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INTRODUCTION 

The prel iminary results of the  mineral  resource inves t iga t ions  

conducted i n  the  National Petroleum Reserve i n  Alaska (NPR-A) by the 

, Geological Survey a r e  planned to  be open f i l e d  i n  t e n  p a r t s .  This r e p o r t ,  

numbered Open-file Report 78-708, is  the  f i r s t  p a r t ,  It i s  a technica l  

r epo r t  t h a t  analyzes t he  minera l iza t ion  found by f i e l d  teams i n  1977 and 

provides mineral comod i ty  s p e c i a l i s t s  with the  geologic framework f o r  

eva lua t ing  the  region. Other open-file r e p o r t s ,  i n  press, t h a t  a r e  p a r t  

of t h i s  s e r i e s  include the following, marked by a s t e r i s k  i n  the  Refer- 

ences c i t ed :  

*78-70B - Bedrock geologic map of the south half of National  

Petroleum Reserve i n  Alaska (Mayfield and o t h e r s ,  1978), 

*78-70C - Geologic s e t t i n g  of t he  lead  and z inc  depos i t s ,  Drench- 

water Creek a rea ,  Howaxd Pass quadrangle, western Brooks Range, Alaska 

(Nokleberg and Winkler, 1978), and 

*78-70D - Basic da t a  f o r  the  geochemical eva lua t ion  of National 

Petroleum Reserve, Alaska (Theobald and Barton, 1978). 

Work goals  and plans 

F ie ld  inves t iga t ions  t h a t  form the b a s i s  f o r  the  r e p o r t s  on geochem- 

i s t r y  and mineral  depos i t s  were done during the  period June +July 31, 

1977, using he l i cop te r  t r anspor t a t ion  ou t  of t he  Dxiftwood camp on the 

Utukok River. For sho r t e r  per iods of time, a helicopter-supported 

temporary camp was used on Drenchwater Creek. The work consis ted of 

geologic i nves t iga t ions  and reconnaissance geochemical sampling by the 



Geological Survey i n  response t o  s e c t i o n  105(c) of t he  National Petroleum 

Reserve Act of 1976. 

In  order  t o  eva lua te  t he  mineral  p o t e n t i a l  of t h i s  large a r e a  (see 

index map, f i g .  1) expedi t iously,  t he  work f o r  the  1977 season was con- 

cent ra ted  i n  t he  southern p a r t  of NPR-A and i n  contiguous p a r t s  of the  

Brooks Range, a poorly known a rea  suspected of having a s i g n i f i c a n t  

m e t a l l i c  mineral po ten t i a l .  Early i n  the  inves t iga t ions  of bedrock 

geology, i t  w a s  determined t h a t  red-stained zones, poss ib ly  assoc ia ted  

w i th  s u l f i d e  minera l iza t ion ,  were confined mainly t o  a t h i n  s t r a t i g r a p h i c  

i n t e r v a l  i n  a s t r u c t u r a i  sequence t h a t  i s  discont inuously covered by 

overlying t h r u s t  p l a t e s  composed of coeval but l i t h o l o g i c a l l y  d i f f e r e n t  

rocks (Mayfield and o the r s ,  1978). It was f u r t h e r  determined that lead 

and z inc  minerals  i n  t h e  Red Dog and Drenchwater a r eas ,  t he  only two 

mineralized areas known, were assoc ia ted  i n  t h e  same s t r a t i g r a p h i c  and 

s t r u c t u r a l  s e t t i n g  a s  some of the  s t a ined  zones. Therefore,  i t  was 

decided t o  concent ra te  t h e  bedrock and mineral i nves t iga t ion  work on 

t h i s  lower s t r u c t u r a l  sequence ( f i g .  2 ) .  Basic da ta  f o r  t h i s  r e p o r t ,  

including t r ave r se  c ross  s ec t ions ,  semiquant i ta t ive  spectrographic 

analyses ,  and loca t ion  maps of samples a r e  given i n  Appendix A. 

Regional geochemical sampling was done t o  provide a stream-sediment 

reconnaissance of t h e  e n t i r e  southern p a r t  of NPR-A and adjoining Brooks 

Range (see  U.S. Geological Survey Open-file Report 78-70D). 

Another goal  of t h e  geochemical sampling was t o  analyze rock ch ip  samples 

and s o i l  samples from a reas  where t h e  bedrock was inves t iga ted .  



Geographic s e t t i n g  

The area is about 9,000 km2 and l i e s  mainly wi th in  the  southern p a r t  

of NPR-A between l a t  68'25' N. and 68"501 N.  and long 156' W. and 162" W. 

The t e r r a n e  i s  mostly r o l l i n g  h i l l s  and low mountains ranging i n  e leva t ion  

from 300 t o  1,500 m t h a t  form the  western Brooks Range and i t s  northern 

f o o t h i l l s .  The nea re s t  supply centers  t o  the  Driftwood a i r s t r i p  a r e  

Kotzebue, 250 km south;  Poin t  Barrow, 300 km nor th ;  and Fairbanks, 700 km 

southeas t .  

Previous work 

Systematic geologica l  eva lua t ion  of t h e  region began a t  about t he  

time of t he  establishment of t he  Naval Petroleum Reserve i n  1923 and 

resumed during the period of o i l  explora t ion  from 1945 t o  1953. The 

r e s u l t s  of t h i s  e f f o r t  a r e  summarized i n  t h e  s e r i e s  of U.S. Geological 

Survey Profess iona l  Papers 303A-H. The Geological Survey s t u d i e s  contin- 

ued i n  t h e  a r ea  under t h e  d i r e c t i o n  of I. L. T a i l l e u r ,  r e s u l t i n g  i n  

recogni t ion  of s i g n i f i c a n t  lead-zinc minera l iza t ion  a t  Red Dog near the  

southwest corner of NPR-A (Ta i l l eu r ,  1970; U.S. Bur. Mines, 1975). I n  

1975, T a i l l e u r  and o the r s  ( o r a l  commun.) recognized a s i m i l a r  mineraliza- 

t i o n  a t  Drenchwater Creek wi th in  NPR-A and 180 km e a s t  of Red Dog. 

I n t e r p r e t a t i o n s  of t h e  s t r u c t u r a l  framework f o r  the western Brooks Range 

have been formulated by T a i l l e u r ,  Kent, and Reiser  (1966) and Martin 

(1970). Coal reserves  i n  t he  northern p a r t  of the  NPR-A were estimated 

by Barnes (1967) and by T a i l l e u r  and Brosge (1975). Phosphate occurrences 

have been i d e n t i f i e d  and reported on by Pa t ton  and Matzko (1959). 



GEOLOGIC SETTING 

St ra t igraphy 

Bedrock i n  t he  NPR-A can be divided i n t o  two t e r r anes  on the  b a s i s  

of s t r a t i g raphy  and s t r u c t u r e  (Mayfield and o the r s ,  1978; f i g .  2 ,  

schematic c ross  s ec t ion ) .  The f i r s t  t e r r ane ,  present  i n  the  south ha l f  

of NPR-A, includes the  rocks of t h e  Brooks Range and i ts  northern foot-  

h i l l s .  These are mainly highly folded and f au l t ed ,  r e l a t i v e l y  t h i n  

(about 500 m) sequences of marine sedimentary s t r a t a  of Paleozoic and 

ea r ly  Mesozoic age. Traverse c ros s  s ec t ions  of t h i s  t e r r ane  a r e  shown 

i n  Appendix A. The second t e r r ane ,  p resent  i n  the  nor thern  p a r t  of 

NPR-A, cons i s t s  of much th i cke r  ( s eve ra l  thousands of meters) and younger 

(mainly l a t e  Mesozoic age) sandstone, sha l e ,  and conglomerate u n i t s  of 

marine and nonmarine o r ig in .  Bedrock i n  t h e  northern t e r r ane  i s  f a r  l e s s  

deformed than i n  the  southern t e r r ane ,  Because of t h e  widespread s u r f i -  

c i a 1  depos i t s ,  outcrops a r e  exposed i n  c l i f f s  and cutbanks and the  north- 

e rn  t e r r ane  becomes a broad, swampy c o a s t a l  p l a i n  i n  i t s  northern p a r t .  

