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Revised age and s t r u c t u r a l  i n t e r p r e t a t i o n s  of t h e  Nuka Formation 

a t  Nuka Ridge, northwestern Alaska 

By I. L. T a i l l e u r ,  B .  L .  Marnet, and J.  T .  Dutro,  J r .  

Abst rac t  

New c o l l e c t i o n s  of fo ramin i f e r s  and macrofoss i l s  from Nuka Ridge, 

the  t ype  a r e a  of t h e  enigmatic Nuka Formation, demonstrate t h a t  the  t ype  

Nuka Formation con ta ins  a t  l e a s t  two, and probably s e v e r a l ,  t h r u s t  shee t s  

ins tead of a  s i n g l e  continuous s t r a t i g r a p h i c  sequence a s  o r i g i n a l l y  descr ibed.  

Pa l eon to log ica l  evidence i n d i c a t e s  t h e  presence of a thrus t - repeated  

sequence a t  Nuka Ridge cons i s t i ng  of Upper Miss iss ippian  (Meramec and 

younger) s t r a t a  ove r l a in  by Permian beds which, i n  t u r n ,  a r e  succeeded by 

T r i a s s i c ( ? )  and Cretaceous rocks .  Miss iss ippian  ca lcareous  mudstone and 

l imestone  u n i t s  a r e  co r r e l a t ed  with t h e  Lisburne Group; microcline-bearing 

arkose  u n i t s  w i th  Permian macrofoss i l s  and mic ro fos s i l s  r ep re sen t  t h e  Nuka 

Formation; u n i t s  of che r t  a r e  i n fe r r ed  t o  be of Permian and T r i a s s i c  age;  

and wacke a t  t h e  top  of t h e  sequence resembles unnamed wacke assigned t o  

t h e  Cretaceous elsewhere 

These new d a t a  and t h e i r  i n t e r p r e t a t i o n s  i n d i c a t e  t h a t  t h e  type s e c t i o n  

of t h e  Nuka Formation is  inadequate.  The s tandard  f o r  t h e  Nuka Formation is  

t h e r e f o r e  r e f e r r e d  t o  a  newly measured s e c t i o n  of t h e  middle a rkos i c  u n i t  of 

t h e  o l d  s e c t i o n ,  and i s  considered t o  be Late  H i s s i s s ipp ian  and Pernian  i n  

age .  

In  1963, t h e  sequence of s t r a t a  exposed on Nuka Ridge a t  t h e  no r th  

edge of t h e  e a s t e r n  De Long hlountains was e s t ab l i shed  a s  t h e  t ype  s e c t i o n  

f o r  t h e  Nuka Formation (Ta i l l eu r  and Sable,  1963), a  map u n i t  i n  nor thern  

Alaska d i s t i ngu i shed  by a rkos i c  rocks  and extending from t h e  west coas t  t o  

t h e  Anaktuvuk River i n  t h e  c e n t r a l  f o o t h i l l s .  The 6,500-foot s e c t i o n  a t  

Nuka Ridge was subdivided i n t o  13 inembers on t h e  bases  of rock  type and 

s t r a t i g r a p h i c  success ion (Column I, Fig.  1 ) .  Analysis of f o s s i l s  a v a i l a b l e  

a t  t h a t  time indica ted  a  Late  Miss iss ippian  age f o r  t h e  lower p a r t  (Gordon, 

1957) and a Permian age f o r  t h e  upper p a r t .  The base of member mwas 

considered t o  be approximately t he  base of t h e  Permian. 

Addi t ional  work by seve ra l  o i l  companies and t h e  U.S. Geological  

Survey dur ing t h e  pas t  10  yea r s  and r ecen t  mic ro fos s i l  a n a l y s i s  by Mamet 

d i sc losed  seve ra l  age anomalies t h a t  implied s t r u c t u r a l  complications i n  

t h e  sequence under ly ing Nuka Ridge. To he lp  r e so lve  some of t hese  

anomalies i n  a  s t r a t i g r a p h i c  u n i t  important i n  eva lua t ing  t h e  petroleum 

p o t e n t i a l  of t h e  region,  sys temat ic  sampling and reexamination of t h e  

rocks  a t  t h e  southeas t  end of Nuka Ridge were undertaken i n  1971 .  

Conoco-Sun and Socal-Mobil companies provided he l i cop te r  t r a n s p o r t a t  ion .  

