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Preliminary report on t h e  sedimentology and stratigraphy 

of the Kanayut Conglomerate and associated units, 

c e n t r a l  and e a s t e r n  Brooks Range, Alaska 

BY 

T. H. Nilsen,  T. E. Moore, J. T .  D u t r o ,  Jr., W. P. BrosgC, and D. M. Orchard 

ABSTRACT 

The E n S c o t t  Group of the c e n t r a l  and eastern Brooks Range, M a s h ,  

r ecords  a major onlap-cfflap cycle of Late Devonian t o  Early Mississippian age 

( T a i l l e u r  and others, 1967).  From base t o  top, t h e  Endicott  Group in t h i s  area  

comprises: (1) the Hunt Fork Shale, 1,500 m of deep-marine, fine- t o  medium- 

grained sandstone, s i l t s t o n e ,  and p h y l l i t i c  shale of e a r l y  Late Devonian age: 

( 2 )  the Kanayut Ccnglomerzte, nea r ly  2,000 m of mostly nonmarine conglomerate, 

sandstone, and shale of late Late ~ e v o n i a n  and possibly Mississippian age; 

( 3 )  t h e  Kekiktuk Conglomerate, 100 m of nonmarine granule to  cobble conglomerate, 

sands tcse ,  m.6 cocl cf Early ?i i ss iss ippian  age; ( 4 )  the Kayak Shale, 300 m of 

sandstone,  a r g i l l a c e o u s  l imestone ,  black s h a l e ,  and red limestone of Early Mis- 

sissippian age; and ( 5 )  t h e  I t k i l y a r i a k  Formation (a lateral equivalent of the  

Kayak Shale), 50-300 rn of m a r i n e  shale, calcareous  s i l t s t o n e ,  q u a r t z i t e ,  and 

l imestone.  The Hunt Fork S h a l e  is commonly underlain by the Beaucoup Formation, 

a newly named unit (Dutro and others, 1979), c o n s i s t i n g  of 300 m of marine sand- 

stone, chert-pebble conglomercte, ca lcareous  s i l t s t o n e ,  black shale and reefal 

limestone of early Late Devonizcl age. The haucoup  Formation may represent an 

ea r l i e r  onlep-offlap cycle a n C  is not included in the Eneicot t  Group. 

Mapping in progress has p m i t t e d  slrbeivision of t h e  Kanayut Bnglomerate 

into four  regionally persistent members: ( a )  t h e  basal  s a n d s t o n e  member, 560 m 

i 



of marine medium-grained sandstone and shale w i t h  sane interbedded nonmarine 

conglomerate; (b) the lower shale member, 550 m of nonmarine quartzite, con- 

glmerate ,  and red shale;. ( e )  the  middle conglomerate member, c o n s i s t i n g  of 4 5 0  m 

of massive nonmarine pebble and cobble conglomerate and quartzite, and (dl  the 

Stuver Member, 400 rn of no&rine conglomerate, sandstone, and shale. The three 

nonmarine members of the  Kanayut a re  the same as the three members originally 

described in the  type section by  Bowshex and Dutro (1957). The daminantly 

marine sandstone member i s  new. 
I .  I .  

Analysis of sedimentary s t ruc tures ,  facies relations axid measured sections 

indicates t h a t  the deep-marine upper part of the Hunt Fork Shale grades upward 
v .  

into the shallow-marine basal sandstone member of the Kanayut Conglomerate. 

Analysis of sedimentary structures and depositional cycles in the  Kanayut 

suggests that the  lower shale member was deposited by progradaticrn of meandering 

stream facies  over t h e  basal shallowlnarihe sandstone m e m b e r ,  culminating i n  

braided stream deposits of the middle conglomerate member, The successively 

overlying Stuver Member and basal sandstone and black shale of the Kayak Shale 

record a major regression of the Kanayut depositional system from meandering- 

stream t o  shallow-marine and deep-marine fac ies ,  respectively. The entire 

sequence, therefore,  records outbuilding of a major f l u v i a l  system into a marine 

basin during L a t e  Devonian time, and i t s  subsequent burial by an  Early Missis- 

sippian marine transgression. 

Clast size data from t h e  Kanayut Conglomerate indicate t h a t  the largest 

c lasts  are generally contained in the northern and easternmost outcrops. Paleo- 

current data from t he  f luv ia l  deposits indicate sediment transport toward the 

southwest. 

mnglomerate of the Kanayut depositional system i s  cornpsi t ional ly very 



matwe,  composed primarily of chert with lesser amounts of quar tz  and quartzite. 

Chert is more abundant in finer thzrl coarser conglomerate. Clast shape data 

indicate that chert clasts are smaller and less well rounded than q-rtz i te  and 

vein quartz clasts, probably because chert' chips and splinters more easily than 

quartzite and vein quartz. The Kekiktuk Conglomerate i n  the  eastern Brooks 

Range is depleted in chert and enriched in vein quartz relative to Kanayut 

Conglomerate and shows no reMar relationship between clast abundance and size. 

These data suggest that Kekiktuk conglomerates have undergone less abrasion 

and sort ing than Kanayut conglomerates, possibly reflecting closer proximity 

t o  t h e  source area, 

Sandstones of t h e  Kanayut Conslomerate are also compositionally mature, 

consisting predominantly of well-sorted and subrounded grains of chert, quart- 

zite, and a r g i l l i t e .  Feldspar is r u e .  The compositional and texkural maturity 

of both sandstone and conglonerate suggest primarily a sedimentary source ter- 

rane for  the Kanayut de-psitional system. A l ike ly  provenance for a t  least 

part of the Kanayut depositional system is the same pre-Carboniferous chert, 

quartzite, and g r a n i t i c  rocks that presently crop o u t  i n  t h e  nor theas te rn  

Brooks Range and the B r i t i s h  m u n b j n s .  

iii 



INTRODUCTION 

Purpose and scope 

The Kanayut Conglomerate and associated rocks of the End ico t t  Group 

(Tailleur and o thers ,  1967) comprise a depositional complex of Late Devonian 

and Early Mississippian age in the c e n t r a l  and eastern Brooks Range of northern 

Alaska (fig. 1). Regional geologic mapping combined w i t h  stratigraphic, sedi -  

mentologic and biostratigraphic studies have provided su f f i c i en t  data t o  synthesize 

the paleographic framework of these s t ra ta .  The Endicott Group contains p o t e n t i a l  
I .  ,. 

clastic reservoirs both of Devonian age that are r e g i o n a l l y  extens ive  in t h e  

shallow subsuxface of t h e  Brooks Range and Southern Footh i l l s , and  of Early Missis- 

s ipian u l d  possibly k v o n i a n  age t h a t  are present i n  isolated basins i n  the deep sub- 

surface of t h e  Northern F o o t h i l l s  m d  Coastal P l a i n .  These p t e n t i a l  reservoirs  

underlie parts of the National  Petroleum Reserve in Alaska (NPRA). 

This preliminary report presents r e s u l t s  of work completed in 1978 between 

t h e  Kil l ik  and I t k i l l i k  Rivers in t h e  central  Brooks Range and  near the East 

Pork of the  Chandalar River i n  the eastern Brooks Range. I t  also includes s t r a t i -  

graphic infornation obtained by r eg iona l  mapping in i n t e r n i n g  areas in 1975,  

1976 and  1977. The report emphasizes s edben to log i c  analyses of d e p o s i t i o n a l  

cycles, paleozurrents, clast s i z e  d i s t r i b u t i o n ,  petrography, and d e p o s i t i o n a l  

facies.  These studies  are s m a r i z e d  in a paleogeographic sketch nrap showing 

t h e  inferred shape and i n t e r n a l  relations of the depositional system in  Late 

Devonian t ime.  

. . S t r a t i q r a p h i c  framework. 

The Upper Devonian and Mississippian strata form a major offlap-onlap 

cycle fo r  which the up-per lkvonian Kanayut Conglomerate and the  Lower Mississip- 

piul  Kekiktuk Conglomerate make up the.nonmarine m i d d l e  components of t h e  cycle 



F i g u r e  1.--Index map of Alaska showing location of areas d e s c r i h d  in this 
report: ( r u l e d  pattern).  B r i t i s h  Wunta ins  (Er) and Brooks Range 
are shown in heavy l ines,  eastern and central parts of Brooks Range 
by broken lines. Abbreviations: AV, Arctic V i l l a g e ;  AP, Anaktuvuk 
Pass. Quadrangle names are designated by initial l e t t exs :  H, 
Howard Pass; K t  K i l l i k  River; C, Chandler Lake; P, Philip Smith 
Mountains; A ,  Arctic; T, Table Mountain; Am, Ambler River; S, Survey 
Pass; W; Wiseman;  CH, Chandalar; CR, Christian; and CO, Coleen. 





(fig. 2 ) .  The Wvonian Beaucoup Formation and Hunt Fork  Shale comprise the 

lower marine portion of t h e  cycle and t h e  Mississippian Kayak Shale  or its local 

e y i v a l e n t ,  the Itkilyariak F o ~ t i o n ,  comprise the upper marine p o r t i o n .  

prior reconnaissance mapping had ~ u t l - b e d  t h e  general d i s t r i b u t i o n  of t h e  

fornat ions  of the  Endicott Group. However, detailed mapping and division of t h e  

Kanayut Conglomerate i n t o  in foma1 members w e r e  limited t o  areas near Shainih 

Lake and Anaktuvuk Pass ( B o w s h e r  an2 Dutro, 1957; Porter, 1966). Members of 

the Kanayut mnglomerate and of the Hunt Fork Shale have now been mapped in t h e  

Ph i l i p  Smith Mountains quackangle as a result of f ie ld  work done in 1975-1976 

(Brosge and others ,  1979a) and in t h e  region westward t o  the  K i l l i k  River 

valley as a result of field work done in 1977-1978 ( ~ r o s g h  and others, 1979b). 

The Kanayut Conglomerate and Kayak S h a l e  were d e s c r i k d  by Bowsher and 

Dutro (1957) in the Shainin Lake area and by Porter (1966) near Anaktuvuk Pass. 

Bowsher and D u t r o  described and named t h e  upper three members of t h e  Kanayut, 

and Forter described the lowest  m a r ,  which i s  absent at Shainin fake.  All 

four members w e r e  again described, with t h e  revised names used in this report, 

i n  the Ph i l i p  Smith Mountains area (Brosg& a d  others, 1979a) .  The Hunt Fork 

Shale was defined by Chapman and others (1964), with i t s  type s e c t i o n  just west 

of t h e  Okokmilaga Valley. The Kekiktuk Conglomerate, a basal Carboniferous 

coarse-grained e las t i c  nit coeval with t h e  lower part of t h e  type Kayak Shale, 

was named f o r  outcrops west  of Lake Peters  in the northeastern Brooks Range by 

BrosgC and o t h e r s  (1962).  The I t k i l y a r i a k  Formation, an Ea r ly  Mississippian 

f ac i e s  equivalent t o  t h a t  part of t h e  Kayak Shale t h a t  crops o u t  i n  t h e  n o r t h -  

eastern Brooks Range, was rimed by Mull m d  Manqus (1972) for rocks exposed on 

I t k i lya r i ak  Creek in t h e  Sadlerochit Mountains of t he  northeastern Brooks Range. 

D i s t r i b u t i o n  and s t ruc ture  

With the possible exception of some smal l  areas in the northeastern Brooks 



Figure  2 .  --Columnar sections and inferred dews i t i o n d  'environments of mdicott 
Group in t h e  c e n t r a l  and northeastern Brook$. Range. 





