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G E O L O G Y  A N D  G E O C H E M I S T R Y  

I N  T H E  S O U T H E A S T E R N  P A R T  O F  

T H E  C O S M O S  H I L L S ,  

S H U N G N A K  D - 2  Q U A D R A N G L E ,  A L A S K A  

Crawford E .  F r i t t s  

A B S T R A C T  

Recent detai 1 ed geologic mapping and geochemical sampling in the Cosmos Hi 11s revealed 
new information about stratigraphy, s t ructure,  metamorphism, and mineralization. The 
area studied i s  f ive miles south of Bornite, Alaska. Four main stratigraphic forma- 
t ions ranging in age from Early Paleozoic to  Cretaceous are recognized. The most impor- 
tant  geologic s t ructure i s  a window 20 miles long and f ive to  eight miles wide bounded 
by two major low-angle overthrust faul ts .  Lower and upper plates of a1 lochthonous rocks 
of Early Paleozoic and Cretaceous ages, respectively, have been thrust over autochthonous 
dolomi t i c  limestone of Middle Devonian age. The 1 imestone contains chalcopyrite, borni t e ,  
and chalcocite of .economic interest  a t  Bornite. Overthrust faulting was preceded by 
emplacement of granite,  doming, progressive regional metamorphism, and block faulting in 
Cretaceous time. The overthrust faulting was accompanied by dynami c metamorphism and 
followed by high-angle faulting in post-Cretaceous time. No evidence was found to show 
tha t  copper mineralization accompanied emplacement of the granite. Placer gold deposits 
of Pleistocene age have been most productive on streams characterized by gradients of 
150 to  200 fee t  per mile in areas underlain mainly by phyl l i te  cut by quartz veins. Jade 
(nephrite) derived from small bodies of highly sheared serpentinite i s  recovered from old 
placer t a i  1 ings. The serpentinite also contains noncommercial quantities of magnetite, 
chromi t e ,  and asbestos, as well as traces of cobalt and nickel. 

I N T R O D U C T I O N  

The Alaska Division of Mines and Geology continually collects and evaluates geological 
and geochemical data in parts of the State  known or thought to  offer the greatest  poten- 
t i a l  for  development of mineral resources. The Cosmos Hills in western Arctic Alaska 
contain the largest known undeveloped copper deposit in the State.  This report describes 
geological mapping and geochemical sampling done i n  the Cosmos Hills in 1968. 

LOCATION AND ACCESS 

The Cosmos Hills form an isolated highland 10 x 27 miles near the southern flank of the 
Brooks Range about 300 miles northwest of Fairbanks. These h i l l s  r i s e  from 400 to as 
much as 3440 fee t  above sea level. They extend east  southeast across the boundary be- 
tween the Ambler River and Shungnak quadrangles. T h i s  report concerns mainly the north- 
ern third of the Shungnak D-2 quadrangle, which contains approximately 113 of the Cosmos 
Hills ( f ig  1) .  





Access t o  the  mapped area i s  main ly  by a i r ,  b u t  p a r t l y  by road and water. A l a r g e  
grave l  landing s t r i p  was maintained by Wien Consol idated A i r l i n e s  a t  Dahl Creek 
dur ing June and J u l y  1968. S i m i l a r  s t r i p s  are maintained a t  the  v i l l a g e  o f  Kobuk 
and a t  Born i te ,  the exp lo ra t i on  camp o f  Bear Creek Min ing  Company and Kennecott 
Copper Corporat ion. These communities are  immediately south and f i v e  mi les  n o r t h  
of t h e  mapped area, respec t i ve l y  ( f i g  1 ) .  A good gravel  road extends from Borni t e  
t o  Dahl Creek and t o  t h e  mining companies' Kobuk R iver  landing ( f i g  2, i n  pocket). 
A poorer road extends from Dahl Creek t o  Kobuk, which i s  the easternmost p o i n t  
reached by tugboats and barges on the  Kobuk River .  Cat t r a i l s  lead t o  o l d  p lace r  
workings on Dahl and C a l i f o r n i a  Creeks, b u t  on l y  the Dahl Creek t r a i  1  i s  i n  reason- 
ab l y  good cond i t ion .  The cen t ra l  and eastern p a r t s  of the  area, respec t i ve l y ,  can 
be reached from Kobuk by canoe v i a  the  Kogoluktuk R iver  and by f l o a t  plane v i a  
Ko l l i oksak  Lake ( f i g  1 ) .  