S t ruc tu re  

The southern t e r r ane  cons i s t s  of numerous t h r u s t  plates with  complex 

s t r a t i g raphy  (Mayfield and o the r s ,  1978; f i g .  2 ) .  The rocks of the lowest 

recognizable s t r u c t u r a l  sequence a r e  mainly fine-grained s i l i c e o u s  c l a s t i c  

sediments--shale, s i l t s t o n e ,  and minor sandstone--interbedded with radio- 

l a r i a n  che r t  and, l o c a l l y ,  submarine volcanic  rocks. I n  overlying t h r u s t  

p l a t e s ,  t h e  rocks of Carboniferous age are mainly l ight-colored limestone 

whereas rocks of t h e  same age i n  the  lowest s t r u c t u r a l  sequence a r e  mainly 

interbedded dark c h e r t  and sha l e .  This  jux tapos i t ion  of calcareous 

sequences with a coeval sequence of che r t  and s h a l e  provides t he  evidence 

f o r  t h r u s t  f a u l t i n g  on a scale l a r g e  enough t o  d isp lace  sedimentary 

f a c i e s  (Ta i l l eu r  and Brosgk, 1970; Lathram, 1965). 
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The predominant s o u t h  d i p s  of beds ,  f a u l t s ,  and i s o c l i n a l  f o l d  l imbs 

sugges t  nor th-south  compression,  b u t  t h e  amount and d i r e c t i o n  of r e l a t i v e  

movement of t h e  f a u l t  b locks  a r e  unknown. Reconstruct ions  of sedimentary 

environments i n  t h e  r e g i o n ,  p a r t i c u l a r l y  f o r  rocks  of Carboniferous  age  

t h a t  show t h e  g r e a t e s t  v a r i a b i l i t y  i n  f a c i e s ,  i n d i c a t e  that a ca rbona te  

rock  nearshore  and s h e l f  f a c i e s  developed along what i s  now t h e  a r c t i c  

coastal plain (Armstrong and Bi rd ,  1976).  These ca rbona te  rocks ,  i n  t u r n ,  

g rade  southward i n t o  s h a l e  and c h e r t  of a deeper wa te r  f a c i e s .  

The s t r a t i g r a p h y  of t h e  lowest  s t r u c t u r a l  sequence, which has  t h e  

on ly  s i g n i f i c a n t  b a s e  metal m i n e r a l i z a t i o n  ( f i g .  3 ) ,  i s  g e n e r a l i z e d  i n  

t h e  columnar s e c t i o n  of f i g u r e  4.  The s e c t i o n  c o n s i s t s  of f o u r  broadly  

s i m i l a r  u n i t s ;  t h e  b a s a l  u n i t s  a r e  a b l a c k  s h a l e  and c h e r t  facies of t h e  

Lisburne Group t h a t  i s  succeeded by mainly a r g i l l a c e o u s  and c h e r t y  s t r a t a  

of t h e  S iks ikpuk  and Shubl ik  Formations,  Th is  r e l a t i v e l y  t h i n  s t r a t i -  

g r a p h i c  t h i c k n e s s ,  r e p r e s e n t i n g  much of Carboniferous ,  Permian, and 

T r i a s s i c  t i m e ,  is  o v e r l a i n  by a t h i c k  s e c t i o n  of c o a r s e r  g ra ined  c l a s t i c  

rocks  of Cretaceous age. These f o u r  d i s c r e t e  format ions  a r e  s t r u c t u r a l l y  

repea ted  many t imes . 
S t r u c t u r e  w i t h i n  the  lowest  sequence a long  t h e  n o r t h e r n  f o o t h i l l s  

of t h e  Brooks Range c o n s i s t s  of a s e r i e s  of small f a u l t  s l i c e s  forming 

l e n s l i k e  b locks .  Within t h e  blocks ,  t h e  beds are t e c t o n i c a l l y  s t r e t c h e d  

and dismembered i n t o  broken format ions .  I n d i v i d u a l  fo rmat ions  g e n e r a l l y  

form narrow u n i t s  t h a t  s t r i k e  east-west  and d i p  moderately t o  s t e e p l y .  

I n t e r n a l  f o l d s  are t i g h t ,  n e a r l y  i s o c l i n a l  and, i n  many p l a c e s ,  a r e  

over tu rned  w i t h  a x i a l  p l a n e s  d ipp ing  sou th .  Axial  p lane  c leavage  is  

commonly developed and i n  t h e  a r g i l l a c e o u s  rocks  r e s u l t s  i n  a 



c h a r a c t e r i s t i c  f i n e  micaceous sheen.  Within t h e  t e c t o n i c  b locks ,  c h e r t  

and sands tone  beds a r e  t h e  l e a s t  d i s r u p t e d .  

The s t r u c t u r a l  complexity w i t h i n  t h e  lowest  s t r u c t u r a l  sequence is  

i n d i c a t e d  a t  Drenchwater Creek by Nokleberg and Winkler (1978). No s i n g l e  

fo rmat ion  p e r s i s t s  as a  cont inuous  u n i t  from e a s t  t o  w e s t  along t h e  

r e g i o n a l  s t r i k e .  I n s t e a d ,  a heterogeneous mixture  of t e c t o n i c  l e n s e s  of 

v a r i o u s  fo rmat ions  forms t h e  bedrock. Loca l ly ,  l a r g e  b locks  of c h e r t  of 

t h e  Shubl ik  Formation and Lisburne Group a r e  surrounded by a p e r v a s i v e l y  

sheared m a t r i x  of s h a l e  from t h e  fo rmat ions  i n  t h e  lowest  s t r u c t u r a l  

sequence.  I n  t h e  e a s t e r n  p a r t  of t h e  Drenchwater Creek area, t h e r e  is  a 

g r e a t e r  c o n t i n u i t y  of format ions .  Some fo rmat ions  appear  t o  b e  th ickened 

by asymmetr ical  f o l d s  and f a u l t s .  D e s p i t e  t h e  i n t e n s e  deformat ion i n  the 

Drenchwater area, d i s c r e t e  t h r u s t  p l a t e s  can be  i d e n t i f i e d .  Each t h r u s t  

p l a t e  i s  def ined  by d i s t i n c t  p r o p o r t i o n s  of v a r i o u s  format ions  and 

d i s t i n c t  s t r u c t u r a l  domains. 

REGIONAL GEOCHEMISTRY 

Regional geochemical reconnaissance of t h e  sou thern  p a r t  of NPR-A 

shows geochemical patterns t h a t  may be  r e l a t e d  t o  f i v e  d i s t i n c t  types  

of m i n e r a l i z a t i o n :  (1) barium r e l a t e d  t o  c o n c r e t i o n a r y  and probably 

a l s o  bedded b a r i t e  d e p o s i t s ;  (2)  z i n c  and s i l v e r  w i t h i n  t h e  a r e a  of 

abundant barium r e l a t e d  t o  z inc - r i ch  s t ra tabound  s u l f i d e  d e p o s i t s ;  

(3) a r s e n i c ,  l e a d ,  and s i l v e r  i n  heavy-mineral c o n c e n t r a t e s  r e l a t e d  t o  

a n  as y e t  unknown bedrock source ;  (4) l e a d ,  z i n c ,  and s i l v e r  wi thou t  

barium i n  t h e  s o u t h e a s t  p a r t  of  t h e  a r e a ,  a g a i n  r e l a t e d  t o  an unknown 

bedrock source;  and (5) a broad d i s t r i b u t i o n  of chromium i n  heavy-mineral 

c o n c e n t r a t e s  de r ived  from u l t r a m a f i c  rocks  s o u t h  of NPR-A. 



The reconna i ssance  geochemical e v a l u a t i o n  is based on data obta ined  

from 574 sampling s i t e s  i n  t h e  Misheguk Mountain and Howard Pass  quad- 

r a n g l e s .  For comparative purposes ,  11 s i t e s  i n  nearby a r e a s  were a l s o  

sampled, i n c l u d i n g  n i n e  s i t e s  i n  t h e  v i c i n i t y  of t h e  Red Dog prospec t  i n  

the Ile Long Mountains quadrangle ,  and two w i t h i n  t h e  chromium-bearing 

Avan River u l t r a m a f i c  complex i n  t h e  southwest p a r t  of t h e  Misheguk 

Mountain quadrangle.  

Where p o s s i b l e ,  t h r e e  samples were c o l l e c t e d  a t  each s i t e :  (1) an 

a c t i v e  stream-sediment, ( 2 )  a heavy-mineral c o n c e n t r a t e  from a c t i v e  

stream-sediment, and (3) a streambank s o i l .  The stream-sediment sample 

p rov ides  a composite sample of t h e  d ra inage  b a s i n  above t h e  sample s i t e  

and t h e  i n o r g a n i c  d e b r i s  being t r a n s p o r t e d  from t h a t  basin, whereas t h e  

heavy-mineral c o n c e n t r a t e  p rov ides  a much enhanced sample of t h a t  f r a c t i o n  

of t h e  i n o r g a n i c  composite most l i k e l y  t o  c o n t a i n  many of t h e  rarer 

m i n e r a l s  and elements a s s o c i a t e d  w i t h  v a l u a b l e  minera l  d e p o s i t s .  

The a n a l y t i c a l  d a t a  a r e  summarized i n  f i g u r e s  6 and 7 .  The t e r r a n e  

is noteworthy f o r  i ts  extreme geochemical v a r i a b i l i t y .  An unusual ly  

l a r g e  number of elements is anomaLously high.  The range of c o n c e n t r a t i o n s  

f o r  many of t h e  elements is  extreme, p a r t i c u l a r l y  i n  t h e  heavy-mineral 

c o n c e n t r a t e s  where f o u r  of t h e  elements span t h e  t o t a l  range of t h e  ana- 

l y t i c a l  procedure.  The geometric d e v i a t i o n  is large, p a r t i c u l a r l y  i n  

t h e  heavy-mineral c o n c e n t r a t e s .  Barium s t a n d s  o u t  both  f o r  i ts  unusual 

abundance i n  t h e s e  samples and f o r  i t s  extreme v a r i a b i l i t y .  