Raqge, t h e  outcro? areas of the  Upper Devonian c l a s t i c  rocks, t h e  Beaucoup For- 

mation., Hunt Fork Shale and Kanilyut Conglomerate, are d i f f e r e n t  than the outcrop 

. zreas of t h e  Mississ ippian Kekiktuk Conglomerate ( f i g .  3 1 .  The Upper Devonian 

uni t s  are exposed i n  a band along t h e  68th parallel but are absent to the north, 

southwest, and east, where the Lower Mississippian ~ e k i k t u k  Conglomerate rests 

unconfonnably on pre-Upper Devonian rocks ( f i g .  3 ) .  The overlying Kayak Shale 

i s  present throughout the Brooks Range, resting stratigraphically abwe both 

the  Kanayut and Kekiktuk Conglomerates. In  one small area, 50 to 75 )an WNW of 

Arctic Vi l lage ,  both the Kanayut and Kekiktuk a r e  miss&ng ,- and the  Kayak Shale 
I .  , *  

rests directly oi t h e  Hunt Fork Shale. 

The Kekiktuk, Kayak and Itkilyariak Formations have also been penetrated 
, 

by d r i l l  holes north of the Brooks Range. mi t h e  Barrow Arch of t h e  Arctic 

Coast, the Kekiktuk lies unconformably on a r g i l l i t e  basement and i s  overlain 

by the Kayak Shale or  the I tk i lyar iak  Formation i n  most places. At Inigok well 

on the edge of the Umiat  Basin, strata thought  to be part of the Kekiktuk and 

Kayak formations were penetrated below the Lisburne Group at  a depth of 17,870 

t o  20,102 feet  ( tota l  depth) ( 5 , 4 4 7  to 6,127 m) ( I .L .  Tailleur and K. J. Bird, 

written comunications, 1979). 

The Upper Devonian part of the Endicott Group is not -own for certain t o  

have been reached i n  the subsurface, but equivalent rocks may k present locally 

i n  t h e  deeper parts of the M a t  and Meade Basins as out1ined.b~ seismic mapping 

(Tetra Tech, I n c . ,  1979). parts of the mdicott  Group may be as thick as 2,800 m 

in these deeply buried basins. seismic in terpre ta t ions  (Tetra Tech, Inc., 1979) 

shew a th ickness  of l e s s  than 1,000 rn of strata between the  ~ r b o n i f e r o u s  ( L i s -  

burne)horizon and the a r g i l l i t e  basement in  most o f  the  area, but as much as 

4,000 m i n  the Umiat Basin. 3-1 Inigok test w e l l  near the edge of the Umiat 

Basin, the Lisburne i s  about 1,200 m thick ( I .  L .  Tailleur and K. J. Bird, 



Figure 3.--Index map showing distribution of Kanayut and Kekiktuk Canglomerates 
and major f a u l t s  i n  t he  eastern and c e n t r a l  Brooks Range. Outcrops 
of the Kanayut Conglomerate a r e  shown by ruled pattern and outcrops 
of t h e  Kekiktuk Conglomerate nearest t o  t h e  Kanayut by dotted p a t t e r n .  
Abundant smdl outcrops of the ~ e k i k t u k  f a r t h e r  nor th  in t h e  nor theas t  
Brmks Range are omitted; t h e  area near t h e  Arctic coast where t h e  Kek- 
i k t u k  has been penetrated by wells is outlined by dotted l i n e .  Out- 
crops of conglomerate in the e a s t e r n  Brboks Range that inc lude both 
Kekiktuk and possible Kanayut are shown by short dash pattern. Faults 
t h a t  displace the Endicott  Group are shown by solid barbed lines. 
Faults along which younger rocks have been thrust over t h e  Endicott 
Group at southeast and northwest ends of mapped a r e a  are shown by 
heavy l ines  with open barbs. Lo=li t ies  mentioned i n  t e x t  axe shown 
by nwahred squares: I, Arctic Vil lage;  2 ,  Anaktuvuk Pass; 3 ,  Howard 
Pass; 4 ,  locat ion of Section B46 (fig. 4); 5, location of Section Bill 
(fig. 5 )  ; 6 ,  loca t ion  of  section STU near Shainin Lake (fig. 6) ; 
7 ,  l o c n t i o n  of Section CRL n e z  Chandler Lake (fig. 7); 8, location of 
S t a t i o n  8208 (Table 1). O u t l i n e s  of outcrops are from: BmsgC and 
R e i s e r ,  1962, 1964,  1965, 1969 and 1971; BrosgC, Reiser, Dutm and 
Detterman, 1976 and 1979; SrosgC, Reiser, D u t r o  and N i l s e n ,  1979; 
Mayfield and T a i l l e u r ,  1978; Mayfield,  Taille~r, lb11 and Sable, 1978; 
Nelson and Grybeck, 1980; ~ e i s e r ,  BrosgC, Dutro and Detterman, 1971 and 
1 9 7 4 ;  and from unpublished mapping by I.  L .  T a i l l e u r  i n  t h e  Howard Pass 
quadrangle and by t h e  authors and H. N. Reiser in t h e  Arctic and K i l l i k  
River quadrangles. I n f o m a t i o n  on wells is from K. J. Bird (oral  commun., 
1979) . 





written cormnwiications, 1 9 8 0 ) .  Assuming it to be t h i s  t h i c k  throughout the  

basin,  t h e  remaining 2,800 rn probably cons i s t s  of Esrdicott Group rocks,  of 

which judging from the section in the well, the upper 80 m i s  Kayak Shale and 

at least 620 m i s  Kekiktuk Con~lomerate. Part of the remaining 2,100 rn in t h e  

Umiat Basin may be Devonian rocks, because t h e  in te rva l  between basement and a 

local seismic horizon within the Kekiktuk increases frm about 1,000 m a t  t he  

w e l l  t o  a b u t  2,000 m i n  the basin, and it is unlikely that the Kekiktuk attains 

a thickness of 2,000 m. Steeply dipping conglomerate t h a t  contains Middle(?) 

Devonian plants ( m l l i n s ,  1958) was penetrated in T~pogoruk Well No. 1 at the 

northwest edge of t he  Vniat Bzsin. 

Most of the  Esldicott  Group i n  subsurface is only slightly defomed, whereas 

all outcropping strata are folded and faulted. The thick Devonian rocks of the 

E n d i c o t t  Group are broken into large plates t h a t  have been thrust northward 

over each other and over younger rocks. The outcrop trends of the thinner 

K e k i k t u k  Conglomerate, however, both  in the northeast Brooks Range and in t he  

southwest part of the aree shown on f igure  3 ,  reflect t h e  orientation of large 

an t i c l i no r i a  i n  the underlying lower Paleozoic and ~recambrian rocks. These 

trends are dominantly eas t -wes t ,  b u t  i n  Canada h d  sharply southward and con- 

verge with  those of the  southern B m k s  Range. As a result, t h e  outcrops of 

basement rocks and the overlying Kekiktuk ~ o n g l m e r a t e  surround the eastern 

outcrop limit of t h e  Devonian part of the Endirott Group. 

The thick Devonian units of the Endieott Group form a series of stacked 

thrust.plates i n  the  cmtrzl Brooks Range. The Kanayut Conglomerate in the  

central Brooks Range forms t h r ee  thrust plates t h a t  are bounded by faults 125 to 

450 m long, 15 t o  30 )an apart, znZ with local displacements of at least 5 t o  15 

. These faults r e g i o n a l l y  eip southward and o b l i q u e l y  i n t e r s e c t  t he  northern 

front of the Brooks Range to the  west .  Where each thrust fault i n t e r s e c t s  t h e  



range f r o n t ,  the t h r u s t  p l a t e  i s  fo lded  in to  a west-plunging a n t i c l i n e  and 

plunges out westward beneath the  over ly ing p la te .  Most of t h e  f a u l t s  also die 

out  eastward within t h e  range ,  becoming overturned a n t i c l i n e s  with little ox no 

horizontal displacement. However, the Toyuk Thrust of Porter (1966) exLends 

through most, if no t  a l l ,  of t h e  length of t h e  Kvlayut outcrop be l t .  Because  the 

plates north of t h e  Tbyuk Thrust plunge out - en echelon to the west, the eastern 

part of the Toy& Thrust plate is a t  the s o u t h  edge of the bel t  o f  Kanayut out- 

crops, while the western pa* forms t h e  l e a d i n g  edge of the Kanayut a t  the f r o n t  

of the Range. 

A set of north-dipping thrust faults separates the Vpper D e ~ n i a n  clastic 

rocks in the central Brcmks Range from the ~ e k i k t u k  Conglomerate to the southwest. 

These faults may be continuous a t  depth with t h e  faults t h a t  W a d  t h e  Devonian 

rocks on t h e  north.  Consequently,  the entire outcrop of Devonian rocks of the 

Endicott Group m y  be a giant klippz (Mull and o t h e r s ,  1976) .  However,  the  con- 

nection between these faults i s  presumed to be buried beneath subsequent thrust 

plates on the west and has not yet been found where it should & exposed around 

t h e  e a s t  end of the  presmed klippe (fig. 3 ) .  
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STRATI GRAPE 

Beaucoup Formation 

The Beaucoup F o m t i o n ,  a heterogeneous assemblage of dominantly calcareous 



rocks about 300 rn thick, under l ies  the  R-idieott Group in t h e  southeastern arid 

south-cent ra l  Brooks Range .(Dutro a n l  o the r s ,  1979). It lies u n c o n f o m b l y  on 

Silurian or Middle k v o n i a n  strzta and is overlain conformably by the Hunt Fork 

Shale.  

A t  -its type l o ca l i t y  in t h e  southeastern Phi l ip  Smith Mountains quadrangle 

(Dutro and others, 19791, the Beaucoup conta ins  several depositiondl cycles, 

each about 60-80 m th ick .  A twical cycle i s  i n i t i a t e d  by a basal sandstone, 

locally including chert-pebble conglomerate, overlain by calcareous s i l t s tone  

and black shale and capped by a limestone reef .  The thickest of the four reef 

horizons exposed in the type area is about 60 m. The basal Beaucoup in most 

.places i s  a conglomerate which eontains clasts derived from underlying lower 

and middle Paleozoic terranes. The f o m t i o n  in its lawex part a lso  includes 

about 50 m of black,  fine-grained limestone and calcareous shale .  

The reef and reef-related facies  are fossi l i ferous,  yielding a varied assem- 

blage of Frasnian (early Late b w n i a n )  age. The reefs themselves are bui l t  of 

stromatoporoids, algae and cora l s ,  but rugose corals are most abundant i n  reef- 

flank and reef -capping facies that  are silty, irregularly bedded limestone. Some 

of the characteristic fossils are: mcgeea, Phi l l ipsastraea,  Alveolites, 

Schizophoria, Nerrrostrophia, fkuvi l l ina,  w i d u l a ,  Thomasaria, Warrenella, At- 

and Spina trypa. 

Xmt Fork Shale 

The marine Hunt Fork Shale consists prir~arily of laminated black shale with 

graded beds of s i l t s t o n e  and f k e - p a i n e d  sandstone. 

~ h $  main part of t h e  H m t  Fork Shale cons i s t s  of a s  much as 1,000 m of fine- 

grzined gray sandstone, s i l t s t c n e  r q d  black p h y l l i t i c  shale organized into 15-25-  

rn-thick cycles. Ironstone concretions and phosphatic nodules are common in the 

black shale portions of the cycles .  This  -prt of the Hunt Fork persists through- 

out the entire area and i s  c o m o n l y  present a t  the bases of major thrust plates 

6 



where t e c t o n i c  t h i c k e n i n g  and t h i n n i n g  and low-rank metamorphism are common. 