T a i l l e u r ,  a s s i s t e d  by J .  R. LaVolpa, r e s tud ied  t h e  type s e c t i o n  and two 

o the r  s ec t ions  i n  t h e  f i e l d .  llamet analyzed dozens of th in-sec t ioned 

samples f o r  mic ro fos s i l s .  Dutro i d e n t i f i e d  t h e  macrofoss i l s  from 40 new 

c o l l e c t i o n s  made from i n t e r v a l s  t h a t  had been poorly known p rev ious ly ,  

and he reevaluated  t h e  c o l l e c t i o n s  made e a r l i e r .  

These new analyses  i n d i c a t e  t h a t  t h e  sequence is  no t  a  s i n p l e  

s t r a t i g r a p h i c  success ion a s  had been i n t e r p r e t e d .  Rocks wi th  a  La te  

Miss iss ippian  fauna a r e  s t r u c t u r a l l y  repeated  a t  l e a s t  twice .  Xacro- and 



micro fos s i l  de terminat ions  i n d i c a t e  both  t h a t  t h e  a rkos i c  subdivis ions  

a r e  p a r t l y  Permian and p a r t l y  Miss iss ippian  i n  age and t h a t  they a r e  a l s o  

s t r u c t u r a l l y  repeated .  Pre l iminary  r e s u l t s  of t h i s  new work show t h a t  

add i t i ona l  study is  needed because b i o s t r a t i g r a p h i c  and physica l -  

s t r a t i g r a p h i c  d a t a  do no t  completely agree .  

A genera l ized  map of Nuka Ridge (Pig.  2) shows t h e  a r e a l  d i s t r i b u t i o n  

of t h e  rocks and t h e  i n d i c a t e d  s t r u c t u r a l  and depos i t i ona l  d iscordances  i n  

t h e  type a rea  of t h e  Nuka Formation. 

Faunal data.--  New and r ev i sed  f auna l  d a t a  a r e  shown on Column 11, 

Figure  1. Members f, h, 1 and 2 a r e  of Late  Miss iss ippian  age  (almost a l l  

middle o r  upper Meramec c o r r e l a t i v e s )  and a r e  assigned t o  fo ramin i f e ra1  

zone 14 ( l a t e  ~ i s g a n )  by Mamet ( s e e  Armstrong and o t h e r s ,  1970).  

Members g, J and n have y ie lded no s i g n i f i c a n t  f o s s i l s .  

Member i s  of Late  Miss iss ippian  ( e a r l y  Namurian-Chester) age on t h e  

b a s i s  of fo ramin i f e r s  ass igned t o  zone 18 by %met. 

Xember k is u n f o s s i l i f e r o u s  except f o r  poorly preserved pec t en ids ,  

co l l ec t ed  by Sable i n  1953, t h a t  may be T r i a s s i c  i n  age (N. J. S i l b e r l i n g ,  

wr i t t en  comun. ,  1972). 

Member m i s  appa ren t ly  of Permian age,  on t h e  b a s i s  of both  macro- 

and mic ro fos s i l  evidence.  

Xember p has y i e lded  mic ro fos s i l s  ass ignable  both  t o  zone 17 ( e a r l y  

Ramurian-Chester) and t o  t h e  post-Carboniferous,  according t o  Mamet. 

Several  c o l l e c t i o n s  of probable Permian brachiopods have a l s o  come from 

t h i s  member. 

F i e ld  data.--8ew and r ev i sed  phys i ca l  s t r a t i g r a p h i c  observat ions  a r e  

a l s o  shown on Column 11. h'ewly measured th icknesses  of members :and p 

a r e  s u b s t a n t i a l l y  l e s s  than t h e  o l d e r  measured s e c t i o n ,  p r inc ipa l ly  

because s e v e r a l  smal l  t r ansve r se  f a u l t s  dup l i ca t ing  t h e  s ec t ion  were not 

recognized o r i g i n a l l y .  

Sca t t e r ed  occurrences of a rkos i c  and coa r se  c l a s t i c  rocks  wi th in  

member & w e r e  found t o  r ep re sen t  a s i g n i f i c a n t  c l a s t i c  zone j u s t  above t h e  

poss ib l e  T r i a s s i c  f o s s i l  l o c a l i t y  near  t h e  middle of t h e  member. 

A c u t  bank j u s t  no r th  of t h e  t ype  s e c t i o n  c o n s i s t s  of euxinic  and 

ca lcareous  d e p o s i t s  physica l ly  above, and poss ib ly  g rada t iona l  wi th ,  t h e  

q u a r t z f t i c  a rkose  of member A. These beds were no t  o r i g i n a l l y  descr ibed 

i n  t h e  t y p e  sec t ion .  