The d i s t r i b u t i o n s  of seven elements have been p l o t t e d  a t  a scale 

of 1:500,000 and t h e  data contoured t o  i l l u s t r a t e  t h e  s p a t i a l  d i s t r i b u -  

t i o n  of t h e  p o t e n t i a l  i d e n t i f i e d  above ( f i g s .  14-16). Barium i n  



stream sediments  is  unusual ly  abundant throughout t h e  c e n t r a l  p a r t  of 

t h e  a r e a .  It is unusua l ly  low n e a r  t h e  u l t r a m a f i c  complexes n e a r  

Misheguk Mountain and Siniktanneyak Mountain. It is  "normal," a few 

hundreds t o  a thousand p a r t s  p e r  m i l l i o n ,  on ly  a long t h e  n o r t h e r n  border  

of t h e  s tudy  a r e a  and i n  t h e  s o u t h e a s t  corner .  B a r i t e  is t h e  minera l  

r e s p o n s i b l e  f o r  t h e  high v a l u e s  as exempli f ied  by t h e  extreme l e v e l s  of 

barium i n  t h e  nonmagnetic f r a c t i o n  of t h e  heavy-mineral c o n c e n t r a t e s  and 

t h e  abundance of b a r i t e ,  80 p e r c e n t  o r  more, i n  t h i s  sample medium. 

Although t h e  massive s u l f i d e  d e p o s i t s  t h a t  have been examined are enr iched  

i n  barium, they c o n t a i n  on ly  a few thousand p a r t s  p e r  m i l l i o n  s o  cannot  

be r e s p o n s i b l e  f o r  t h e  major f e a t u r e s  i l l u s t r a t e d .  Concret ionary b a r i t e  

i s  known from s e v e r a l  of t h e  rock  u n i t s  and undoubtedly c o n t r i b u t e s  t o  

t h e  l e v e l s  of barium observed,  b u t ,  a g a i n ,  t h e  abundance of c o n c r e t i o n a r y  

b a r i t e  does n o t  appear  s u f f i c i e n t  t o  e x p l a i n  t h e  major barium anomalies 

of f i g u r e  14.  It seems l i k e l y ,  t h e r e f o r e ,  t h a t  an  a s  y e t  u n i d e n t i f i e d  

number of d e p o s i t s  of bedded b a r i t e  e x i s t  w i t h i n  t h e  a r e a  of NPR-A. 

Z inc-su l f ide  d e p o s i t s  are known or  suspec ted  i n  a t  l e a s t  t h r e e  of 

t h e  z i n c - r i c h  areas ( f i g .  15) .  The o t h e r  a r e a s  w i t h  200 ppm o r  more z i n c  

have s i m i l a r  p o t e n t i a l ,  p a r t i c u l a r l y  where s i l v e r  is a l s o  d e t e c t a b l e  and,  

as noted above, b a r i t e  i s  abundant.  The s i n g l e  excep t ion  t o  t h i s  g e n e r a l i -  

z a t i o n  i s  i n  t h e  s o u t h e a s t  corner  of t h e  a r e a  where t h e  z i n c  h igh  i n  t h e  

upper p a r t  of t h e  Nigu River is  i n  an a r e a  of "normal" barium concentra- 

t i o n  and t h e  s i n g l e  d e t e c t a b l e  s i l v e r  v a l u e  does n o t  c o i n c i d e  w i t h  high 

z i n c .  The minera l  p o t e n t i a l  i n  t h i s  a r e a  h a s  a d i f f e r e n t  chemical  charac- 

ter from t h a t  t o  t h e  nor thwest  and wes t .  

The s p a t i a l  d i s t r i b u t i o n  of arsenic i n  heavy-mineral c o n c e n t r a t e s  is 



unique.  A l l  of  t h e  high v a l u e s  ( i n c l u d i n g  v a l u e s  of 5,000 ppm o r  more) 

a r e  i n  t h e  n o r t h e a s t  p a r t  of t h e  a r e a  ( f i g .  1 6 ) ,  p a r t i c u l a r l y  i n  a 

pronounced n o r t h e a s t - t r e n d i n g  zone t h a t  c r o s s e s  t h e  Utukok River i n  t h e  

v i c i n i t y  of Driftwood. The d i s t r i b u t i o n  of s i l v e r  i n  t h e  heavy-mineral 

c o n c e n t r a t e s  i s  remarkably similar t o  t h a t  of a r s e n i c  though i s o l a t e d  

h ighs  s c a t t e r  f a r t h e r  t o  t h e  ' eas t .  Again, t h e  c l u s t e r  of samples conta in-  

i n g  5 ppm o r  more s i l v e r  d e f i n e s  a nor theas t - t r end ing  zone through D r i f t -  

wood. A s i n g l e  h igh  v a l u e  i n  t h e  head of t h e  Nigu River f a l l s  i n  t h e  

z inc - r i ch  a r e a  d e s c r i b e d  p r e v i o u s l y .  The d i s t r i b u t i o n  of l e a d  i n  t h e  

heavy-mineral c o n c e n t r a t e s  is more complex t h a n  t h a t  of t h e  a r s e n i c  and 

s i l v e r ,  r e f l e c t i n g  t h e  g r e a t e r  p r o p o r t i o n  of valid o b s e r v a t i o n s .  The 

nor theas t - t r end ing  high through Driftwood is a g a i n  prominent,  l o c a t i n g  

and v a l i d a t i n g  t h e  a r s e n i c  f a c t o r  desc r ibed  e a r l i e r .  There is c l e a r l y  a 

prominent source  of meta l  i n  t h i s  area, bu t  its n a t u r e  and whereabouts 

i n  bedrock a r e  unknown. A second group of l ead- r i ch  heavy-mineral concen- 

trates is  i n  t h e  s o u t h e a s t  p a r t  of t he  area, g e n e r a l l y  c o i n c i d e n t  with, 

but  more widespread than,  t h e  z i n c - r i c h  samples i n  t h i s  a r e a .  The g e n e r a l  

co inc idence  of z i n c ,  s i l v e r ,  and l e a d  i n  t h e  s o u t h e a s t  chemical ly  charac- 

t e r i z e s  y e t  a n o t h e r  metal  anomaly w i t h  no known bedrock source .  

The remaining f a c t o r  c h a t  suggests minera l  p o t e n t i a l  is c h a r a c t e r -  

ized by calcium, magneslum, and chromium i n  both sample media. It is 

i l l u s t r a t e d  h e r e  by t h e  s i n g l e  example of chromium i n  t h e  heavy-mineral 

c o n c e n t r a t e s .  The o t h e r  elements involved d i s p l a y  s i m i l a r  p a t t e r n s .  

The p r i n c i p a l  source  of t h e s e  elements is c l e a r l y  i n  t h e  u l t r a m a f i c  

complexes a t  Misheguk Mountain, Siniktanneyak Mountain, and on t h e  Avan 

River .  All of t h e s e  a r e  sou th  of NPR-A. A prominent chromium high 



ex tends  n o r t h  from t h e  Siniktanneyak Mountain complex a long  t h e  Kuna 

River ,  expanding northward a long t h e  Kiligwa and C o l v i l l e  Rivers .  This  

anomaly is e q u i v a l e n t  i n  magnitude t o  t h e  Misheguk Mountain anomaly and 

l a r g e r  than  t h e  combined anomalies from t h e  o t h e r  u l t r a m a f i c  complexes. 

We i n t e r p r e t  t h i s  f e a t u r e  t o  r e f l e c t  a n c i e n t  e r o s i o n  of h i g h e r ,  l a r g e r ,  

and r i c h e r  p o r t i o n s  of t h e  Siniktanneyak complex and t h e  i r r e t r i e v a b l e  

sp read ing  of t h i s  m a t e r i a l  throughout t h e  sedimentary  rocks  t o  t h e  n o r t h .  

From t h i s  i n t e r p r e t a t i o n ,  w e  see l i t t l e  p o t e n t i a l  f o r  e x t e n s i v e  deposits 

of m i n e r a l s  r e l a t e d  t o  t h e  u l t r a m a f i c  s u i t e  w i t h i n  NPR-A. 