The upper part of t h e  formation i n  many places contains packages of rneeiuri- 

bedded, f i n e -  t o  medim-grained, f e r r u g i n o u s  or calcareous l i t h i c  wacke and 

a r e n i t e  interbedded w i t h  grayish-qreq and black s i l t s t o n e  and shale .  This part 

of t h e  upper Hunt Fork i s  mapped informally as t h e  "wacke member" (BrosgC and 

others, 1979). The d i s t r i b u t i o n  of the wacke member is sporadic, being t h i c k e s t  

and most p e r s i s t e n t  between upper Alaph meek and t he  I t k i l l i k  Valley, where 

it is as t h i c k  as 500 m. The wacke member elsewhere is  generally thinner and 

appears to lx absent over much of t h e  upper Anaktuvuk drainage basin and between 
I .  

the Chandler and K i l l i k  River valleys. 

Fossils are p r e s e n t  in t h i n  coquinoid, ferruginous limestone o r  calcareous 

sandstone beds in the  main part of the H u n t  Fork, and in conglomerate l e n s e s  of 

shell fragments, i r o n s t o n e  and chert pebbles in the wacke member. These fossil- 

iferous beds probably represent debris f l o w  accumulations of shel ls  transported 

downslope. 

Beds in the main part of the H u n t  Fork Shale contain Frasnian (early U t e  

Devonian) invertebrate fossils, including corals, brachiopds, mollusks, algae, 

and echinoderm h b r i s  . Characteristic fossils are : Macgeea , Pachyphyllum, 

Schizophoria,  Nentostrophia,  Devonoproductus, Thomasaria, Cyrtospirifer, 

Atrypa, S p i n a t r y p a ,  pelecypods, be l lerophont id  gastropods, several other  k inds  

of gas t ropods ,  tentaculitids, a n d  o r thocon ic  cephalopods. Lenses i n  the wacke 

member con ta in  Famennian ( l a t e  U t e  Devonian) brac hiopods. 

K a n a p t  Conglomerate 

. . The K a n a y u t  Conglomerate i n  t h e  c e n t r a l  Brooks Range c o n s i s t s  of f o u r  

members. From b t t o m  to top, these are: t h e  sandstone member, the lower shale 

member, t h e  middle conglomerate member, an6 t h e  Stuver Member. 



Sankstone member 

The sands tone  member i s  a dominantly marine u n i t  d i s t i n g u i s h e d  by relatively 

p u r e ,  f i n e -  t o  medium-grainea, c a l c ~ r e o u s  h e m a t i t i c  sandstone i n  cross-bedded 

s e t s  o f  t h i n  p l a t y  beds. It i s  e q u i v a 1 e n t . t ~  t h e  t h e  lower member of P o r t e r  

( 1 9 6 6 ) .  Interbedded sha le  i s  most ly  red  near t h e  I t k i l l i k  River i n  t h e  north- 

eastern part of t he  r eg ion .  Elsewhere, t h e  s h a l e  i s  predominantly black or  

broknish-gray. Conglomerate i s  rare and i s  g e n e r a l l y  a g r a n u l e -  t o  small- 

pebble grit where p r e s e n t .  Cycles of conglomerate,  s ands tone ,  and shale a r e  

2-15 m t h i c k ,  except i n  the  Itkillik V a l l e y ,  where conglomerate i s  most 

abundant and the c y c l e s  may be as thick as 60 m. The d i s r r i b u t i o n  of t h e  mem- 

ber i s  less c o n s i s t e n t  than  thet of o the r  Kanayut members, and i t s  thickness 

v a r i e s  from 90 t o  560 m ,  t h i cken ing  i n  areas where the lower sha le  member i s  

t h i n  o r  absent. 

I Marine fossils occur a t  many l o c a l i t i e s  i n  the sandstone member, genera l l y  

i n  s h a l y  i n t e r v a l s  between sands tone  outcrops .  The f o s s i l s  c o n s i s t  of brachio-  

pods, inc lud ing  C y r t o s p i r i f e r ,  ga s t ropods ,  pelecypods and ech inodem d e b r i s  of 

p r o b a b l e  mid-Famennian ( l a t e  Late Devonian) age. F o s s i l s  of l a t e  F ra sn ian  

(early Late Devonian) age were found i n  one l o c a l i t y  i n  the P h i l i p S m i t h  

Mountains quadrangle. Regional ly the  sands tone  member appears t o  i n t e r f i n g e r  

l a t e r z l l y  and v e r t i c a l l y  wi th  the lower shale member. The lower c o n t a c t  with 

t h e  upper part of t h e  Hunt Fork Shale  is z lso  gradational. 

Lower sha le  m d e r  

' The lower s h a l e  member i s  the same a s  t h e  lower member of Bowsher and 

Dutro (1957), and c o n s i s t s  of c y c l e s  of conglomefate ,  sands tone ,  and shale .  

The thickness of t h e  c y c l e s  d e c r e ~ s e s  from e a s t  t o  w e s t ,  and t h e  percentage 

of conglomerate decr.easbs from n o r t h  to south. Maximum clast s i z e  va r i e s  l i t t l e  

a c r o s s  t h e  region, ranging generzlly from 3 t o  10 an. The member con ta ins  



little or no conglomerate in the s o u t h e r n  third of the outcrop belt. The amount 

of shble varies from 50-80% but is most abundant in the lower part. Red shale 

i s  typically present i n  each c y c l e .  The southward replacement of red shale by 

predominzntly gray and black shale tzkes place approximately.at t h e  same 

latitude as the south edge of the conglomerate in this member. The lower 

shale member gradationally underlies the middle conglomera te  member and 

overlies t he  sandstone member. 

The lower shale member is present in most of t h e  study area except to 

the south, where it is missing along the Brooks Ranga:divide between the 
b i 

upper Koyukuk River and  the Middle Fork of the Chandalar. It ranges in t h i c k -  

ness from an estimated 160 m west of the upper Itkillik Valley, to about 

440 m near t h e  type s e c t i o n  a t  Shainin Lake and an estimated 550 m south of 

Chandler Lake and in the Okokmilaga Valley. 

Plant fragments have been collected from the lower shale member in 

several places but are mostly indeterminate or nondiagnostie. A single collec- 

tion of fossil plants  from near the base of t h e  member i n  t h e  Arctic quadrangle 

a b o u t  275 hn fast of the type area was ide~tified as Devonian (S. H. Mamay, 

written commun., 1979). 

Middle  conglomerate member 

The middle conglomerate member is best developed in the zrea surrounding 

its type section southeast of S h a i n i n  Lake (Bowshex and Dutro, 1957) (locality 

6 ,  f i g .  3 ) .  It i s  a l s o  recognizable and mappable eastward into the Philip 

S n i t h  Mountains quadrangle ane westward from Anaktuvuk P a s s  (locality 2 ,  

f i g -  3 )  to the Killik River and beyond. 

In its type section, thick and massive beds of pebble and cobble con- 

gloaerate characterize t h e  middle conglomerate member. Maximum c l z s t  s i z e  



riecreases in a regular fashion from nor theas t  t o  southwest across  the-  central 

Brooks Range. The l a r g e s t  c l a s t s ,  a s  long a s  18 em In maximum dunens ion ,  have 

been observed i n  the  type  s e c t i o n  and t h e  a r e a  extending about  20 km nor the&t  

from it. The maximum c l a s t  size decrease?  south and west of Chandlex Lake 

(locality 7 ,  fig. 3 )  from about  10  an t o  1-3 cm, and i n  the  upper K i l l i k  

dra inage  only a few mall pebbles are present .  

The t h i c k n e s s  of t h e  middle  conglomerate member, about 400 m, is xemarka- 

b l y  c o n s i s t e n t  i n  i t s  main outcrop b e l t ,  The t h i c k e s t  estimated section 

(470 m) is about 32  )an WSW of Anaktuvuk Pass and t h e  two t h i n n e s t  s e c t i o n s  

(160 a b u t  2 4  h east and about 33 )an south of Sha in in  Lake. 

Both the upper and lower c o n t a c t s  of t h e  middle conglomerate menber are 

g r a d a t i o n a l  with ove r ly ing  and underlying manbers. No identifiable foss i l s  

have been recovered from the midele  conglomerate member, a l though inde te rmina te  

p l a n t  fragments are found. A l a te  Devonian age for t h e  middle conglomerate 

m e m k r  i s  assigned on t h e  basis  of i ts  strztigraphic position. 

Stuver Member 

The Stuver Member, namsd by Bovsher and D u t r o  (1957) , is C O I ~ F O S ~ ~  of 

cycles of conglomerate, sands tone ,  s i l t s t o n e ,  and gray-black or  red shale. 

Hematitic cement i s  present i n  some quartzite l ayers  and weathered "tripolitic" 

c h e r t  f ragments  i n  some of t h e  conglomerate.  Thinning- and fining-upward 

c y c l e s  are most common. Contects with t h e  under ly ing  middle conglomerzte 

mmher and ove r ly ing  Kayak Sha le  =e g r a d a t i o n a l .  

The Stuver Member i s  mapped from the Middle Fork of t h e  Chandalar 

River on the east to the vicinity of Howard Pass  on t h e  west. Xt is about 

270 rn t h i c k  a t  i t s  type s e c t i o n  zt Sha in in  Lake ( l o c a l i t y  6 ,  f i g .  3 ) .  In  

most p l a c e s  it i s  about 300 m t h ~ c k ,  but it var ies  from a mximum of 400 m 



a b o u t  1 6  km south of Shainin Lake t o  less t h a n  100  m i n  t h e  arez of t h e  

O k s h i l a g a .  and  K i l l i k  Rivers. 

F o s s i l  p l a n t s  from the  coaly shale of t h e  Stuver a r e  mostly inde te r -  

rninzte. However, i n  the type area the Late Devonian plant Archeopteris  has 

been i d e n t i f i e d  i n  t w o  c a l l e c t i o n s  from the S h a i n i n  Lake area ( J .  M. Schopf, 

w r i t t e n  c m u n . ,  1952)  and one fxom Anaktuvuk Pass (Porter,  1966). In addi- 

t i o n ,  probable h r l y  Carboniferous p l a n t s  are reported i n  one c o l l e c t i o n  

fram the Stuver Member between Shainin Lake and Anakfuvuk Pass ( S .  H. Mamay, 

w r i t t e n  comnun., 1979). The Devonian p l a n t  collectioris from t h e  Stuver ,  
b 

together  with Devonian plants from t h e  lower sha le  member,, indicate t h a t  most 

of the Kannyuk conglomerate was deposi ted i n  Devonian time. The probable 

Mississ ippian  p l a n t s  suggest  that at l eas t  l o c a l l y  f l u v i a l  Kanayut d e p o s i t i o n  

continued i n t o  t h e  Mississippian, as d i d  the correlative NOatak Sandstone 

(Dutro,  1953 ) .  west  of t h e  s tudy area. However, we do not have sufficient 

evidence a t  p resen t  t o  r ede f ine  t h e  age of t h e  Kanayut. 