Member f~! t h i n s  s u b s t a n t i a l l y  from t h e  type sec t ion  t o  t h e  nor th  

f l a n k  of t h e  r i dge .  The massive t o  thick-bedded arkose  and q u a r t z i t i c  

arkose t h a t  hold up t h e  hogbacks on t h e  nose appear t o  pinch out  westward. 

Hemat i t ic  rocks  o r i g i n a l l y  included wi th  t h e  c h e r t  i n  member n a r e  

a c t u a l l y  an uppermost phase of member g. They occur a t  t h e  top  o f  a 

sedimentary sequence t h a t  grades  from t y p i c a l l y  a rkos i c  l imestone,  t o  

hema t i t i c  ca lcareous  arkose,  t o  s t rong ly  cross-bedded hemat i t ic  arkose ,  

and f i n a l l y  t o  fine-grained hema t i t i c  and c h e r t y  beds. 

The d iscovery  of wacke wi th in  t h e  success ion a t  Nuka Ridge is of 

fundamental importance. In s t s ad  of l y i n g  on t h e  uppermost member of t h e  

success ion a s  o r i g i n a l l y  i n f e r r e d  (J?  and member q, s e c t i o n  B ,  F ig .  I ) ,  

f ine-gra ined wacke with cannonball  conc re t ions  occurs  between members n 

and 2. Wacke and mudstone a r e  exposed f o r  more than 100 f e e t  near t h e  base 

of t h e  i n t e r v a l  between outcrops  of members k and 1 i n  t h e  t ype  s e c t i o n ,  

and rubb le  of wacke is  conspicuous on s t ream banks adjoin ing s l o p e s  below 

member m on t h e  no r th  f l ank .  Although t h e  wackes do no t  con ta in  t h e  heavy 



mafic minera ls  common i n  Lower Cretaceous d e t r i t u s  elsewhere (Patton and 

T a i l l e u r ,  1964) ,  they phys i ca l ly  resemble those  assigned t o  t h e  Lower 

Cretaceous.  

Evidence t h a t  t h e  success ion a t  Ruka Ridge i s  al lochthonous wi th  

r e s p e c t  t o  t h e  sequence t h a t  d i sco rdan t ly  surrounds it may be exposed on 

lower Sorepaw Creek. The upper p a r t  of a  bank t h e r e  is  an o u t l i e r  o r  

k l ippen of c h e r t  ( f i g .  21, and t h e  lower p a r t  is  deformed wacke 

i n d i s t i n g u i s h a b l e  from exposures upstream and downstream t h a t  seem t o  be 

p a r t  of t h e  Lower Cretaceous Okpikruak Formation i n  t h e  sequence wrapping 

around t h e  southern  end of t h e  Nuka Ridge t e r r ane .  This may be only a  

l o c a l  s t r u c t u r a l  cond i t i on ,  however, a s  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  

and aeromagnetic surveys of t h e  a r ea  (U.S. Geological  Survey, 1972) ne i the r  

confirm nor  c o n t r a d i c t  al lochthonous r e l a t i o n s .  

Some of t h e  phys i ca l  and f auna l  d a t a  do no t  f i t ,  a s  shown by t h e  

Column 111, Figure 1. The arkoses  imply sedimentary and provenance 

cond i t i ons  un l ike ly  t o  be r ecu r r ing .  Yet t h e  absence of Pennsylvanian 

f o s s i l s ,  a s  is  common i n  a r c t i c  l a t e  Paleozoic  faunas ,  i n d i c a t e s  a  h i a t u s  

between Miss iss ippian  and Permian depos i t i on .  Member p seems t o  o v e r l i e  

member o grada t  i ona l ly ;  breaks r ep re sen t ing  unconformi t i e s  w i th in  and a t  

t h e  base  of member p, required  by t h e  f o s s i l  d a t a ,  were not recognized i n  

t h e  f i e l d .  Member i i s  c l o s e  enough l i t h o l o g i c a l l y  t o  members m and p t o  

be t h e i r  thrus t - repeated  c o r r e l a t i v e .  However, the  manber is  

u n f o s s i l i f e r o u s  and it seems t o  grade up i n t o  dark mudstone t h a t  does no t  

succeed t h e  o the r  two a rkos i c  members and it  unde r l i e s  t h e  f i n e  c l a s t i c  

beds of member 1 conta in ing zone 1 8  fo ramin i f e r s .  

Probable th ickness  of s ec t  ion  

The Upper Miss iss ippian  rocks  a r e  probably no th i cke r  than 1 ,000 f e e t ;  

member f is  l e s s  than 750 f e e t  t h i c k ,  member h about 800 f e e t  and poss ib ly  

f a u l t e d ,  and member g is probably not more than 1,000 f e e t  t h i c k .  