Geochemical summary 

The geochemical e v a l u a t i o n  of t h e  minera l  p o t e n t i a l  of t h e  sou thern  

p a r t  of NPR-A is summarized i n  t h r e e  i l l u s t r a t i o n s  designed as o v e r l a y s  

on which t h e  p o t e n t i a l  is  d i sp layed  a t  two l e v e l s .  The b a r i t e  p o t e n t i a l  

( f i g .  14)  i s  d e f i n e d  as modexate where cont iguous  stream-sediment samples 

c o n t a i n  0.5 p e r c e n t  o r  more of barium and a s  s t r o n g  where they  contain 

more t h a n  1 p e r c e n t  of barium. The z i n c - s u l f i d e  p o t e n t i a l  ( f i g .  15) i s  

def ined  by t h e  over lap  of a r e a s  having z inc - r i ch  s t ream sediments  and 

a r e a s  r i c h  i n  barium. The Driftwood anomaly ( f i g .  16)  i s  def ined  by t h e  

c o i n c i d e n t  occurrence of a r s e n i c ,  l e a d ,  and s i l v e r  i n  heavy-mineral con- 

c e n t r a t e s .  The anomaly is  open t o  t h e  n o r t h e a s t ,  r eaches  i t s  maximum 

i n t e n s i t y  a t  t h e  n o r t h  edge of t h e  s t u d y  area, and has no known bedrock 

source .  The Koiyaktot  Mountain anomaly, a l s o  shown on f i g u r e  16,  i s  

c h a r a c t e r i z e d  by t h e  g e n e r a l  s i m i l a r i t y  of t h e  d i s t r i b u t i o n  of z i n c  i n  

stream sediments ,  s i l v e r  i n  stream sediments  and heavy-mineral concen- 

t r a t e s ,  and l e a d  i n  heavy-mineral c o n c e n t r a t e s .  The p a t t e r n s  f o r  t h e  

t h r e e  elements a r e  n o t  s t r i c t l y  c o i n c i d e n t  and a r e  a t  l e a s t  s u g g e s t i v e  



of meta l  zoning.  The bedrock s o u r c e  of t h e  Koiyaktot  anomaly has  n o t  

been i d e n t i f i e d .  

MINERALIZATION 

M e t a l l i c  and r e l a t e d  nonmeta l l i c  m i n e r a l s  

Occurrences of m e t a l l i c  and r e l a t e d  nonmeta l l i c  m i n e r a l s  have 

r e c e n t l y  been r e p o r t e d  i n  n o r t h e r n  Alaska. P re l iminary  followup work 

dur ing  t h e  1977 f i e l d  season  h a s  r e s u l t e d  i n  r e c o g n i t i o n  of s i g n i f i c a n t  

z i n c ,  l e a d ,  and s i l v e r  m i n e r a l i z a t i o n  a long  a f a i r l y  w e l l  d e l i n e a t e d  

r e g i o n a l  geo log ic  t r end  a s s o c i a t e d  w i t h  cher t -shale-volcanic  rocks  of 

Carboniferous  age.  This  b e l t  t r e n d s  eastward from t h e  z inc- lead d e p o s i t s  

of t h e  Red Dog Creek-Wulik River a r e a  i n  t h e  D e  Long Mountain quadrangle ,  

a c r o s s  t h e  s o u t h e r n  p o r t i o n  of NPR-A t o  t h e  Drenchwater Creek-Wager Creek 

a r e a ,  t h e  most noteworthy showing i n  NPR-A t o  d a t e  ( f i g .  3 ) .  These zinc- 

l e a d  d e p o s i t s  appear  t o  have formed contemporaneously w i t h  v o l c a n i c  

a c t i v i t y  i n d i c a t e d  mainly by submarine t u f f s  w i t h  s u b o r d i n a t e  p o r p h y r i t i c  

l a v a  f lows a s s o c i a t e d  w i t h  marine s h a l e s  and c h e r t s .  The e n t i r e  r e g i o n  

of NFR-A i n  which t h i s  assemblage o c c u r s  must be considered as q u i t e  

f a v o r a b l e  f o r  o t h e r  s i m i l a r  occur rences  of lead-zinc  m i n e r a l i z a t i o n .  

There  a r e  n o t  enough d a t a  a v a i l a b l e  a t  p r e s e n t  t o  p e r m i t  more than q u a l i -  

t a t i v e  e v a l u a t i o n s  t o  be  made w i t h  r e s p e c t  t o  resource p o t e n t i a l .  More 

e f f o r t  i s  needed t o  f u l l y  d e f i n e  the zinc-lead r e s o u r c e  w i t h i n  NPR-A. 

I n  t h e  D e  Long Mountains quadrangle ,  p o t e n t i a l l y  v a l u a b l e  concentra-  

tions of b a r i t e  a r e  found a s s o c i a t e d  with the zinc- lead d e p o s i t s ,  b u t  

s i m i l a r  occur rences  have n o t  y e t  been noted w i t h i n  NPR-A. Rocks s i m i l a r  

t o  those  h o s t i n g  the z i n c  and l e a d  d e p o s i t s  a r e  a s s o c i a t e d  w i t h  anomalously 

h i g h  geochemical v a l u e s  f o r  barium. This r e l a t i o n s h i p  sugges t s  the 



p o s s i b i l i t y  of f i nd ing  b a r i t e  depos i t s  wi th in  NPR-A a s  wel l .  

Bedrock examination 

In  NPR-A, eleven mineral ized a reas  were prospected o r  examined. For 

most of the a r eas ,  d e t a i l e d  geologic t r ave r se s  o r  sketch maps were made, 

and samples of bedrock, stream sediments, and s o i l  were co l l ec t ed  f o r  

chemical analyses  (Appendix A). A summary desc r ip t ion  of the  eleven areas 

examined and the  a n a l y t i c a l  r e s u l t s  is shown i n  t a b l e  1. Analyt ical  ranges 

shown i n  t a b l e  1 r e f e r  t o  lowest and h ighes t  values from analyses  f o r  base 

metals  a t  each s i t e .  

A t o t a l  of 214 rock, s o i l ,  and stream s i l t  samples was co l l ec t ed ,  

each of which was analyzed spec t roscopica l ly  f o r  30 elements. Outside 

the  Drenchwater Creek area, lead  shows uniformly low values from l e s s  

than 10 t o  150 ppm with an  approximate average of 30 ppm f o r  a l l  rock and 

s o i l  samples. Outside the  Drenchwater Creek area, z inc  was mainly de tec ted  

t o  the  southeas t  of the Drenchwater Creek a rea  with values between none 

detected t o  300 ppm. Very low values of s i l v e r ,  1-3 ppm, were found i n  

a few samples. 

Within the Drenchwater Creek a rea ,  lead and zinc show moderate to  

high va lues  wi th in  the zone of s u l f i d e  minera l iza t ion .  Lead ranges from 

10 t o  15,000 pprn with an  approximate average of 200 ppm. Zinc ranges 

from l e s s  than 200 t o  more than 10,000 ppm with an approximate average 

of 200 ppm. A few samples show s i l v e r  values of 1-5 ppm. B a r i u m  i s  

discussed i n  a l a t e r  sec t ion .  

Drenchwater Creek a r e a  

I n  the Drenchwater Creek a rea ,  s u l f i d e  minera l iza t ion  occurs i n  the 

gray t o  black sha l e s ,  gray t o  black che r t s ,  and intermediate  t o  maf i c  



v o l c a n i c  rocks  of t h e  Lisburne Group conta ined i n  a lower s t r u c t u r a l  

sequence ( f i g s .  3, 4; Nokleberg and Winkler,  1978) .  This sequence is  

i n t e r n a l l y  deformed and is  subdivided i n t o  t h r u s t  p l a t e s .  The Drenchwater 

t h r u s t  p l a t e  c o n t a i n s  base  meta l  s u l f i d e s  and minor b a r i t e .  

Galena, s p h a l e r i t e ,  and p y r i t e  were observed i n  t h e  t u f f s  o r  i n  

d a r k  c h e r t s  and d a r k  s h a l e s  t h a t  a r e  e i t h e r  in te rbedded  w i t h  o r  a d j a c e n t  

t o  t u f f .  The s u l f i d e s  may occur  i n  more than  one u n i t  of c u f f ,  d a r k  

c h e r t ,  and d a r k  s h a l e ;  however, t h e  i n t e n s e  f o l d i n g  and f a u l t i n g  and poor 

exposures  i n  t h e  a r e a  p rec lude  any p r e c i s e  de te rmina t ion  of number of 

minera l i zed  hor izons .  B a r i t e  is  much s p a r s e r  and occurs  ia b l a c k  c h e r t  

a long  Drenchwater Creek and i n  u n d i f f e r e n t i a t e d  yellow-green c h e r t s  of 

the Shubl ik  o r  Siks ikpuk Formations i n  t h e  southwest p a r t  of t h e  mapped 

a r e a .  S t r o n g l y  developed i r o n  s t a i n i n g  a l s o  occurs  i n  t h e  zone of s u l f i d e  

m i n e r a l i z a t i o n  and is  p r i m a r i l y  t h e  r e s u l t  of weather ing of p y r i t e  and 

l e s s e r  amounts of s p h a l e r i t e  i n  t h e  f e l s i c  t u f f s .  The eastern and wes te rn  

l i m i t s  of t h e  zone of s u l f i d e  m i n e r a l i z a t i o n  s t i l l  need t o  be def ined  by 

more mapping and sampling. 

Geologic c o n t r o l s  

Zinc-lead s u l f i d e  d e p o s i t s  

There are  two major geo log ic  c o n t r o l s  f o r  t h e  occur rences  of s u l f i d e  

d e p o s i t s  a long t h e  n o r t h e r n  f r o n t  of t h e  Brooks Range as  determined from 

d e t a i l e d  mapping i n  t h e  Drenchwater Creek area and from d e t a i l e d  geo log ic  

t r a v e r s e s  a long t h e  n o r t h e r n  f r o n t .  