Kekiktuk Conglomerate 

The Kekiktuk Conglomerate, t h e  b a s a l  c l a s t i c  phase of an onlappihg 

C a r b n i f e r o u s  sequence, unconfoxmably o v e r l i e s  o l d e r  Paleozoic and Precambrian 

rocks i n  t h e  eastern and south-cent ra l  Brooks Range and i n  most of those  parts  

of t h e  Coas ta l  P l a i n  where we l l s  have pene t ra ted  t o  basement, I n  its type 

s e c t i o n  west  of Lake P e t e r s  i n  t h e  nor theas t  Brooks Range, the Kekiktuk i s  

60 m t h i c k  and consists of granule  t o  cobble conglomerate and sandstone,  with 

some shz le  in te rbeds .  The th ickness  of t h e  Kekiktuk i s  rather uniform through- 

o u t  the eastern Brooks Range, genera l ly  less t h a n  100  m. The Kekiktuk is 

missinc l o c a l l y  and t h e  Kayak Shzle lies d i r e c t l y  on o lde r  rocks.  

The compositio3 of the  Kekiktuk var ies  considerably from p lace  t o  p l a c e ,  

r e f l e c t i n g  a variety  of local source' areas. Larger elasts are mostly subrounded 



tc rounded chert and quartz, but include at some localities a r g i l l i t e ,  angular  

fragments of q u a r t z ,  and f l a t  s labs  of chert  from t h e  underlying basement, 

Quartz- tourmaline cobbles  and small grains of cassiterite ere common near 

t h e  pre-Mississippian g r a n i t e  i n  the n o r t h e a s t e r n  Brooks Range (Reed, 1968). 

Although geologic mapping cannot demonstrate c o n t i n u i t y  throughout 

no r the rn  Alaska, t he  Kekiktuk has been i d e n t i f i e d  i n  mazy wells n o r t h  of 

t h e  Brooks Range where it rests unconformably on Ordovician and Silurian 

a r g i l l i t e s  (Carter and Laufe ld ,  1975). The Kekiktuk has also been mapped 

i n  the S w e y  Pass and Ambler River quadrangles in the south-central Brooks 

. Range (Nelson and Grybekc, 1979; Mayfield and Tailleur, 19781, where it lies 

unconfomably on rocks as old as Silurian. 

Several collections of f o s s i l  plants from t h e  lower part of the Kekiktuk 

Conglomerate i n  the  n o r t h e a s t e r n  Brooks Range are of E a r l y  Mississippian age 

( S .  H. Mamay, written commun., 1970, 1979). 

Kayak Shale 

The m a r i n e  Kayak Shale onlaps t h e  predominant ly n o m a r i n e  Kanayut Conglom- 

erate. In its type area new S h z i n i n  Lake in the north-central Brooks Ra3ge 

( l o c a l i t y  6 ,  f i g .  3 ) ,  the Kayak is a b u t  300 m t h i c k ,  and consists of a basal 

sandstone member 4 0  m t h i c k ,  a lower b lack  s h a l e  member 160 rn thick, an 

argillaceous limestone m e n b e r  24 m thick, an upper black shale member 40 rn 

t h i c k  and a red l imes tone  member, 5 m t h i c k ,  a t  t h e  top. The three lower 

members are recognized across t h e  e n t i r e  north-central Brooks Range and their  

tbiickness appears t o  be approximztely t h e  same everywhere, a l t hough  t e c t o n i c  

t h i cken ing  and th inn ing  of the  shale  make t h i c k n e s s  measurements difficult. 

I n  the c e n t r a l  Brooks h n g e ,  t h e  sands tone  member consists of t h i n  beds 

of i r r e g u l a r l y  bedded f ine -g ra ined  b i o t o r b a t e d  sandstone with many t race  



fossils, inclu6ing Sko l i thos ,  ~ n d  coa ly  interbeds conta in inc  E a r l y  Miss iss ippian  

p l a n t . f o s s i l s  a t  several l o c a l i t i e s .  The arg ' i l laceous  limestone member contains 

a varied marine assemblage of brachiopods ,  bryozoans, echinoderms, mollusks, and 

ostraeodes of Early Miss i s s ipp ian  ( l a t e  Kinderhookian) age. These fossils 

inc lude  Penetremites,  Platycrinites , f e n e s t r a t e  bryozoans, Rhipidamella, 

Schucher te l la ,  Leptagonia, Ovatia, m a l l  d i c t y o c l o s t i d s ,  U n i s p i r i f e r ,  Composita, 

several kinds  of p e l e c y p d s  and gastropods.  

In the south-central Brooks Range, t h e  Kayak consists of carbonaceous 

b 

p h y l l i t e  interbedded w i t h  minor amounts of yellow and orange-weathering limestone 

t h a t  may represent i t s  lower shale and argillaceous limestone mahers; here t h e  

basal sandstone member appears t o  be  absent  and t h e  total thickness of the Kayak 

about 100 m ,  although it is uncertain because of t e c t o n i c  deformation (Mayfield 

and Tailleur, 1978) .  Brachiopods, corals, conodonts, and foraminifers o f  

Early Mississippian (Kinderhookian and Osagean?) age occur in t h e  limestone 

beds (Mayfield and T a i l l e u r ,  1978; Nelson and Grybeck, 1980). 

The Kayak Shale of t h e  e a s t e r n  Brooks Range i s  m a i n l y  black shale and 

s i l t s t o n e  with f o s s i l i f e r o u s  l imestone i n t e r b e d s  i n  i t s  upper part.  The Kayak 

here i s  g e n e r a l l y  less than 50 m t h i c k ,  thinner t han  elsewhere i n  t h e  Brooks 

Range, although a c c u r a t e  t h i c k n e s s  measurements are complicated by tectonic  

th ickening  and th inning.  Lithastrotionoid corals and othex megafoss i l s  from 

linrestone in t h e  upper part of t h e  Kayak Shale i n  the e a s t e r n  Brooks Range 

i n d i c a t e  an ea r ly  Late Mississ ippian  (Meramecian) age,  equ iva len t  t o  t h e  

middle pzrt of the Lisburne Group of the c e n t r a l  Brooks Range. 

Itkilyariak Formation 

The I t k i l y a r i a k  Formation c o n s i s t s  of in te rbedded  red-weathering lime- 

stone, calcareous s i l t s t o n e ,  gray, shale, thin-bedded quartzite, and minor coal. 



I t  i s  present e i t h e r  l o c a l l y  above t h e  Kekiktuk Conglomerate or directly on 

basement rocks in the northeastern Brooks Range and in the subsurface north of 

t h e  range. It apparently interfingers l a t e r a l l y  with t h e  Kayak Shale. Although 

it crops  o u t  in only a f e w  places in the nor theas t  Brooks Range, the I tk i lyar iak  

has been identified in many wells from Prudhoe Bay westward t o  Topogoruk No. 1 

(Mull and Mangus, 1972). The Itkilyariak, a u t  50 m t h i c k  in its type section 

and as much as 300 m thick in sane wells, contains Mississippian marine fossils 

in its upper part. 

SEDIMENTARY FACIES 

In t roduct ion 

The Kanayut Conglomerate and associated units in the centzal and eastern 

Brooks Range contain a v a r i e t y  of sedimentary facies deposi ted  i n  f luvia l  and 

marine environments (fig . 2 )  . The upper part. of the Hunt Fork Shale records 

shoaling marine conditions as it grades upward into the shallow-marine deposits 

of t he  sandstone m e m b e r  of the Ka,naq?lt Cbnglornerate. The lower shale m a h r  of 

t h e  &nayut records progradation of f luv ia l  sediments over the basal shallow- 

marine sandstone, culminating in deposi t ion  of the  coarser grained fluvial middle 

conglomerate mwhr of the Kanayut. The successively overlying f l u v i a l  Stuver 

Member, basal shallow-marine sandstone of t h e  Kayak Shale, and shale of the 

Kayak Shale record  major retrogradation of the Kanayut depos i t iona l  system (fig. 

2 ) .  Thus, the entire sequence records outbuilding of a major f luvial  system, 

most probably a large d e l t a ,  out into a marine basin during Late Devonian time. 

E a r l i e r  episodes of c l a s t i c  deposition, recorded by conglomerate and sand- 

stone within t h e  Beaucoup Formation m d  lower Hunt Fork Shale, may o r  may n o t  be 

related g e n e t i c a i l y  t o  the Kanay~it onlap-fflap cycle. These depositional events 

lrdy be related t o  more l o c a l  u p l i f t s  and r e s t r i c t e d  sed imen ta t ion ,  but t h e y  are 

n o t  well understood y e t .  



A later, but cer ta in ly  related, episode of coarse elastic sed imenta t ion  i s  

recorded by the Early Mississippian ~ e k i k t u k  bnglomerate .  This episode appears 

to have taken place around the margins of the Kanayut basjn after the  major pro- 

gradat ional-re t rwradat ional  cycle had been completed. Differences i n  c l a s t  

composition and f a c i e s  d i s t r i b u t i o n  suggest ,  i n  a preliminary fashion,  t h a t  

Kekiktuk sedimentation succeeded that of the Kanayut and was restricted to basin 

margins t o  the north, e a s t ,  and south. 

~ e d b n t a r y  f a c i e s  of the Kanayut depositional system have been studied by 

measured sections through t h e  f l u v i a l  members of the Kanayut Conglomerate (see 
., 

f i g .  3 for location of sections) . Four sections were rnqasqed during the 1978 

summer f i e l d  season: (1) 65 h north-northwest of ~rctic Village in the middle 

conglomerate and Stuver members ( f i g .  4 ) ;  ( 2 )  16 )an west of Anaktuvuk Pass in the 

lower shale and middle conglomerate members ( f ig .  5 )  ; ( 3 )  45 lm east-northeast 

of AnaMuvuk Pass  i n  the type section of the Stuver Member on the east s ide  of 

Shainin Lake ( f i g .  6 )  ; and ( 4 )  45 kn west-northwest of Anaktuvuk Pass, on a ridge 

west of m d l e r  Lake, in t h e  middle conglomerate member (fig. 7 ) .  From a sedi- 

mentologic v i e w p i n t ,  outcrops of the Kanayut Conglmerate are generally p r  be- 

cause extensive frost-heaving of resistant blocks of q u m z i t e  and conglomerate 

has produced pi les  of rubble rather than sections amenable t6 detai led sedimentol- 

cqic study.  

Deep-marine facies 

Shale apparently deposited in low-energy and probable deep-marine (at least 

below wave base) s e t t i n g s  forms a major part of the  Hunt Fork Shale and Kayak 

Shale.  These deposits are typica l ly  black- or brown-weathering and unfossilifer- 

ous except for  trace foss i ls .  The shale contains thin turbidite interbeds that  

increase in abundance upward within the ~ u n t  Fork Shale and downward within the 

Kayak Shale. These turb id i tes  l o c a l l y  contain, especially in the H u n t  Fork Shale, 

fossil  debris and sh&e rip-up c l a s t s . '  The .thin-bedded turbidites form graded 



Figure 4.--Measured section of the m i d d l e  conglomerate member and Stuver Member 
of the Kanayut Conglomerate, eastern Brooks Range. See Figure 3 f o r  
locat ion of section.  
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Figure 5 .--Measured sect ion of the lower shale merhr a d  middle conglomerate 
m-r of the Kanayut Conglomerate, cen t r a l  Brooks Range. See 
Figure 3 fo r  locat ion of section. 
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Figure 6.--Measured type s e c t i o n  of the Stuver Member of t h e  Kanayut Conglomer- 
ate at Shainin Lake, central Brooks Range. See Figure 3 fox locat ion 
of section. 
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Figure  7.--Measured section of t he  middle mnglomerate memkr of the Kanayvt 
Conslomerate near Chandler Lake, central  Brooks Range. See F i v e  
3 f o r  location of section. 
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beds, general ly less than 5 an thick, that may contain parallel-stratification 

or small-scale cross-strat i f icat ion;  however, they are commonly structureless 

internally, reflecting vertical settling f r o m  storm-generated overflows or inter- 

flows within t h e  water column rather than bottom-flowing turbidity currents. 