Permian rocks a r e  only a  few hundred f e e t  t h i c k  on t h e  southeas t  end 

of Yuka Ridge; member m is a maximum of 450 f e e t  t h i ck .  Xember p, al though 

t h i c k e r ,  may be s t r u c t u r a l l y  complex and inc ludes  both Miss iss ippian  and 

Permfan f o s s i l s .  Sect ion  B, Column I ,  has not been r e s t u d i e d ,  so t h e  

th ickness  of Permian rocks  i n  i t  has not been c l e a r l y  de f ined .  

Member k, about 600 f e e t  t h i c k ,  r ep re sen t s  a  maximum th i ckness  f o r  t h e  

Permian and T r i a s s i c  c h e r t s ,  but  t h e  arkos ic  zone near  t h e  middle sugges t s  

t h a t  t h e  member may con ta in  faul t - repeated  s t r a t a .  

As a  r e s u l t  of t h i s  r e i n t e r p r e t a t i o n ,  i t  seems probable  t h a t  t h e  

t o t a l  th ickness  of rocks  spanning Miss iss ippian  t o  T r i a s s i c  t ime i s  no 

more than 2,000 f e e t .  

Conclusions 

New d a t a  i n d i c a t e  t h a t  t h e  success ion a t  Xuka Ridge, o r i g i n a l l y  

designated t h e  type s e c t i o n ,  c o n s i s t s  of thrus t - repeated  s t r a t i g r a p h i c  

u n i t s  (Column 111, Fig.  1 )  i n s t ead  of t h e  s i n g l e  s t r a t i g r a p h i c  sequence 

previously i n t e r p r e t e d  (Column I ,  F ig .  1 ) .  The type s e c t i o n  of t h e  Nuka 

Formation is the re fo re  inadequate and no longer c o n s t r a i n s  t h e  map u n i t  t o  

a  d e f i n i t i o n  t h a t  is  a t y p i c a l  r eg iona l ly  (Dutro, w r i t t e n  commun., 1953).  

In t h e  type a r e a ,  t h e  Nuka Formation can be r e s t r i c t e d ,  a s  i t  has  been 

elsewhere, t o  coarse-grained, a rkos i c  rocks conta in ing microcl ine .  U n t i l  

i ncons i s t enc i e s  a r e  resolved by a d d i t i o n a l  work, a  s e c t i o n  wi th in  t h e  

succession i s  des ignated  a  r e f e rence  sec t ion  f o r  t h e  format ion.  



On t h e  b a s i s  o f  c h a r a c t e r i s t i c  f a u n a  and  l i t h o l o g y ,  t h e  f i n e - g r a i n e d  

c l a s t i c  and c a l c a r e o u s  members f, &, 1, and 2 of t h e  t y p e  s e c t i o n  a r e  

c o r r e l a t i v e  i n  t i m e  w i t h  t h e  Alapah Limestone of t h e  L i s b u r n e  Group a n d ,  

i n  r o c k - t y p e ,  m o s t l y  w i t h  t h e  L i s b u r n e  Group b u t  p a r t l y  w i t h  t h e  Kayak 

S h a l e  (Bowsher and Dut ro ,  1957).  I n  g r o s s  a s p e c t ,  t h e y  r e p r e s e n t  t h e  

" b l a c k  L isburne"  f a c i e s  o f  i n f o r m a l  u s a g e  ( p a r t  o f  t h e  Tupik Format ion  o f  

S a b l e  and D u t r o ,  1961) and  c a n  be mapped a s  L i s b u r n e  Group. 

The c h e r t  nembers g, &, and g a r e  of  Permian and T r i a s s i c  a g e .  They 

cor respond  t o  b u t  a r e  n o t  n e c e s s a r i l y  c o r r e l a t i v e  w i t h  t h e  Permian 

S i k s i k p u k  ( P a t t o n ,  1957) and T r i a s s i c  S h u b l i k  Format ions  ( P a t t o n  and 

T a i l l e u r ,  1 9 6 4 ) ,  r e s p e c t i v e l y .  