F i r s t ,  i n  the Drenchwater Creek area, the a s s o c i a t i o n  of s p h a l e r i t e  

and ga lena  w i t h  t u f f  and w i t h  gray t o  b l a c k  d a r k  c h e r t  and gray t o  black 

d a r k  s h a l e  a d j a c e n t  t o  submarine v o l c a n i c  rocks  s t r o n g l y  sugges t s  t h a t :  



(1) s u l f i d e  m i n e r a l i z a t i o n  occurred s imul taneous ly  o r  just a f t e r  sedimen- 

t a t i o n  and volcanism; and (2)  v o l c a n i c  e x h a l a t i o n s  may be  t h e  source  of 

t h e  m i n e r a l i z i n g  f l u i d s .  

Second, i n t e n s e  deformat ion,  i n c l u d i n g  i s o c l i n a l  f o l d i n g ,  f a u l t i n g ,  

and melange development, h a s  s e v e r e l y  d i s r u p t e d  and dismembered t h e  

s t r a t i f o r m  d e p o s i t .  I n t e n s e  deformat ion may have obscured a s t r a t i g r a p h i c  

hor izon  f a v o r a b l e  f o r  the l o c a l i z a t i o n  of b a s e  meta l  s u l f i d e  d e p o s i t s ;  

t h e  o r i g i n a l  s t r a t i g r a p h i c  hor izon  may have extended from a t  l e a s t  t h e  

Red Dog Creek a r e a  on t h e  west  t o  the Drenchwater Creek a r e a  on t h e  e a s t .  

B a r i t e  d e p o s i t s  

Nodules of b a r i t e  a r e  widely  bu t  s p a r s e l y  d i s t r i b u t e d  throughout 

t h e  Siks ikpuk Formation w i t h i n  t h e  s o u t h e r n  p a r t  of NPR-A, and geochem- 

i c a l l y  moderate c o n c e n t r a t i o n s  of b a r i t e  occur  i n  p l a c e r s  i n  t h e  s t reams 

and r i v e r s  d r a i n i n g  t h e  n o r t h e r n  f o o t h i l l s  of t h e  Brooks Range w i t h i n  

NPR-A. Typ ica l  v a l u e s  of barium i n  s t ream sediments  range from 1,000 

t o  more t h a n  5,000 pprn. Typica l  v a l u e s  f o r  barium i n  rock  samples range  

from approximately  200 ppm t o  more than  5,000 ppm, with es t imated  average  

values of 1,500 t o  2,000 ppm. It i s  assumed t h a t  the barlum i n  t h e  rock  

samples is  conta ined i n  b a r i t e ;  however, b a r i t e  has n o t  been i d e n t i f i e d  i n  

any of the analyzed r o c k  samples.  S e v e r a l  a l t e r n a t i v e s  e x i s t  f o r  t h e  

source  of b a r i t e  i n  t h e  p l a c e r  d e p o s i t s .  One source  might be r e s i d u a l  

c o n c e n t r a t i o n  of b a r i t e  from s p a r s e l y  s c a t t e r e d  nodules o r  d isseminated 

g r a i n s  i n  v a r i o u s  rock u n i t s .  An a l t e r n a t i v e  source  might be  r e s i d u a l  

c o n c e n t r a t i o n  of b a r i t e  from as y e t  u n i d e n t i f i e d  bedded b a r i t e .  



CONCLUSIONS 

Based on 1 9 7 7  f i e ldwork ,  much of t h e  s o u t h e r n  p a r t  of NPR-A shows 

a p o t e n t i a l  f o r  m e t a l l i c  m i n e r a l i z a t i o n .  Regional geo log ic  s t u d i e s  have 

def ined  a s t r a t i g r a p h i c  hor izon  w i t h i n  t h e  lower s t r u c t u r a l  sequence 

t h a t  i s  f a v o r a b l e  f o r  base m e t a l  ~ i n e r a l i z a t i o n .  New occur rences  af 

s p h a l e r i t e  and ga lena  were i d e n t i f i e d  a t  Drenchwater Creek, and b a r i t e  

nodules  and v e i n s  were found a t  numerous l o c a l i t i e s ,  

Four types  of r e g i o n a l  geochemical anomalies a r e  i d e n t i f i e d :  

(1) Zinc and silver r e l a t e d  t o  known massive  s u l f i d e s ,  

( 2 )  Barium r e l a t e d  t o  b a r i t e .  

(3)  Arsenic ,  l e a d ,  and s i l v e r  of unknown bedrock source .  

(4) Lead, zinc, and s i l v e r  of unknown bedrock source .  

Rocks having c r i t e r i a  f o r  minera l  p o t e n t i a l  a r e  shown on f i g u r e  1 7  

which o u t l i n e s  minera l  occur rences ,  geochemical anomalies, and t h e  

d i s t r i b u t i o n  of rocks  i n  t h e  lower s t r u c t u r a l  sequence.  S p e c i f i c  a r e a s  

w i t h  f a v o r a b l e  minera l  r e s o u r c e  p o t e n t i a l  are: (1) Drenchwater Creek, 

(2)  Koyaktot Mountain a r e a ,  ( 3 )  Driftwood area, (4)  Sp ike  Creek a r e a ,  

(5) Mount Bupto a r e a ,  and ( 6 )  Sphinx Mountain a r e a .  

RECOMMENDATIONS FOR FUTURE WORK 

On the  basis of t h e  1977 work, we b e l i e v e  t h e  fo l lowing  i n v e s t i g a -  

t i o n s  should be under taken t o  f u r t h e r  e v a l u a t e  t h e  minera l  p o t e n t i a l  of 

NPR-A: 

(1) Conduct g e o l o g i c a l  i n v e s t i g a t i o n s  of t h e  geochemical anomalies 

t o  i d e n t i f y  t h e i r  source  and areal e x t e n t .  

( 2 )  Expand r e g i o n a l  geochemistry t o  i n c l u d e  t h e  Utukok River and 

Lookout Ridge 1:250,000-scale quadrangles  t h a t  l i e  t o  t h e  n o r t h  of t h e  

a r e a  s t u d i e d  i n  1 9 7 7 .  



( 3 )  Make a t o p i c a l  study t o  i d e n t i f y  and eva lua te  the  source of 

the high barium values i n  the  reg ional  geochemical sampling. 

( 4 )  Conduct more d e t a i l e d  inves t iga t ions  i n  the Drenchwater Creek 

a rea  t o  eva lua te  the  ex t en t  of minera l iza t ion .  Those i nves t iga t ions  

should inc lude  geophysical and geochemical surveys. 

(5) Conduct more s t r u c t u r a l  and s t r a t i g r a p h i c  s t u d i e s  i n  t h i s  

mineral b e l t  t o  understand the  geologic s e t t i n g  and con t ro l s  of mineral i -  

zat ion.  
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TABLE 1. Sumnary site d e s c r i p t i o n s  

(See f iqu re ,  3 f a r  l o c a t i o n  o f  s i t e s ]  

Number of A n a l y t i c a l  r anges ,  ppm 
analyzed 

Area Mine ra l i za t ion ,  rocks ,  and s t r u c t u r e  zn Pb Ba Ag samples - - - - 
1. I n a c c e s s i b l e  I r o n  and copper s t a i n i n g .  Local marcas i t e .  Yellow c l a y  5 Nt 10-20 700- N 

Ridge p a r t i n g s  i n  c h e r t  n e a r  c o n t a c t  between Lisburne Group and >5,000 
Siksikpuk format ion.  I n t e n s e l y  fo lded  and f a u l t e d  

2. Spike  Creek I r o n  s t a i n i n g  near  c o n t a c t  o f  Lisburne Group and Siks ikpuk 12 
formation. Dark s h a l e  and c h e r t  o f  Lisburne Group. Gray- 
maroon s h a l e  and c h e r t  o f  Siks ikpuk formation. I n t e n s e l y  
fo lded  and f a u l t e d  

Prominent i r o n  s t a i n i n g .  Local spa r se  b a r i t e .  Gypsm- 
bear ing l igh t - co lo red  sha le ;  dark c h e r t  and dark  s h a l e  
of  Lisburne Group and Siks ikpuk formation. I n t e n s e l y  
deformed 

3. Kagvik 
Creek 

4.  E l b o w  Creek I ron-s ta ined,  yellow c l ayey  s o i l  a t  c o n t a c t  between maroon- 
g ray  c h e r t  o f  Siks ikpuk format ion and b lack  c h e r t  of  Lis-  
burne Group. Two s e c t i o n s  o f  fo lded  rocks  o f  lower 
s t r u c t u r a l  sequence sepa ra t ed  by Cretaceous  s h a l e  and 
sandstone 

5. Cher t ch ip  Prominent i r o n  s t a i n i n g  v i t h  orange, c l ayey  s o i l .  Green- 
Creek gray c h e r t  o f  Siks ikpuk formation and Cretaceous  mudstone. 