The thin-bedded turbidites have a random v e r t i c a l  d i s t r i b u t i o n  and do not form 

thinning- or thickening-upward megasequences or c y c l e s .  Thicker beds of sand- 

stone, probably of t u r b i d i t e  origin, crop out i n  the "wacke" member of the Hunt 

Fork Shale, but t h e i r  lateral  and vertical distr ibut ion is poorly known because 

of a general lack of good outcrops, 
, . 

Shallow-marine facies i 

Shallow-marine sandstone characterizes the sandstone member a t  the base of 

the Kanayut mnglmerate and the  sandstone member at  the  base of the Kayak Shale. 

These sandstone units are l o c a l l y  fossilifemus, containing assemblages character- 

i s t i c  of s h e l f ,  intertidal, lagoonal, and marginal-marine environments. The sand- 

stone s t r a t a ,  deposited as a variety of depositional b d i e s ,  most typically f o m  

thickening- and coarsening-upward cycles, especially jn the sandstone member of 

the Kanayut Conglomerate. Intertidal deposits form a major component of the basal 

sandstone member of the Kayak Shale. They contain numerous reactivation surfaces, 

£laser kedding, herringbone cross-strata, cross-stratified transverse bars, and 

well-sorted sandstone. 

The characteristic thickening-upward c y c l e s  record p r o g r a d a t i o n  of the  delta 

over nizrine s l a p  and s h e l f  deposits. Although the geometry of these deps i t s  

has not been ascertained, the vertical s e c t i o n s  resemble those  of channel-mouth 

b u s  described f r o m  many modern h l t a s .  The cycles ty?ically contain strata 

that  consist of shale and thinly interbeddez cross-stratified fine-grained sand- 

stone a t  t h e  base, coarser grained sandstone containing thicker sets o f  trough 

cross-strata i n  the middle ,  an6 n-rous e r o s i o n  surfaces a s s o c i a t e d  with me2im- 

to large-scale cross-strata at t h e  top. The cycles are typica l ly  abruptly over la in  



by shale or  s i l t s tone .  

Other b d i e s  of shallow-marine sandstone, characterized throughout by medium- 

t o  large-scale cross-strate that have consistent or ientat ions,  may represent off-  

shore bzrs o r  spits that formed on the margins of the delm. Variable paleo- 

currents generally present within t h e  shallow-marine sandstone bodies r e f l e c t  

currents generated by waves, winds, t i d e s ,  and longshore drift. 

Meandering stream facies 

The lower shale and S t w e r  rnernhrs of t he  Kanayut Conglomerate are inter- 

preted to have been deposited by meanderihg streams on a flood plain. The members 

consist of a series of thinning- and fining-upard cycles similar to those des- 

cribed f-rom rruny modem meandering rivers. Deta i led  analyses of t h e  cycles may 

p s z m i t  future deteminations of t h e  sizes of the rivers, their discharges, and 

temporal or geographical variability of the streams within the depositional basin. 

The cycles characteristiczlly mmence a t  t h e i r  base with erosional trunca- 

t i o n  of underlying shale o r  paleosols by thick beds of conglomerate o r  sandstone. 

me amount of downcutthcj observed varies from a f e w  centimeters to as much as 

5 zu; if seen on a large enough scale, each fluvial cycle probably downcuts approxi- 

mately the  thickness of the individual  cycle,  inasmuch as the cycle is a preserved 

record of filling of t h e  individual river channel. The b s a l  beds typical ly  con- 

sist  of xessive o r  crudely p a r a l l e l - s t r a t i f i e d  conglomerate or conglomeratic sand- 

stone containing abundant rip-up c las t s  of shale, s i l t s t o n e ,  and paleosol xtaterial. 

Overlying the basal conglomeratic beds are parallel-stratified beds of sand- 

stone in' turn werlain by trough-cross-stratified beds of sandstone. Wough ampli- 

tudes gradually decrease upward i n  the cycles concomitantly with decreasing grain 

size of the  sandstone. The t rough axes have variable att i tudes,  b u t  generally 

plunge toward the  southwes t .  These deposi ts  represent f i l l  of the  channel 5y 

transverse and longitudinal bars that migrate downchannel as  t h e  stream channel 



gradually  shifts and migxates laterally by the mea.nder process. 

me upper part of the cycles consists o f  thinly bedded current-ripple-marked 

firie-grained sandstone w i t h  t h i n  shale interbeds. These ripple-marked sandstones 

contain abundant mica, c lay ,  and carbonaceous material. Climbing r i p p l e s  are I 

\ 
locally common in these deposits, as well as plant fossils and root impressions. 

I 

i 
These t h in  beds of snndstone are in t erpre ted  to be levees deposited on the inner 

parts of meander loops by overbanking processes during flood stages. 1 
The uppermost part o f  the  cycles consists of interchannel and floodplain , 

shale and siltstone containing promhent local paleosols. The shale varies f r o m  

reddish brown to black in color, probably depending u p  the amomt of exposure 

to the atmosphere. Red shale probably was deposited chiefly on ,. higher , ground of  

the flood plain and black shale in Iuwer, swampy areas. Many cycles contain red I 
1 

shale direct ly  over t h e  sandy levee facies, succeeded upward by black shale. 

Both red and black shale contain abundant fossil plant debris, much of it -- in situ. 

Mudcracks, raindrop imprints, and features that might represent buxrows but are 

kre likely root c a s t s  from plants are cornon. 

A characteristic feature of the cycles is long  inc l ined  surfaces that cut 

across the vertical sequence. These surfaces are thought to be the original 

inclined surfaces of the inner parts a£ meander loops or point-bax surfaces. 

The point-hr surfaces am recognizable only in well-exposed and wide outcrops, 

but: are especially well displayed in the measured section of the Stuver Member 

north of Arctic Village (fig. 4 ) .  

The lwer  shale member locally contains very t h i c k  sections of reddish-brown 

shale ,  particularly i n  the eastern Brooks m g e .  These deposits may represent 

large n o d p l a i n  areas traversed by few i f  any river channels. In these areas, 

shale depos i ted  by major floods probably accumulated to substantial thichesses. 

Cycles of sandstone not characterized by f in ing-  and thinning-upward trends 



accmulated in parts of the meandering s t r e a m  fac ies .  These b d i e s  of sandstone 

are loially channelized, sometimes form symmetrical ver t i ca l  cycles,  and charac- 

t e r i s t i c a l l y  contain abundvlt rip-up c l a s t s  and f r apen t s  of levee and in te r -  

channel sediments. These deposits may have been formed by crevasse-splays i n  

which channels broke through their levees and deposited sediment into inter- 

channel and floodplain areas, typiczlly during large floods or  when meander loops 

were captured. 

Braided stream fac ies  

The middle conglomrate member of t he  Kanayut mn@lornerate consists of inter- 
L 

hdded  conglomerate and sandstone thought t o  have been deposited by braided 

streams. The characteristic fea ture  of these deposits is the vertical stacking + 

. of fining-upward couplets of conglomerate and sandstone, w i t h  the erosional base 

of each cmglamerate bed truncating t h e  underlying sandstone. I n  some sections, 

conglomerate rests o n .  conglomerate t o  form ahalgamated beds, with sandstone absent 

either as a re su l t  of n ~ n d e ~ p o s i t i o n  or erosion. 

The conglomerate-sandstone couplets are thought t o  represent deposition of 

mirious kinds of bars w i t h i n  a braided stream eon?lex. Sandstone i s  deposited 

on the flanks, tops, and rjownstream edges of gravel bars as th in  but wide lens- 

shaped H i e s  characterized generally by parallel s t r a t i f i c a t i o n ,  low-angle 

trough cmss s t r a t i f i c a t i o n ,  o r  very low-angle inclined tabular cross s t r a t i f i -  

cation. The sandstone probably accumulated during waning stages of flmds and 

on the protected downstreaa rnxgiqs of bars. 

The la rges t  conglomerate e l a s t s  axe found in the middle  conglmerate 

m e h e r .  The conglonerate i s  t > ~ i c e l l y  w e l l  imbricated and cha rac te r i zed  by a closed 

framework. Long axes are o r i e n t e d  parallel to flow and have proven t o  be use- 

ful  pdeocurrent  indicators for t h e  middle conglomerate member. Paleosols, levee 

deposits,  shale,  and sil tstone are ra re ly  present. 

19 



In the  eastern Brooks Ranqe, the braided stream facies of the middle con- 

glomerate member of  the Kanayut mn~lomerate may grade laterally i n t o  d i s t a l  

alluvial fan f ac ies .  However, the  lack of well-defined radial paleocurrent 

patterns and readily recognizable alluvial  fan fac ier  such as debris-flaw depos- 

its permits only speculative inference o f  the existence of fan deposits at present. 

-ST SIZE AND SHAPE 

Clast s i ze  

The maximum dimension of t h e  t en  largest conglomerate c l a s t s  was measured 

a t  each station whem conglomerate was observed in order to ,determhe patterns 

of clast dispersal. The mean size of the t e n  largest c l a s t s  was plotted for 28 

stations in the Kanayut Conglomerate and Kekiktuk Conglomerate ( f i g .  8)  . The 

data are not ge~graphically well &spersed, being concentrated around the villages 

of Arctic Village and Anaktwuk Pass, so that east-west  and north-south changes 
I 

are d i f f i c u l t  to ascertain. In add i t ion ,  at many stations only a portion of the 

e n t i r e  stratigraphic thichess of a member or of the formation w a s  examined, so 

that many p lo t s  represent t h e  mean only for a l i m i t e d  s trat igraphic  thichess of 

the amit .  Nevertheless ,  several useful conclusions can be derived f r o m  t h e  

l imited data. 

The Kanayut anglomerate generally contains larger c l a s t s  h northern and 

eastern outcrops. The middle conglomerate mnhr generally contains the largest 

clzsts and we c o l l e c t e d  more data from it &than f r o m  other msnbers. I h e  north-to- 

south decrease in clast size in the  middle conglomerate member east of Anaktuvuk 

. Pass is readi ly  observed (fig . 8)  . In addition,  t h e  maximum clast size in the 

m i d a e  conglomerate member decreases sharply west of Anaktuvuk Pass. The largest 

mean c last  size for the m i d a e  conglomerate member in the Arctic  Village area 

was note6 in the n o r t h e a s t e r n ~ s t  outcrop. The largest mean clast size in the 
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Figure 8.-Map showing listribution of meam size of ten largest conglomerate 
clasts in the  Kanayut and Kekiktuk Conglomerates. 





lower shale member of the Kanayut m n g l o ~ r a t e  was noted in the southeastern- 

most observed outcrop, strongly suggesting p s s i b l e  derivation of t h i s  conglomer- 

a te  f r o m  the east-southeast. h e  map dis t r ibut ion of max;imm clast s izes  must be 

cautiously interpreted with regard t o  paleogeqraphy because of the presence of 

a t  l e a s t  three major thrust faults within  the outcrop bel t  and t he  l ack  of well- 

defined marker beds for regional  correlation. 

