end,  and p o s s i b l y  a t h i r d  i n f l u e n c e d  d e p o s i t i o n  i n  t h e  
wes t e rn  Brooks R a n ~ e  . 

The composi t 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 of t h e  cong lomera t e s  examined, 
a b o u t  80-95 p e r c e n t  of t h e  p e b b l e s  are c h e r t ,  a b o u 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 .  Pebb le s  o r  a r g i l l i t e  and o t h e r  rock  f r agmen t s  a r e  
r a r e .  

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 ,  p r imary  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 i m b r i c a t i o n  and l o n ~  a x e s  of pebbles i n  t h e  t h r e e  f l u v i a l  
members of  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  
sou thwes t  across most  o f  t h e  c e n t r a l  and w e s t e r n  Brooks Range. 

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 compr i se s  t h e  f l u v i a l  p a r t  of a p r o g r a d i n g  d e l t a  
sys t em (fig. 21 1. The c o n s i s t e n t  southwestward d i r e c t i o n  of  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  w i t h  t h e  southwestward d e c r e a s e  o f  g r a i n  size, 
suggests 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  s o u r c e ,  a l t h o u g h  t h e  
a l l o c h t h a n o u s  n a t u r e  of t h e  o u t c r o p  b e l t  p r e c l u d e s  i d e n t i f i c a t i o n  of t h e  
s o u r c e  a t  p r e s e n t .  Judging  from t h e  abundance of 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  s o u r c e  t e r r a n e  was probab ly  composed m o s t l y  of 
s l i g h t l y  metamorphosed s e d i m e n t a r y  r o c k s  o r  underwent e x t e n s i v e  chemica l  
wea the r ing .  
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