C lose ly  spaced s t r u c t u r a l  r e p e t i t i o n s  a f  u n i t s  

6. Sorepaw Red, i ron - s t a in  s o i l s  on b l a c k  s h a l e ,  c h e r t ,  and l imes tone  
Creek of Lisburne Group. Local i r o n  s t a i n i n g  i n  gray c h e r t  o f  

Shublik formation. I n t e n s e l y  fo lded 

7 .  Rampart Br ight  orange i r o n  s t a i n i n g .  Black c h e r t  o f  Lisburne Group 
Creek and o l ive -g ray  mudstone of Siksikpuk formation. I n t e n s e l y  

fo lded  

8. Ro l l ing  Pin I r o n  s t a i n i n g .  Local t h i n  b a r i t e  seams. Gray-maroon c h e r t  
Creek o f  Siks ikpuk format ion.  I n t e n s e l y  fo lded  

9. Drenchwater I r o n  s t a i n i n g .  Dark s h a l e ,  c h e r t ,  and mafic  t u f f  o f  Lis-  
Creek burne Group. I n t e n s e l y  f a u l t e d  t e c t o n i c  b r e c c i a  

10.  Kiligwa River I ron-s ta ined,  orange,  c l ayey  s o i l .  Maroon-gray s h a l e  and 
gray c h e r t  of Siks ikpuk formation. S t r u c t u r a l  r e p e t i t i o n  
o f  u n i t s  

11. S a f a r i  
Creek 

I ron-s ta ined,  orange and r e d  s o i l .  Spa r se ,  r i c h  concentra-  
t i o n s  o f  b a r i t e  nodules. Gray-olive c h e r t  and s h a l e  o f  
Siks ikpuk formation. Th in ly  bedded l imestone i n  d a r k  
c h e r t  o f  Lisburne Group. C lose ly  spaced s t r u c t u r a l  repe-  
t i t i o n s  of  u n i t s  

*N means none de tec t ed .  
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APPROX 
GENERALIZED COLUMNAR SECTION OF THE 

THICKNESS L O W E S T  S T R U C T U R A L  SEQUENCE SOUTHERW NPRA 
IN ETERS) 

L i t h i c  sandstone, mudstone, and shale. Minor 
conglomerate. T u r b i d i t e  cu r ren t  s t ruc tu res .  
Pelecypod Buchia, p l a n t  fragments 

Chert, shale, and l imestone. Chert i s  dark 
t o  medium gray, weathering 1 ight -01 ive-gray 
r a d i o l a r l a n  r ibbon c h e r t  i n t e r l a y e r e d  w i t h  
b lack shale. Limestone i s  r d i m  gray, t h i n  
bedded, very f i n e  grained and genera l l y  fos- 
s i l  i f e r o u s  w i t h  pelagic  pelecypods--nonot:s 
and Halobin. About 100 m t h i c k  

Ol ive-gray s i l i c e o u s  shale, mudstone, a r g i l -  
1 i t e ,  and cher t .  Maroon and green a r g i l l a -  
ceous s t r a t a  a re  h i g h l y  cleaved w f t h  a r g i l -  
l i t i c  Sheen on surfaces, Gray t o  greenish 
gray r a d i o l a r i a n  r ibbon cher t ,  knobbly and 
w i t h  rose t tes  o f  m r c a s i t e .  weathers mroon,  
orange, and shades o f  green and ye1 low. For- 
mation i s  about 100 t o  150 m t h i c k .  B a r i t e  
nodules. lenses, and vefns i n  many places 
a re  conspicuously on a rg i l l aceous  t a l u s  
slopes. Local ly ,  formation b r i g h t l y  
s ta ined r e d  

Main ly  black s i l i c e o u s  shale and r a d i o l a r i a n  
r ibbon cher t .  Thin beds and laminae o f  l i g h t -  
gray t u r b i d i t e s  and tuffaceous mate r ia l  i n t e r -  
layered w i t h  shale and c h e r t  occur i n  narrow 
sect ions o f  the  formation. Local ly ,  i n t e r -  
mediate t o  nmfic t u f f  associated w i t h  i n t e r -  
mediate t o  mafic massive p o r p h y r i t i c  flows 
and breccias. T u f f s  are cemented by vary- 
i n g  amounts o f  c a l c i t e  and quar tz  and con- 
t a i n  c h e r t  pebbles t h a t ,  together  w i t h  l a y -  
er ing,  i n d i c a t e  submarine o r i g i n .  Except 
f o r  s h e l l y  f o s s i l  fragments (mainly c r i n o i d s )  
t h a t  comprise t h i n  beds of c l a s t i c  l imestone, 
pe lagic  f o s s i l s  a re  r a d i o l a r i a ,  sponge sp ic-  
ules, and abundant t r a c e  f o s s i l s  o f  Nsreites 
type. Local ly ,  galena, spha le r i te ,  and 
p y r i t e  occur i n  veins and lenses. F o m t i o n  
i s  about 250 m t h i c k  

*Pre l jminary ages o f  f o m t i o n s  determined by 
r a d i o l a r i a  (David L. Jones, o r a l  cornnun., 1978). 

BASE OF SEC- 
TION NOT 
EXPOSED 



FIGURE 5. -Sumnary s t a t i r t l c s  f o r  23 elements detected i n  t h e  
574 samples of -30 mesh stream sediment frm t h e  
nor thern  pa r t s  o f  the Misheguk Mountain and Howard 
Pass quadrangles, Alaska. Seven a d d i t i o n a l  elements 
sought b u t  not found i n  these samples are, w i t h  t h e i r  
lower l i m i t  o f  detect ion:  As 200, AU 10, B i  10, 
Cd 20, Sb 100, Sn 10, and W 50. The values f o r  the  
minimun, maximun and mean a r e  i n  percent  f o r  Fe, Mg, 
Ca and T i ,  and i n  p a r t s  per m i l l i o n  f o r  t h e  o t h s r  
elements. The g e m e t r i c  mean and d e v i a t ~ o n  15 o n l y  
g iven where a reasonable est imate i s  poss ib le ;  t h a t  
is ,  where the  number of observat ions f a l l i n g  i n  t h e  
indeterminate ca tegor ies  o f  N, L, or G i s  n o t  targe. 
Where the  mean and d e v i a t i o n  a r e  g iven  i n  t h e  pres- 
ence o f  the indeterminate categor ies,  an a r b i t r a r y  
va lue e i t h e r  two r e p o r t i n g  steps above o r  below the  
l i m i t s  o f  the  a n a l y t i c a l  method, as appropr ia te,  have 
been s u b s t i t u t e d  f o r  t h e  indeterminate. 

Number outst 
Chemical o f  r a n g d  

s p b r r l  W L 6 

- - -  - -  - 

Number Geomtr fc  
of Mtnimm k x l m u  Hern Dcvi r t lon 

observations 

574 1 15 5.7 1.6 

571 0.1 10 0.93 2.1 

574 0.05 20 0.44 3.2 

574 0.1 1 0.45 1.7 

571 100 6 5000 1500 1 .B 

9 H 0.5 2 

564 N 10 200 71 2.1 

5 3  20 G 20,000 2600 4.7 

532 W 1 5 1.6 1.6 

564 L 5 200 29 1.7 

571 I b 6 5000 160 2.6 

573 L 5 3W 57 1.9 

348 11 20 150 

13 W 5 10 

2 W 20 30 

574 10 30MI 94 1.7 

51 1 1 1 0  150 18 2.1 

574 5 70 19 1.5 

473 1( 100 1500 110 1.9 

574 20 5W 170 1.5 

Sf2 N 10 100 31 1.4 

43 N 200 I OM) 

573 n 10 so0 160 1.5 

IN, none detected . 
1. present i n  an amount less than the  lowest standard. 

G. ?re than the highest standard. Tht value o f  the highest standard i s  indicated i n  thc ' ~ x l ~ '  
column. 



FIGURE 6. --Sumnary s t a t i s t i c s  f o r  25 elements detected i n  t h e  
574 samples o f  nonmagnetic heavy-mineral concentrate 
frm the  nor thern  p a r t s  o f  the Misheguk Mountain and 
Howard Pass quadrangles, Alaska. F i v e  a d d i t i o n a l  
elements sought b u t  n o t  found i n  these samples are, 
( w i t h  t h e i r  lower l i m i t s  o f  de tec t ion ) :  Au 10, B i  10, 
Cd 20, Sb 100. and W 50. The values f o r  t h e  minimum, 
maximum,and mean a r e  i n  percent f o r  Fe, Mg, Ca and T i .  
and i n  p a r t s  per m i l l i o n  f o r  the  other  elements. The 
geometric mean and d e v i a t i o n  i s  o n l y  g iven  where a 
reasonable est imate i s  possible; t h a t  i s ,  where the  
number o f  observat ions f a l l i n g  i n  the  indeterminate 
categor ies o f  N, L, o r  G i s  n o t  large.  Where t h e  
mean and d e v i a t i o n  are g iven i n  the presence o f  the  
indeterminate categories, an a r b i t r a r y  va lue e i t h e r  
two r e p o r t i n g  steps above o r  below t h e  l i m i t s  of the 
a n a l y t i c a l  method, as appropr ia te,  have been s u b s t i -  
tu ted  f o r  t h e  indeterminate. 