In order  to determine whether clasts of di f ferent  lithology tended t o  

preferentially f a l l  i n to  certab size groups, a total of 327 randomly selected 

clasts was xeasured and counted a t  a well-exposed outcrop of the middle eonglom- 

erate member of the Kanayut briglanerate eas t  of Anaktuvuk Pass ( table  1). The 

data  indicate that chefi pebbles are sxalier, vein  quar tz  pebbles intermediate, 

and quartzite and quartzi te  conglomerate pebbles larger  jn s ize  within the same 

conglomerate. This relat ionship p-mbably r e f l e c t s  in part hardness and durdbil- 

ity of c l a s t s  durGg transport. The s o f t e r  and more eas i ly  chipped and broken 

c h e ~  c l a s t s  probably break down t o  f i ne r  sizes more eas i ly  and rapidly than 

the  hardex and more durable quartzite and quartzite conglomerate clasts, with 

vein w r t z  clas ts  intermediate in breakabili ty.  This r e l a t i o n s h i p  of clast size 

to lithology suggests that finer mnglomerates should be more chert-rich. 

D i s t a l  conglomerates, those tmspor'ced the greatest  distances, should also be 

cher t - r i ch  because the larger =re durable c la s t s  would have been d e p o s i t e d  in 

more p-wximal areas.  However, t h e  o r i g i n a l  s t a t e  of weathering and joint ing of 

the rocks in the source region m y  also have contributed t o  the s ize differences; 

the. chert  clasts i n i t i a l l y  supplied t o  the depositional basin m y  have been 

smaller than quar tz i te  and quar tz i te  conglomerate c l a s t s  because of thinner bed- 

ding, more closely spaced jo in ts ,  a 6  suscept ib i l i ty  t o  physical weatherins. 

Data from the Beaucoup Formation m d  Kekiktuk Conglomerate are inconclu- 

sive. An i n s u f f i c i e n t  nusDber of outcrops of conglomerate from h t h  units were 
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observed t o  discern any general patterns of fining or coa r sen ing  of the  con- 

A related study of maximum clast sizes, but of only vein quartz clasts 

from the Kanayut and ~ e k i k t u k  Conglanerates by Donovan and ~ a i l l e u r  (19751, 

indicates tha t  c l as t s  in the Kanayut decrease in size from north t o  south arid 

that c l a s t  size in t he  Kekiktuk decreased from east t o  west.  

Clast shape 

Detailed i n f o m t i o n  about roundness and sphericity of .var ious  c l a s t  types 

was obtained at a well-expsed conglomerate outcrop of. t h d  middle conglomerate 

membex of the Kanayut Conglomerate a b u t  50 )ap east of ~nakkuvuk Pass (table 1). 

The roundness and sphericity (actually, c i rcular i ty ,  because clasts could not 

be removed f r o m  the  matrix t o  determine their three-dimensional characteris t ics)  

of 50 c las t s  each of black chert, gray chert, vein quartz, quaztzite,  and 

quartzite conglomerate were determined using visual comparative charts of 

lambein and Sloss (1963) . 
The data show that Kanayut c las t s  i n  general are moderately t o  well rounded 

and have a moderate to high c i rcular i ty  when viewed on a bedding surface. How- 

ever, the individual clast types vary considerably in their characteris t ics .  

Chert c las t s  are the l e a s t  well rounded, vein quartz c l a s t s  have intermediate 

values of roundness, and quartzite and quartzite conglomerate clasts have the 

highest roundness values, These roundness values are partly a function of the  

g r e a t e r  tendency of chert t o  chip and splinter during transport than quartzite 

and quar tz i te  conglomerate. Breaking of chert c l as t s  continually produces more 

angular c l a s t s  during transport, whereas t h e  more durable quartzite and w- 
z i t e  conglomerate c l a s t s  t e n d  t o  gradually round without breaking. Vein quartz 

c l a s t s  are intermediate in character, tending t o  break more than the quartzite 



Table 1. Mean size, roundness -and sphericity of various clasts 

in the rnid6.le conglomerate member of the  Kanayut Con- 

glomerate at f i e l d  s t a t i on  B208 in the central  Brooks 

Range. See figure 3 for loca t ion .  

Average Average Average 

c last  length roundness sphericity 

Q a s t  t y p  (in cm) ( 2 5 0  clasts  ( 250  clasts 

(327 clasts total total ) 

total ) 

sack chert  ------- 1.67 5 . 8 2  6 -48 

Gray chert -------- 2 -15 7.02 6.74 

White chert ------ 1.62 - - -- 
vein quartz ------- 2.32 7.40 5.98 

Qua*zite --------- 5 -40 8 -26  6 -94 

eongl anerate. 



and q u a r t z i t e  conglanerate c l a s t s  b u t  less than the chert clasts .  The round- 

ness values a r e  probably also a funct ion  of size, the  larger clasts being better 

rounded; this  r e l a t i on  has been demonstrated i n  numerous studies of modern 

gravel and ancient conglomerate. 

sphericity values are less easy t o  explain, with all clasts having roughly 

similar average values. vein quartz has the  lowest spher ic i ty ,  cher t  an 

intermediate value, and quartzite and quartzite conglomerate the  highest values. 

The tendency o f  cher t  and vein quartz t o  chip and splinter more r e a d i l y  may 

explain their lower values of spher ic i ty ,  b u t  there is not  a su f f i c i en t  spread 

i n  the data t o  subs tan t ia te  t h i s  conclusion. i h 

PETRDGRAPHY 

Conglmer a t e  

The c las t  compositions of conglomerate f r o m  t he  Kanayut Conglomerate, Kekik- 

tuk Conglomerate, and Beaucoup Formation were determined by counting in the 

f i e l d .  Thirty-eight pebble counts of one hundred randomly se lected c l a s t s  

l a rger  than 1 centimeter in diameter were made a t  29 separate loca t ions  (table 

2 ) .  Five counts were made from t h e  Beaucoup Formation, 4 from t h e  Kekiktuk 

Conglomerate, and 5,  19 and 5 from the  lower shale, middle conglomerate, and 

Stuver rnembers,respectively, of the &ayut Conglomerate. The size of t h e  

longest  a x i s  of t h e  l a r g e s t  c l a s t  f r o m  each pebble count was a l s o  noted. 

The conglomerates, in general ,  are  characterized by s high cher t  content 

and lesser amounts of quartz and q u a r t z i t e .  They are compositionally very 

mature, as indicated by a p l o t  of the  data on a ternary diagran with quartzose, 

nonquartzose c l a s t i c ,  and carbonate c l a s t s  a s  poles (fig. 9 A ) .  This diagram, 

designed t o  d i sp lay  compositional maturi ty,  visual ly  shows that a l l  of the 

mnglornerates contain mre than 75 _percent chert + vein quartz + quar tz i te  and 

only one sample (from the Beaucoup b on nation) contains l e s s  than 90 percent of 

these  consti tuen' ts .  Thus, the k a y u t ,  . ~ e k i k t u k  and Beaucoup conglanerates 
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Figure 9.--Ternary diagrams showing clast content f r o m  pebble counts of the 
Kanayut Conglomerate, Kekiktuk Cbnglomerate, and conglomerate from 
the Beaucoup Formation. A,  Mature clast (cher t ,  vein quartz and 
q u a r t z i t e ) - - h t u r e  c l a s t  (argi l l i te ,  s i l t s tone ,  and sandstone)-- 
carbnate clast  p lo t .  B, W t z i t e - v e i n  quartz--chert plot, 
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Trble 2 .  --Maxbm clast size and prcentage of each =last type from pbble  
C O U I l t S  of the Kanayut Conglomerate, &aucoup Formation, and i(ekiktuk 
Conglomerate. 



Table 2.--M&xtmum c l r s t  s ize  and perctnt rgc  of tach  c l r r t  l i t h o l o p  frm 
pebble counts of t k  Kanbyut C m g l m t c r r t e .  Btrucoup Fornatlon, ~ n d  the K t k l t t u t  Conglmerrtt 

F i e l d  White 6 r r y  Black Red 6 r e t n  V t l n  Quart-  g 1 1  Cbr- 
cher t  chert chert chert cher t  quartz z l t e  litr bonate c"stiL 

78 &Be 10 
78 ABt 42 
7E ABc rc  
78 ASr I ?  
78 ABt 08 
78 A E t  58 

78 ABt 110 
78 ABe IlH 
78 STU 
70 STU 
78 STU 

78 ABe 31 
78 ABt MA 
78 ABt 35 
78 A&t 46 
76 A E t  A6 
78 A B ~  111 
78 AEc 111 
78 CHA 
78 CHA 
78 ABt 202 
78 ABr 202 
78 ABt 203 
78 A6e 205 
70 ABe to@ 
7E A6e 21! 
73 A b t  216 

I i K r n r y u t  C m g l m t r ~ t t ,  1-r s h a l t  Mmbcr 

78 ARR 14 
78 ABt  33 
78 ABt  34A 
7B A B t  36 
78 ABe 45 
78 A B t  207 

78 ABt 7 1 
78 ABt B B 
78 ABt BB 8 
78 ABe 18 13 
7e AaR 16 10 



are compositionally very mature. This maturity can result from a composi- 

tionally mature pruvenance, extensive chemical weathering, or extreme physicdl 

abrasion during transport. 

To discern compositional differences between the stratigraphic units, 

data were plotted on a ternaqdiagram with vein quartz, chert, and quartzite  

as the poles (fig. 9B). Pebble counts from the Kanayut Conglomerate and Beau- 

coup Formation cluster near the chert pole and contain minor amounts of vein 

quartz and quartzite. In contrast, those from the KekiMuk Conglomerate are 

richer  in vein quartz and depleted in chert clasts; they p b t  in the middle 

part of the quartz-chert join and define a separate f ie ld  f r o m  that of the 

Kanayut and Beaucoup conglomerates. This distilletion suggests either different 

provenances or different weathering and abrasion histories.  

When the abundance of each clast type i s  plotted against the maximum clast 

. size (as a measure of coarseness of the conglomerate), the enrichment of 

Kekiktuk conglomerate in vein quartz and i t s  depletion in chert relative to 

Kanayut and Beaucoup conglomerates is readily apparent, although the different 

f ie lds  overlap s l i g h t l y  at t h e i r  extreme ends ( f ig s .  lOA,B). The percentage 

of chert and quartz In the KekiMuk is also more,variable, with both clast types 

ranging in abundance f r o m  20 to 80 percent. &spite the lack of pebble counts 

from the coarser beds of the Kekiktuk Conglomerate, the data suggest that, at 

least  with respect t o  chert and win quartz clasts, sorting of clasts by compo- 

s i t i o n  has been less e f f i c i en t  in the Kekiktuk Conglomerate. 

In contrast, clast abundmees in the Kanayut Conglomerate exhibit a r e p l a x  

relationship with c las t  s i z e .  The percentage of vein quartz and w z i t e  

c las t s  increases with increasinq clast s i ze ,  whereas the abundance of chert 

decreases proportionately wi-th increasing cla st size . In t h e  Beaucoup b or mat ion, 
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Figure 10.--Plots of maximum clast size  versus percentage of clast l i tho logy  
from pebble counts of the Kanayut Conglomerate, Kekiktuk Conglom- 
erate,  and conglomerate f r o m  t h e  Beaucoup Formation. A, vein 
quartz. B, chert. C, quartzite.  
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however, chert abundance appears to increase with increasing clast size be- 

cause t h e r e  i s  a sl ightly larger percentage of a r g i l l i t e  and carbonate c l a s t s  

in the finer conglomerate. The same sor t ing  process therefore operates in 

the Beaucoup Formation, except that sof ter  carbnate  and axgillite clasts are 

concentrated in finer conglomerate relative t o  c h e e r  which predominates in 

t h e  coarser conglomerate. 