The a r k o s i c  l i t h o l o g y  of  nembers  g ,  I, m, and most of  p d i s t i n g u i s h e s  

them a s  Kuka Format i o n .  Exposures  measured i n  1971 on  hogbacks of  member g 

n o r t h  o f  Nose Creek ("A" w i t h i n  rr, on  F i g .  2 )  a r e  h e r e  d e s i g n a t e d  t h e  

r e f e r e n c e  s e c t i o n  f o r  t h e  Xuka F o r ~ a t i o n .  F o s s i l s  of  Permian age  have  been 

found i n  t h i s  s e c t i o n .  Al though  a r k o s i c  r o c k s  c o n t a i n i n g  > ! i s s i s s i p p i a n  

f o s s i l s  a p p e a r  t o  be m i c r o s c o p i c a l l y  d i s t i n g u i s h a b l e  from t h o s e  w i t h  

Permian f o s s i l s ,  t h e y  a r e  i n d i s t i n g u i s h a b l e  i n  t h e  f i e l d .  T h e r e f o r e ,  on  

t h e  b a s i s  o f  t h e  i d e n t i f i a b l e  f o s s i l s  i n  t h e  map u n i t ,  t h e  Nuka Format ion  

is  now c o n s i d e r e d  t o  b e  L a t e  M i s s i s s i p p i a n  and Permian i n  a g e .  

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

e x t e n t  t h e  enigma of  t h e  Nuka Format ion .  More work is  r e q u i r e d ,  however ,  

t o  p r o v i d e  a n  a d e q u a t e  g r a s p  of t h e  d e p o s i t i o n a l  and t e c t o n i c  r e c o r d  

u n i q u e l y  d i s p l a y e d  on  Nuka Xidge.  
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F i g u r e  1.--Columnar s e c t i o n s  a t  t h e  s o u t h e a s t  end of Nuka Ridge.  S e c t i o n s  o r i g i n a l l y  
r e p o r t e d  (Ta iL leu r  and S a b l e ,  1963) a r e  shown i n  Column I ;  s e c t i o n  A was d e s i g n a t e d  
t h e  t y p e  s e c t i o n  f o r  t h e  Nuka Formation.  S e c t i o n s  measured o r  reexamined i n  1 9 7 1  
a r e  shown i n  Column T I ;  as p l o t t e d  on f i g u r e  2 ,  t h e  l i n e  of s e c t i o n  "A" c o i n c i d e s  
w i t h  t h e  l i n e  f o r  t h e  lower p a r t  of s e c t i o n  A bu t  l ies  n o r t h  of t h a t  l i n e  f o r  t h e  
upper  p a r t ;  s e c t i o n  T .  71 .28  c r o s s e s  t h e  n o r t h  f l a n k  o f  Nuka Ridge about  3 m i l e s  t o  
t h e  no r thwes t .  T e n t a t i v e  s t r a t i g r a p h i c  and s t r u c t u r a l  i n t e rp re t a t i ons - -wavy  l i n e s  
f o r  u n c o n f o m i t y ,  arrow f o r  f l a t  t h r u s t ,  and q u e r i e d  arrow f o r  u n c e r t a i n  discordance--  
are shown i n  Column 111, based  on t h e  f o r a m i n i f e r a 1  zona t i on  by Marnet and  macrofauna l  
d e t e r m i n a t i o n  by Dut ro .  The new r e f e r e n c e  s e c t i o n  f o r  t h e  Nuka Formation is  t h e  
i n d i c a t e d  arkosic u n i t  near t h e  middle  of s e c t i o n  "A". 



Figu re  2.--Sketch map of r e i n t e r p r e t e d  s t r u c t u r a l  and s t r a t i g r a p h i c  r e l a t i o n s  a t  s o u t h e r n  
end of Nuka Ridge s y n c l i n e  (from r e c t i f i e d  tw inp l ex  ~ h o t o g r a p h  Gs-TAL-18-11OL). Heavy 
l i n e s  - f a u l t s ,  ba rbs  on upper  p l a t e  of f l a t  t h r u s t ;  wavy l i n e s  - unconfo rmi t i e s ;  heavy 
d o t s  - l i n e s  of s e c t i o n s  shown i n  f i g u r e  1; Ku - undiv ided  wacke and mudstone resembl ing  
lower Cre taceous  rocks  o u t s i d e  of a r e a ;  R P u  - T r i a s s i c  and (o r )  Permian c h e r t  beds; PMn - 
Nuka Formation,  c h a r a c t e r i z e d  by a r k o s i c  rocks ;  M 1  - Lisburne  Group, f i n e - g r a i n e d  c l a s t i c  
and ca rbona t e  rocks ;  K O ,  M l / i r  - Okpikruak Formation,  Lower Cre taceous  wacke and mudstone, 
and L i sbu rne  Group, maf i c  s i l l s ,  r e s p e c t i v e l y ;  and (p) , (m) , (A) and (e) - arkosic mem- 
b e r s .  The new r e f e r e n c e  s e c t i o n  i s  cornposited from t h e  two segments  of s e c t i o n  "A" 
w i t h i n  (m). 