Number outs de Number G e e m t r i c  
Chemical of r a n g d  o f  M i n i m n  M a x i m  k r n  Devia t ion  

symbol N L 6 o b s e r v a t i ~ n s  

IJ H. none detected 

1. present I n  an amount l e s s  than the  lowest standard. 

6. mre than the  highest standard. The value o f  the h5ghest standard i s  ind ica ted  I n  the 'maximum* 
c o l m .  



Appendix A 

T r a v e r s e  C r o s s  S e c t i o n s  

1. Red Dog Creek 

2.  A t n e e r i c h  Creek 

3 .  I n a c c e s s i b l e  Ridge (western edge n e a r  K e l l y  River) 

4. I n a c c e s s i b l e  Ridge ( w e s t e r n  edge n o r t h w e s t  o f  Kagvik Creek )  

5 .  I n a c c e s s i b l e  Ridge (main ridge n o r t h  o f  Kagvik Creek) 

6. I n a c c e s s i b l e  Ridge ( s o u t h  of main r i d g e  and n o r t h  o f  Kagvik 
Creek  

7 .  Elbow Creek 

8. C h e r t c h i p  Creek (near Nuka R i v e r )  

9.  South  C h e r t c h i p  Creek 

10.  Nuka River 

11. Nuka Ridge ( s o u t h e a s t  p a r t )  

12. Nuka Ridge (northeast p a r t )  

13 .  Sorepaw Creek 

14 .  Headwaters  o f  R o l l i n g  P i n  Creek 

15. North R o l l i n g  P i n  Creek  

16. Drenchwater Creek 

17. Ridge between False Waqer and Waqer Creeks  

18. Nor th  o f  Drenchwater  Creek 

19. Northeast t r i b u t a r y  of Wager Creek  

20. S a f a r i  Creek 

Formation o r  U n i t  S y m b o l s  

Trs- Shublik Formation 

P s -  S i k s i k p u k  F o r m a t i o n  

M1- L i s b u r n e  G r o u p  ( D a r k  c h e r t  a n d  s h a l e  facies) 







3 .  INACCESSIBLE R I D G E  (WESTERN EDGE N E A R  K E L L Y  R I V E R )  

I 

Unit Estimated 1 
Rock u n i t  number thickness Descrlptton 

Utukok 1 > I30  m Buff-weathering limestone and sandy l imestone; 
crinolds and brachiopods f, 

' )' , . , I  ':. ' ' 

20-100 m Gray- t o  brorm-weathering, gray chert wi th Shubl i k 2 
shale partings; mnot is  

45-65 m Gray shale and sil iceous shale, highly frac- Siksikpuk 3 
tured and folded 

70 m Gray or maroon shale, Intercalated sil iceous Si ksi kpuk 4 
shale and chert  beds 

I I )  I I ' 
1' 

', , 

De Long Mountains 
1:250,000 





4 .  I N A C C E S S I B L E  R I D G E  ( W E S T E R N  E D G E  NORTHWEST OF K A G V I K  C R E E K  

M Wwr W s  - t f  n t l y  tmlP.l, d l r g ~ y ,  lutAIt.O, In la kdad (rl-1 cmrt 14th -1. and sMIy IntaVMs, 
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hit Est lmted  
Rock unj t  nmber thsckness 

Siksikpuk 1 9 5  o 

2 70 UI 

Siksikpuk 3 125 m 

4 20 m 

Shubl i k 5 >45 m 

Si ks l  kpuk 6 15 m 

S i  ks l  kpuk 7 30 m 

Utukok/ 8 >300 m 
Kogruk 

Description 

Brown- and gray-weatherhg gray chert  

Calcareous green1 sh-gray 11 th lc  wac ke 

Gray and maroon, well-bedded shale and chert 

L i t h i c  uacke 

Gray well-bedded chert wi th hnotis 

Gray thin-bedded chert 

Gray well-bedded chert 

Light-gray-weathering l i m s t o n e  with few 
black chert  nodules; buff-weathering thin-  
bedded limestone in f loat a t  base 

Misheguk Mountain 
1: 250,000 



6. I N A C C E S S I B L E  R I D G E  ( S O U T H  Of M A I N  R I D G E  A N D  NORTH OF K A G V I K  C R E E K )  

. . - .  
t 

3 4 7  

? a,,. 

* 41- 7 a w -  

j n-- G-- 
M a  - 

h i t  t s t i v t e d  
Rock u n l t  nrrber thlcknas& 

Utukok 1 , 2 M I m  

SIkstkpuk 
And 

Llrbumo 

Uurbllk 

Buff -watherlng sandy I laestone and do lml te ,  t h i n  shale and bandslone 
near base; c r lmlds .  brachlopods. and gastrnpods 

Thln-bddd, poorly Indurrted gray r h h e  and wdston* 

b a y  mb dark-pray chert, hlghly fractured, boudtns o f  gray l l r u r t m a  

k s t l y  gray chert a t  top gradlng h Into o)lre-gray shale 

Black chert md  I lnertona gradlng dxm to black shale u l t b  few t h i n  
l l w s t o r u  beds; ye l l a r  c lay  <I thick at  tap 

Gray shale and sl l lceour slule, far gray chart  beds 

b l l ~  clay b d  Dn black-~l)-bed&d ChhPrt 

b a y  sh l le  #ad III ICWUS s h l e i  Intercalated gray chert beds 

Sray s h l a .  black chert. u i d  y s l l w  clay; s t n r k r r a l l y  coq lax  

Gray-bmm-wathertng gray chert. h lgh ly  fractured 

Gray and umcn shale; Intercalated cher t  beds 

6r4y chart 

6ray awl u r m n  shah 

Misheguk Mountain 
1:250,000 



7. ELBOW CREEK 

Un4t Estimated 
Rock unl t nunber thickness Descrtpt ion 

S i  kstkpuk 1 50 m Interbedded gray chert and gray t o  
maroon shale, many fo lds 

Lisburne 2 110 m Hostly black or dark-gray well-bedded 
chert 

3 2 m Yellow clay sol1 zone 

4 >I75 m lnterbedded l i t h i c  wacke and gray 
mudstone 

Misheguk Mountain 
1:250,000 











Mostly cownd; float wid n I m r  outcrop enflrely dark shah 

k ) t i co lo red  chert. chiefly rroon md dark gray 

One dtrttrcttva btd of calcarmus q u r r t z - f a l b p r  'grit' (prmuba congloarhta) 

hlt lcolond-artoon, &rk-gray. arid green chert and L r l r - s l i t #  shale 

Chcrrmus qurrta-leldrprr "grlt" and rrentt.; Interbeddod smdy #Illrrton*. Porrlbly 
the r u  as unit n u k r  1 

Pm-ced c h n  s In dip  f n  slul lo*  routhwrd (t35') t o  i n t a n d l r t e  (we) aorthurd. 
L l t i co lo red  qavarlegat4d') a d  pray chert and dark shalt 

Misheguk Mountain 
1:250,000 



1 3 .  SOREPAW C R E E K  

Shubl i k  

Sikslkpuk 

Ltsburne 

L l &urn4 

Dcrcrlptlon 

L I th lc  rick. uith Intercalated wdstona; f a  coacretlo~r 

Black chert, rhalo, md tbln I i m e s l m  Mr; lacrl ormw 
l o l l  

Llght-gray- and b m - r c a t h e r l n g  chert 

Black r h l e  r l t b  lnfercrlatad beds o f  sl l lcrous ilulr. 
chert, md llmstona 

6ray chert 

C ~ l c r r m u s  urcke and a d s t m e  

Ltght-cream or gray-ueatkrlng. gray or green chert; tau 
Itustone &dr and Iocrl pyrtt lc chart; amtir 

#m and gray shale 

Blrck wll-bedded chert, few blaclr shrla plrttngr; local 
yellow-uealherlnp clay zones 

InterDPddPd black cbrrt. slllceous black s h l e .  u l d  l ight-  
9r4y limestone 

Misheguk Mountain 
1: 250,000 





Unit 
number Thickness Lm) 

60 

FAULT 

80 

F A U T  

110 

FAULT 

120 

90 

Descrtption 

Dark-gray chert wi th mlnor red-weathering dolomftic interbeds 

Maroon and green a r g i l l t t l c  shale; weathers into spfndles; minor 
gray and green chert; t i gh t  t y  folded 

Extremely broken flyschofd sandstone and f i s s l l e  shale; although 
sandstone beds are thlck, no bed I s  cont4nuous--sandstone acts 
as boudlns i n  a sheared matrix o f  welt cleaved shale. ("8roken 
Fomtlon' s ty le  o f  deformation. ) Minor carbonaceous debris 

Dark-gray, evenly bedded chert  and shale; strongly Iron-stained 

Variegated maroon and green shale and Ifght-gray chert; contact 
with uni t  number 4 i s  accordant but may be a f au l t  inasmuch 
as there i s  an iron-stalned zone 4 m nlde adjacent to  i t  i n  
dark chert  