Pebble counts from the  different f l u v h l  members of the Kanayut Conglcrmer- 

ate have also been plotted on pebble-type abundance vs. maximum c l a s t  s ize  

diagrams (figs. 11A,B,C). Although the cong1omerates:of the Kanayut Conglomer- .. I .  

ate are eledrly similar compositionally, these diagrams demonstrate that, for 

conglomerates w i t h  the same clast size, the middle conglamerate m e m b e r  i s  gen- 

erally enriched s l igh t ly  h vein quartz and quartzite and depleted in chert 

re la t ive  t o  the lower shale member and Stuver Member. Sorting of clast types 

according to coarseness of the conglomerate, as discussed &me, cannot explais 

this relationship.  Instead, these data show that  the middle conglomerate member 

i s  compositionally more mature than the upper and lower m r s .  

The pebble count data were a lso  plotted geographically i n  order t o  a i d  in 

determination of sediment dispersal patterns. Although distribution maps for 

each pebble type were plot ted for each formation and member, no significant 

compositional trends were detected. Conglomerate of such high compositional 

maturity pkbably has variat ions in c l a s t  abundance of only 10-15 p e r c e n t  or 

l e s s ,  and these variations were n o t  apparently significant. The scarc i ty  of 

pebble count data from units other than the  middle member of the Kanayut and a 

geographic cluster ing of sampled l o c a l i t i e s  north of Arctic Village and near 

Anaktuvuk Pass further limited interpretation of the data. 

Thin sections of 37 sandstone samples of t h e  Kanayut Conglomerate and 



Figure  11.--Plots of m a x h m  clas t  size versus percentage of clast l i thology 
frcm pebble c o n t s  of the lower shale.  middle  conglomerate ahd 
Stuver Members of the Kanayut Conglomerate, A. V e i n  quartz. 
B. C h e r t .  C. Quartzite. 
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Kayak Shale were examined for con-psit ional and textural re la t ions .  All  of 

the studied samples are from the measured sections 16 km west of Anaktuvuk pass 

and a t  Shainin Lake ( f igs .  5 and 6) .  The sandstone compositions were determined 

by visual es t ima t ion  of the c o n s t i t u e n t  grain types, using terminology of 

Dickhson  (1970) , 

The sands tone  samples are composed mainly of chert and quartz with subor- 

dinate amounts of a r g i l l i t e ,  granitic and/or gneiss ic ,  quartz and w r t z i t e  

rock fragments (table 3). Feldspar is generally absent or present only in 

small quantities. Minor constituents include quaxtzlaiea tectonite (metamor- 

phic) rock fragments, biotite, muscovite, opaque iron minerals, tourmaline, and 

n r e l y ,  volcanic rock fragments. Heavy minerals were not separated or studied 

in  d e t a i l  . 
Samples of  medium-grained sandstone p l o t  very near t h e  Qm + @ pole On an 

(Qn + &)--F--R diagram, illustrating the compositional maturity of  the sand- 

s tone  of the Kanayut ( f i g .  12A). On a W--P--(R + @) diagram, t h e  data are 

displaced toward t h e  rock-fragment _mle f r o m  the midpoint of t h e  Qm - (R + Qp) 

j o i n ,  showing that the sandstone i s  rich in =ck framents, primarily chert 

( f i g .  12B). These t w o  diagrams suggest that there is  l i t t l e  compositional d i f -  

ference among fluvial sandstone of t h e  lower shale, middle conglomerate, and 

Stuver Members of the K a n a p t  ~ n g l o m e r a t e ,  although 6ata from the  lower shale 

member are minimal. 

The framework is t i g h t l y  compacted and m y  samples have a fabric defined 

b y  p a r a l l e l  o r ien ta t ion  of elongate grains. b s t  quartz grains are fractured 

and -wlygonizeZ, insicatin5 extensive p o s t d e p s i t i o n s l  deformation. 

The cement i s  dominated by overqrowkhs of s i l i c a  on quartz grains and 

generally l e s s  abundant but r e l e t i ve ly  coarse phyllosilicates which have grown 

i n t e r s t i t i a l l y .  Other cement L-,cludes loca l  authigenic hematite as p i k i l i t o p i c  

28 



, . 
Figure 12 . --Ternary diagrams showing sandstone composition f m m  thin-section 

estimates of medium-grain sandstone of the, lower s h a l e ,  middle con- 
glomerate and S t w e s  members of the Kanayut mnglomerate. A, p l y -  
crystalline and monocrystalline quartz (vein quartz, cher t  and 
quartzitel-feldspar-lithic fragment plot. B, monocrystalline 
quartz (vein quartz ) -feldspar -1ithic fragment and p l y  crystalline 
quartz (chert and p r t z i t e )  plot. Only plots of medium-grained 
sandstone are shown. 

Symbols : D --Stuver ember; 0 --Middle conglomerate rrrember; 
A - - U w e r  shale member. 
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Table 3.--List of thin-section estimates of sandstone composition of the lower . , 
shale, middle  conglomerate, and Stuver Members of t h e  Kanayut Con- 
glomerate and the basal sandstone of t h e  Kayak Shale.  
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gra ins  and l en t icu lax  concretions up to 1 cm in l e n g t h ,  and calcite, which has 

partly replaced d e t r i t a l  grains and s i l ica  cement in several samples. The com- 

bination of good s o r t i n g  and l i t t l e  primary matrix shows t h a t  the sandstone i s  

texturally mature. 

me measured porosities- of seven samples from the sandstone member of the 

Kanayut ranged f r o m  1.3 percent to 6 . 5  percent and averaged 3.2 percent. per- 

meability of these rocks ranged f r o m  .002 md to 0.17 rnd.and averaged 0.006 md. 

Sandstone of the  Kanayut mnglomerate was probably derived mainly from a 

recycled sedimentary provenance, as suggested by the textural and compositic~nal 

maturity. Subordinate volcanic and mtamoqhic lithic: fragmnts, however, 

suggest t h a t  volcanic and metamorphic terranes provided scnne detritus to the 
. , 

Kanayut Conglmerate . 

The conglomerate and sandstone compositional data, which indicate mughly 

equivalent abundances of the same suite of clasts  and sand grains, argue against 

importczurt di f ferences  in t h e  provenance .of the various formations and members. 

Differences such as  the higher abundance of vein quartz in the Kekiktuk Conglom- 

erate and the s l ight ly  hi&= compositional mturztqr of t h e  giddle con5lomerate 

member relative to the lower shale  member end Stuver bkmhr of the K a n a p t  Con- 

glomerate are minor and t h e i r  distinction requires very careful e m i n a t i o n  of 

grain and pebble abundances . 
The sandstone and concjloIrterate data show that the various units  are C a p -  

sitionally very mture .  The presence of inmature grains and clasts of argi l -  

lite, carbonate, volcahic rock fraqments and micas suggests that mechanical 

and weathering processes are no t  t h e  primary cause of t h i s  maturity; rather, 

the maturity probably was i nhe r i t ed  f r o m  t h e  source rocks. However, much of 

the compositional variat ion between the d i f ferent  sandstones and conqloraerates 



Figure  13. PaLeocurrent map t o r  the Kanayut Conglomerate in the central 
and eastern Brooks Range. 





can be ascribed to e i t h e x  weathering or abrasion effects. The s l i g h t l y  lower 

compositional maturity of Kekiktuk m n g l m e r a t e s  may be explained by closer 

proximity t o  source area, y i e l d i n g  less mechanical reworking and degradation 

of the less  durable c lasts .  The s l i g h t l y  higher compositional maturity of t he  

middle conglomerate member of t h e  Kanayut bnglomerate may r e f l e c t  g r e a t e r  

mechanical reworkhg from t ranspor t  of clasts . 
The predomhance of chert, quartz,  quartzite and argi l l i te  clasts and 

suggests t h a t  the provenance of these kvonian-Mississippian strata is 

mainly a sedimentary terrane.  The good sorting and subrounding of sand grains 

and near-absence of feldspar in all un i t s  suppart t h i s  interpretation and argue 

that the source t e r r a n e  i t s e l f  consisted of sedimentary rocks. The presence 

of p h y l l i t i c ,  g n e i s s i c  and micaceous tec toni te  roek fragments in t h e  sandstones 

sugges ts  t h a t  the sedimentary provenance may have been p a r t l y  metamorphosed. 

f Scarce volcanic roek fragments and l o c a l l y  abundant caxbnate  clasts suggest 

t h a t  these rock types were a l s o  exposed i n  tne source a r e a ,  a t  least in smal l  

q u a n t i t i e s .  

PPLEO-FNTS 

A t o t a l  of 166 paleocurrent measurements were made a t  35 l o c a t i o n s ;  158 

from conglomerate and sandstone of the  f l u v i a l  lower s h a l e ,  middle conglomer- 

ate, a d  Stwer members of t h e  Kanayut Conglomerate ( f i g .  1 3 )  and e ight  f r o m  

the Kayak Shale. Sedimentary features  measured included conglomerate clast 

long-axis  o r i e n t a t i o n  (96 de te rmina t ions ) ,  medium-scale tabular and cross- 

strata (57 determinations)  , primary current l i n e a t i o n  ( 7  determinations) , 

r i pp le  markings (5 determinations) and pebble trains (1 de te rmina t ion) .  

Restora t ions  of paLeocurrent directions t o  t h e  h o r i z o n b l  w e r e  done m u d l y  

on a stereonet.  Computer-calculated vector means and standard deviations were 

determined for seven l o c a t i o n s  a t  which more than four paleocurrent measurements 

3 1 



F i w e  14. Smumxy rose diagram for 166 paleocuxrent measurements from the 
Kanayut Conglomerate in the  central and eastern Brooks Range. 
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were made and also f o r  the t o t a l  number of Kanayut paleocuxrent measurements. 

~ i d i ~ e e t i d n a l  features such as primary c u r r e n t  l i n e a t i o n  wexe assigned a wester ly  i 
o r  sou the r ly  sense because of t h e  preponderance of undirectional i n d i c a t o r s  with that 

I 

o r i e n t a t i o n .  Measurements were analyzed without  regard t o  stratigraphic posi- 

t i o n  within t h e  Kanapt  bqg lomera te .  

Figure 14  sunnnarizes by rose diagram a l l  pa leocurrents  f r o m  t h e  Kanayut 

Conglanerate. Undirect ional  i n d i c a t o r s  show a southwest t ranspar t  of sediment 

and b i d i r e c t i o n a l  indicators ( those  g iv ing sense of transport only) a west t o  

southwest transport. The azimuthal vector mean and 6 t M d a r d  deviation of a l l  
b h 

measwerents from t h e  Kanayut is 258 - + 4 5 9 .  Vector  mekns and standard devia- 

tions for locations having more +h f o a r  measurements range from 248 2 Uo to 

278 - + 1 2 O ,  showing that the data are consistent between l oca t ions .  TWO 

measurements of trough c r o s s - s t r a t a  from the marine sandstone member of the 

Kanay~t  Conglomerate indicate sediment transport d i r e c t i o n s  of 337" and 360". 

These data indicate that f luvial  sediment transport of the Kanayut Con- 

glomerate was toward the west or west-southwest. mnovan and lkilleur (1975) 

previously detenzined southerly e i r e c t i o n s  of t r a n s - p r t  fo r  the Kanayut Con- 

glomerate. 

Five scattered pa leocur ren t s  measured from cross-s t ra ta  in t h e  Kekiktuk 

Conglomerate in t h e  northeastern Brooks Range indicate sediment txanspo* rang- 

ing f r o m  191° t o  300°, with a mean of 2 4 3 " .  This d i r e c t i o n  i s  similar t o  that  

of t h e  Kznayut Conglomerate, but i s  probably not significant statistically. 

Tkree paleocurrents measured from current r i p p l e  markings in t h e  shallow- 

m a r h e  or  intertidal lower sandstone of t h e  Kayak Shale near Chandler Lake indi-  

cate southeastward sediment transport. The mean di rec t ion  is 163O and range 

1 4 2 "  - 17e0, but t h i s  amount of d a t a  i s  not  s t a t i s t i c a l l y  s i g n i f i c a n t .  



PALEOGEOGWHY AND TECTONICS 

The Kanayut Conglomerate and related rocks reflect  westward and gouthwest- 

ward growth of a prograding d e l t a  l a t e  Late Devonian time. A reasonable 

p a r t i a l  source of c l a s t s  of t h e  Kanayut i s  t h e  Precambrian and lower Paleozoic 

t e r r a n e  exposed in the cores of the large a n t i c l i n o r i a  of the nor theas tern  

Brooks Range and B r i t i s h  Mountains. The main clast types can be matched with 

rocks found in these a n t i c l i n o r i a .  Several s i l i c e o u s  and c h e r t y  pre-Carboni- 

ferous forraations could have provided the abundant chert in conglomerates of the 

severa l  members of t h e  Kanayut (Reiser and o t h e r s ,  1978).  Quartz clasts could 

have been derived from the  Neruokpuk Formation, t h e  lkvonian and Ordovician 

gxanites of the fwnanzof Mountains, t he  early ~ a l e o z o i c  g r a n i t e s  of t h e  Table 

muntain and 03leen quadrangles and the  nor thern  W o n ,  a d  the ubiquitous 

quartz veins that axe found throughout pre-Carboniferous terranes. Quartzite 

c l a s t s  could have been derived f r o m  Cambrian sandstone units o r  Precambrian 

and lower Paleozoic quartzites. Red and green a r g i l l i t e  c l a s t s  could  have h e n  

derived from t h e  Cambrian and Ordovician chert  and p h y l l i t e ,  Precambrian argi l -  

lite and l imestone ,  and similar r e d  and green argillite of uncertain pre-Carbon- 

i f e r o u s  age. Several s c h i s t o s e  units, inc luding the Neruokpuk Formation, could 

have been t he  source of the miiior anmusits of s c h i s t  in the conglomerates. 

m y  stratigraphic sections can be used t o  demonstrate the general nature 

of the offlap-onlap cycle that  was i n i t i a t e d  early in Late Bvonian t h e .  The 

cycle c u l m h a t e d  in the exkension of t h e  Kanayut d e l t a  a t  least  as far w e s t -  

ward as the longi tude  of Howard Pass and ended with onlap of t h e  marine Kayak 

Shale i n  the  early C a r h n i f e r o u s .  

Shallow-marine strata of the Beaueoup Formation, including basal conglomer- 

a t e  and reef l imestone ,  unconf ormzbly o v e r l i e  Middle Devonian and Silurian 

rocks and grade upward into- t h e  deeper mrine Hunt Fork Shale. The wacke m e m b e r  

of the Hunt Pork Shale reflects shallowing marine cond i t ions  and prodelta sedi -  



figure 15.--Paleogeogeaphic sketch map of the d e l t a  comprising the Kanayvt 
I i 

Conglomerate at the time of maximva Late Lewnian progradation 
and before later t e c ton i c  dislocations. Location of the delta 
with respect to present geography is correct only fo r  the ex- 
p s e d  southern h a l f .  B, Barrow;  AP, A n a k t u d  Pars; AV, Arctic 
Vil lage:  FYI Fort Yukon; K, Kotzebue. 





mentation. It grades upard  and laterally into marine sandstone of the sandstone 

member of the Kanayut Conglomerate. ThiS  sandstone was probably d e p s i t e d  as a 

complex of river mouth and offshore bars. The three main members of the  Kanayut 

comprise a symmetrical nonmarine cycle with the lower shale and Stuver members 

reflecting meandering stream -conditions and the middle conglomerate rember braided 

stream and possibly a l luv ia l  fan conditions.  The inferred paleogeography for the  

deltaic complex, dl though difficult to represent because only its central, south- 

em and western portions are preserved in  outcrop, i s  shown on figure 15. 

Published speculative plate-tectonic reconstructidis the delta of the 

Kanayut conglomerate much farther n o r t h  than its present position. Tajrlleur's 

(1969a, 1969b) hypothesis infers a post-Mississippian counterclockwise rotat ion ' ' 

of northern Alaska away f r o m  the Canadian Arctic Islands about a pole of rotation 

located near the modern Mackenzie de l ta .  In this model, t he  Upper Devonian 

Kanayut delta would display northward transport f r o m  a northeast-trending axial 

highland now represented in part by the Barrow Arch. Dutro (in press) has alter- 

n a t i v e l y  suggested that northern Alaska has hen displaced laterally f r o m  the 

eastern Arctic, w i t h  the  Fenno-Scandian shield the ultimate source for the Kanapt 

delta. This reconstruction places northern Alaska in an easly Paleozoic fold- 

belt  t ha t  includes Novaya Zemlya, Spitsbergen and northeast Greenland. Other 

hypotheses are certainly possible, but much more evidence from the Arctic Basin 

itself i s  needed before a coherent paleotectonic story can be written. 

SUMMARY 

Regional geologic mapping shows that  the Upper Pevonian Kanayut Osnglomerate 

consists of a basal marine sandstone member and three successive f luvial  members. 

I t  presently crops out over a distance of at least 450 km along strike and about 

50 km across strike in a t  least  three major th rus t  plates. Detailed studies were 



m d e  of the Kanayut in the  eastern part of this belt near Arctic Village and in 

the western part near Anaktuvuk Pass in order t o  describe and define these 

members. 

Sedimentary features suggest that the marine hsa l  sandstone member was 

probably deposited as channel mouth bars and offshore bars and s p i t s .  The over- 

lying lower shale member i s  inferre6 to have been deposited by meandering streams 

over a large floodplain area. The middle conglomerate member, which contains 

the  coarsest conglomerate and l i t t l e  or  no shale, was probb ly  deposited by 

braided streams, and in the northeast possibly as a l luv ia l  fans. The uppermost 

Stuver Member i s  inferred t o  have been deposited by meandering streams. It is 

overlain by i n t e r t i d a l  and shallowmarine sandstone of the lower part of the 

Kayak Shale.  

The orientat ions of crossbe8s, current lineations, r i pp l e  marks and long 

axes of pebbles in the three f luv ia l  members of the Kanayut consistently indicate 

current transport toward the west and southwest in the two areas that wure 

studied. The c l a s t  size of the conglomerate, as indicated by the mean s ize of 

the la rges t  pebbles, decreases westward and southward in the area near Anaktuvuk 

Pass. In t h e  area near Arctic Village the c l a s t  s ize  a lso  decreases generally 

westward. However, no pers i s ten t  decrease i n  c l a s t  s ize across the whole region 

f r o m  east  t o  west i s  indicated, because no data were c o l l e c t e d  from t he  c e n t r d  

half of the region and because the area of largest  known clasts (up to 18 an) i s  

in the western study area near Anaktuvuk Pass. Ad&itional data w i l l  be required 

to more c l ea r ly  define regional f k i n g  t r ends .  

The composition of the large clasts in the'Kanayut mnglornerate varies 

little from place t o  place or  member to menber. In most of the conglomerates 

e a e d ,  abut 80-95 percent  of the  pebbles are chert, about 5-15 percent quartz, 

and 1-5 percent quartzi te .  Pebbles of  a r g i l l i t e  and other r o c k  fragments are 
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rare. with increasing pebble size, the percentage of quartz and quartzite peb- 

b l e s  increases and chert decreases. Die rniddle'conglomerate member not only con- 

tains the coarsest conglomerate but also contains slightly more quartz a t  each 

size grade thm do the two  other  f luv ia l  members. 

The pebbles in the Kanayut are moderate- t o  well-rounded and have moderate 

to high spericity, The quartzite pebbles have the highest roundness and spheri- 

city and chert pebbles the lowest roundness. 

The sandstone in the f l u v i a l  members of the Kanayut i s  well-sorted and is  

corn-msed mostly of subrounded grains that have been tigh,tly,.cbmpa~ted, aligned 

h k 

and fractured. The c a p o s i t i o n  ranges from 25-75 percent quartz, 5-55 percent 

chert ,  7-31 percent mica and rock fragments, and 0-8 percent feldspar. Sandstone 

samples froxu the three f l w i a l  members differ l i t t l e  in romposition, although the 

highest percentages of feldspar and mica are present in the lower shale and 

Stuver m a s .  

C m e n t  and m a t r i x  i n  t h i n  section comonly form 15-29 percent of the 

rock and cons i s t  mostly of s i l i c a  overgrowths with  lesser anmunts of recrystd- 

lized phyllosilicates and minor amounts of authigenic hematite, Calci te  has 

partly replaced de tr i ta l  grains and sil ica cement in several samples. 

The Kgkiktuk Conglomerate, in a few places examined, contains a s i g n i f i -  

cantly greater percentage of quartz pebbles than the Kanayut Conglomerate. It 

also conta ins  highly variable proportims of quartz and che r t ,  ranging from 21-77 

percent quartz and 21-79 percent chert. 

The facies sequence in the Hunt Fark Shale and Kanayut Conglomerate suggests 

.. that  the Kanayut comprises the marginal marine and f luvial  parts of a prograding 

d e l t a  system. The consis tent  westward and southwestward direct ion of paleocur- 

rents in the  f l u v i a l  deposits, together with t h e  southwestward decrease of grain 

size in the western part of these deposits, may imply an eastern or northeastern 



source. Judging frcm the  abundance of chert ,  quartz and quartzite clasts in 

the Kanayut, the source terrane was probably composed mostly of slightly metamor- 

phosed sedimentary rocks. The h igh  roundness and spher ic i ty  of t h e  clasts and 

their compositional maturity indicate that t h e  source terrane may also have in- 

cluded older conglomerates,  from which t h e  Kanayut clasts were recycled. 

A reasonable source area for a t  least part of t h e  Kanayut CDnglomerate i s  

t h e  terrane of Precambrian and lower Paleozoic rocks now exposed in the Brooks 

Range and Bri t i sh  Mountains t o  the n o r t h e a s t  of t h e  Kanayut outcrop. This source 

muld be equally consistent with the co-mter-clockwise ro ta t ion  of northern 

Alaska envisioned in t h e  reconstruction of m i l l e u  (1969a, b) or t he  westward 

t m s l a t i o n  by lateral faul t ing of northern Alaska and Yukm proposed by D u t r o  

(in press) . 
The mwer Mississippian Kekiktuk bnglcrmerate seems to have been derived 

from local sources. on t h e  periphery of t h e  area presently underlain by the 

Kanayut Conglomerate. Local sources are indicated by b t h  the extremely variable 

r a t i o  of quartz t o  chert c l a s t s  and by a f e w  occurrences of identifiable fragments 

of local b s a e n t  rocks in the  conglanerate, The stratigraphic and paleogeo- 

graphic r e l a t ions  between the Kanayut and Kekiktuk Conglomerates are not clear 

yet because t h e i r  outcmp areas are m u t u a l l y  exclusive, and the Kanayut is wholly 

a l loch thonous ,  t h e  KekiMuk generally autochthonous. 
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