Howard Pass 
1: 250,000  





16. D R E N C H W A T E R  C R E E K  

Formation, 
unit number 

SIKSIKPUK 

1 

2 

3 

SHUBLIK 

4 

5 

CRETACEOUS 

6 

SHUBL IK 

7 

SIKSIKPUK 

8 

LISBURNE 

9 

10a 

Estimated 
thickness ( m l  Description 

60 Gray-, green-, and red-weathering chert  

40 Platy to  a r g i l l i t i c  nudstone, mostly gray 

25 Red and g r m  chert 

20 Gray t o  buff shale, in part  platy and l i m y ;  t igh t ly  folded 

15 Chorty ll#icstone and dolomite with ~ n o t i r  

Intensely deformed shale and sandstone in f a u l t  zone; shale with sheen o f  pervasive 
sllckensides; sandstone in boudins tha t  may be detached noses o f  isocl ines;  plant 
f o s s i l s  

Limestone; cherty limestone; dolomits; with nonotis 

h o t l y  varlcgated shale and s i l iceous mudstone, with one prominent bed of gray chert  
near middle 

Dark-gray, evenly bedded chert: t ransi t ional  downward Into 10 

Recrystallized dark-gray chert  with abundant quartz m i c r o v t i n l t t ~  but no vis ible  
sulf ides 

Oark-, pulrky-weathering shaie  with pmmfnmt p s s a n  tha t  t ransects  cleavage; i r regular  
barite-rich breccia up to  2 m thlck beneath gossan and above strongly al tered l i t h f c  
crystal  tu f f .  (Actually breccia and tuff  zones consis t  of complexly interleaved 
tu f f  and breccia; cannot deternine individual beds) 

Horlzons of a l t e red  gray chert  with sulf ides 10 to  20 m thick separated by trio beds 
of tu f f  b m c l a  with c l a s t s  of dark chart  5 m to  2 m thlck 

Dark-gray s l l i c w u s  mudstone, weathers blocky; perhaps w r t l y  chert  

Dark-gray chert ,  par t ly  imn-stained. Resistant uni t  fonning prominent ledge cross- 
Ing stream 

Olrk s i l  iccous mudstone. poorly expased, watDers into dark soil-covered slope; 
p m i n m t  tone of sphalerite/galena/pyrita nodules" in upper parts ;  mineralized 
veins in the nodules t r a n s ~ t  cleavage nearly a t  r igh t  angles and recement the 
mck. In places, chert  fragnmnts form a breccia tha t  i s  cemented by sphaler i te  





18.  NORTH OF D R E N C H W A T E R  C R E E K  

Unit 

7 Bs 

Estlmted 
Chlctness ( m l  

50 

FAULT 

62 

3 

FAULT 

25 

50 

k s c r i ~ t i o n  

Cherty limestone and shale, green t o  bu f f  weathering, with -notis 

Mostly gray to  green chert w i t h  12-m-thick zone in  center o f  altered. 
Imn-stained shale cored by a fe ls ic 5111 

Cherty 1 larestone. green t o  buff weathering, w i t h  wonotis 

Green- t o  llght-gray-weathering chert and shale, m o s t l y  a1 tered and 
Iron-stained; recrystall ized, with cross veinbets o f  t iny quartz 
euhedra 

Same as un i t  nuarber 5 

Same as unit  nmber 4 

Upper 15-20 a o f  dark 1 testone, platy limestone, and dark sooty 
shale, succeeded dowrward by thick-bedded dark chert wi th 
I ighter laminae. Mlnar  red-weathering dolomite 

Howard P a s s  
1: 250,000 





Fonat ion,  
u n i t  number 

SHUBLIK? 

1 

CRETACEOUS 

8 

SHUBLIK 

9 

SIKSIKPUK 

10 

CRETACEOUS 

11 

SNUBLIK 

12 

SIKSIKPUK 

13 

SHUBLIK 

14 

SIKSIKPUK 

15 

LISBURNE 

16 

CRETACEOUS 

17 

SHUBLIK 

18 

SIKSIKPUK 

19 

SI KSIKPUK? 

20 

SIKSIKPUK 

21 

LISBURNE 

23 

1 9 .  NORTHEAST T R I B U T A R Y  OF WAGER C R E E K  

Thickness (d Descript ion 

30 Variegated shale, poorly exposed 

20 Two res is tan t  s t ra ta  o f  l i m y  chert separated by 5 m o f  dark shale 

40 b s t l y  dark gray shale; strongly folded 

30 Dark, evenly bedded cher t  

20 Interbedded dark shale and cher t  

70 T igh t l y  folded dark char t  w i th  minor scattered limestone beds 

40 Dark chert, s t rongly  a1 tered w i th  py r l te ;  one t h i n  bed o f  apparent fe l s i c  c rys ta l  
t u f f  

FAULT 

Very f i s s i l r  shale, s i l t s tone ,  and micaceous sandstone; very t i g h t l y  folded, sand- 
stones a c t  as boudins; numerous r i p p l e  marks and p lan t  fragments 

T igh t l y  folded cherty limestone w i th  nonods above; dark shale below 

Medium-gray and green cher t  and slate; bedding i r r e g u l a r  

FAULT 

Very t i g h t l y  folded shale, s i l t s tone ,  and micaceolrs sandstone; same as u n i t  number 8 

Cherty 1 Ims tone  w i th  nonotis above; creamy t o  dark shale below 

Hedirmtgray and green cher t  and slate; Sam as u n i t  number 10 

FAULT 

Thinner section o f  nonacts-bearing cher ty  limestone and shale; same l i t h o l o g y  as 
u n i t s  9 and 12 

Samc as u n i t  10 and 13; d i s t i n c t i v e  lac ing  o f  vefn lets  w i th  randomly orfented b a r i t e  
c rys ta l s  

Dark. evenly bedded cher t  

FAULT 

I s o c l l n a l l y  folded dark s la tey shale. I n  pa r t  dolomftic. w i th  minor sandstone. 
Sandstone f o l d  nose: are " f l oa t ing "  i n  i n t m s a l y  deformad shale--could be termed 
r 'broken f o m t i o n  

Sam as u n i t s  9 and 12 

Unusually th i ck  section of apparent Siksikpuk l i t h o l o  y nodular gray and green 
cher t  and dark-gray shale (some nodules are py r i t i c7 . :  T igh t l y  folded i n  places; 
Unusual thlckness rnay be due to repe t i t i on  by fo ld lng  o r  fau l t i ng .  Gradational 
downward i n t o  u n i t  rider 20 

Dark and thick-bedded chert. i n  pa r t  shaly 

Variegated medium-gray, green, and maroon cher t  and shale; dark shale i s  conspicuous 
and un l i ke  the "n0nMl" SI tsikpuk t i t ho togy  

Strongly imn-sta ined and oxidized variegated slate, chert,  and a r g i l l l t i c  mudsfone; 
s u l f u r  stained and m l l y  s o i l  covered 

50 Oark-gray cher t  wi th  i o r  p la ty  limestone beds; unmintral ized 24 
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Appendix A 

Tables of semiquantitative spectrographic analyses of rock, soil, 

and stream-sediment samples. 

Abbreviat ions:  R - Rock sample 
SS - Stream-sediment sample 

S - Soil sample 
Abbreviations are listed in left-hand part of column 

marked Tag. No. 























; REPORT NO. 3 1 ' /  . v <LC( )  d . r .  r . ,  c 
1 1  

J _  _ 
I I 

( 0 5 )  (.021 (.05) (.002) (10) (.5) (200) (10) (10) (201 (11 (10) (20) 1 ( 5 )  (10) ( 5 )  (201 ( 5 )  (20) ( 5 )  ' Tag g Ca % ( T i  % k ( Ag AS AII I3 ! Ba Be 01 Cd Co Er Eu Ca Mo Nb H i  

/ / / / / / / / / / / / /  71-78 1-7 8-14 15-21 22-28 29-35 36-42 43-49 50-56 57-63 64-70 1-7 8-14 15-21 22-28 29-35 36-42 43-49 50-56 57-63 64-7r 

I..._ _ .-\. . _ _ , _ . _ - l -  

R H N R K S :  Fe, Mg,.Ca, and T i  reported i n  t ;  a l l  other elements reported I n  ppm. Results a r e  in  the ser ies 1 ,  1.5, 2. 3 ,  5 .  7 ,  10, etc. 
Loner 1 i m ~  t s  o f  deterrnnat ion are in  parentheses. 
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ANALYST j=',t\i.T:T(~t.J , -ic. I- G C  I2 
Shee t#?  - 

: G = Gradter than value shown. N = Not detected a t  l i m i t  o f  detect ion,  or a t  value shown. L = Detected, but below l i m i t  of  determinittion. or  below value showr 



















FILM NO. L _ - - y , ? - q j  

REPORT NO. 7. lye 8 
SEMI-QUANTITATIVE SPECTROGRAPHIC AEU\LYSIS--8RANCH OF EXPLORATION RESEARCH Sheet ~1 

1 1  
6-Step D . C .  Arc 