PURPOSE AND FIELD WORK 

Review of geo log ica l  1  i t e r a t u r e  concerning the  Cosmos Hi 11s and consul t a t i o n  w i t h  
geo log i s t s  f a m i l i a r  w i t h  the  area revealed a  d e f i n i t e  need f o r  d e t a i l e d  i n v e s t i g a t i o n  
of l o c a l  bedrock. Bear Creek and Kennecott personnel had been engaged i n  i n t e n s i v e  
study o f  t he  copper depos i t  a t  Bo rn i te  s ince  1957, b u t  on l y  reconnaissance mapping 
of t he  Cosmos Hi1 1s by the  mining companies and by the  U. S. Geological Survey had 
been done p r i o r  t o  1968. While much a l ready was known about the area, a t  l e a s t  two 
major problems i n v o l v i n g  the  copper-beari ng s t r a t a  were con t rove rs ia l  and deserved 
f u r t h e r  a t ten t i on .  (1)  The copper depos i t  a t  Borni t e  was known t o  be s t ra t i g raph -  
i c a l  l y  c o n t r o l  led;  and was thought t o  be o f  1  ow-temperature hydrothermal o r i g i n .  The 
source o f  the  copper, however, was unknown. Maf ic  igneous o r  meta-igneous rocks were 
considered one poss ib le  source. However, recogn i t i on  o f  i n t r u s i v e  g r a n i t e  by the 
U. S. Geological Survey provided another poss ib le  source f o r  m ine ra l i z i ng  so lu t ions ,  
thereby i n d i c a t i n g  a  need f o r  f u r t h e r  mapping and geochemical sampling near the  g ran i te .  
(2 )  The copper-bearing s t r a t a  were known t o  t h i n  westward and t o  terminate ab rup t l y  
eastward near Dahl and R i l e y  Creeks. The th inn ing  and d i s t r i b u t i o n  o f  these s t r a t a  
could be expla ined e i t h e r  by eros ion before depos i t i on  o f  ove r l y i ng  formations o r  by 
fau l t i ng .  The poss ib i  1  i ty o f  ove r th rus t  f a u l t i n g  seemed espec ia l l y  important  t o  the 
present  w r i  t e r .  Eros ion presumably could have removed copper-beari ng s t r a t a ,  whereas 
f a u l t i n g  could have merely o f f s e t  them o r  covered them w i t h  o ther  rocks. De ta i l ed  
mapping o f  the Cosmos H i  11s , therefore,  seemed essen t i a l .  

De ta i l ed  geo log ic  mapping and geochemical sampling by t h e  D i v i s i o n  o f  Mines and Geol- 
ogy were undertaken as p a r t  o f  a  two o r  t h ree  year  s tudy o f  the e n t i r e  Cosmos H i l l s  
highland. Mapping was begun i n  the  Shungnak D-2 quadrangle, because t h i s  area offered 
(1) the  bes t  topographic base map, ( 2 )  the widest  v a r i e t y  o f  1  i t h o l o g i e s ,  (3 )  the most 
complex geo log ic  s t r u c t u r e ,  and (4 )  the  bes t  oppor tun i ty  t o  s tudy the  r e l a t i o n s h i p  
between t h e  emplacement o f  g r a n i t e  and the  deformation, metamorphism, and poss ib le  
m i n e r a l i z a t i o n  of adjacent s t r a t a .  

F i e l d  work was done on foo t  dur ing June, Ju ly ,  and August 1968. Most t raverses were 
made from camps near Dahl Creek and t h e  Kogoluktuk River .  B r i e f  reconnaissance a t  t h e  
eastern edge o f  the  area was a c c m  l i s h e d  from Ko l l ioksak  Lake. A l l  mapping was done 
a t  sca le  1:63,360 (1  i nch  = 1  m i l e  , b u t  data were compiled f o r  p u b l i c a t i o n  a t  scale 
1:48,000 ( 1  i n c h  = 4,000 f e e t ) .  

P 



This report was prepared primarily to  sumnarize the geology of the Cosmos Hills 
as known a t  the end of the 1968 f i e ld  season on the basis of detailed mapping in 
and near the Shungnak D-2 quadrangle. Important new data concerning regional 
stratigraphy, structure,  and geologic history are emphasized because of the i r  
significance in exploration in and near the western part of the Brooks Range. 
Economic geology and geochemistry i n  this quadrangle also are  discussed. Previous 
l i te ra ture  concerning copper mineralization a t  Bornite i s  reviewed brief ly  because 
i t  constitutes background material related to  the long-term study of the Cosmos 
Hills.  Mineralization a t  Bornite, however, was not studied by the writer in the 
f i e ld  in 1968. 
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PREVIOUS LITERATURE 

Prospecting, mining , and geological reconnaissance in the Cosmos Hi 11s have been 
described or mentioned i n  more than* 60 reports since the gold rush of 1898. However, 
many references are br ie f ,  and a t  leas t  15 are  unpublished. The available l i t e ra tu re  
has been summarized by the writer in annotated bibliographies concerning (1 ) copper, 
(2) gold, and (3)  serpent ini te ,  asbestos, and jade. They are f i l ed  a t  the off ice of 
the Division of Mines and Geology a t  College. Only the more important references to 
bedrock geology, mineralization, and mining  are mentioned here. 

Smith and Eakin (191 1 ) discussed early geological reconnaissance in the Cosmos Hi 11s. 
They described copper mineralization in 1 imestone near Ruby Creek and Aurora Mountain 
in the Ambler River quadrangle ( f ig  1 ) .  The authors pointed out that  similar southeast- 
trending limestone in the Shungnak D-2 quadrangle ends abruptly a t  the west bank of 
Dahl Creek ( f ig  2). They noted that  gold nuggets found a t  Dahl Creek exhibited much 
attached quartz, and that  specks of f ree  gold were vis ible  in f loa t  quartz on hi1 1s 
nearby. They concluded that  the placer gold was derived from auriferous quartz veins 
similar to  those which cut carbonaceous phyl l i t ic  schis t  in and near the bed of Dahl 
Creek. The authors mentioned the abundance of magnetite and the presence of chromite 
and native s i lve r  in the placer concentrates of Dahl Creek, and emphasized the almost 
complete absence of garnet. They also mentioned the presence of conglomerate, green- 
stone, asbestos, and jade i n  and near the Cosmos Hills. 



Smith and M e r t i e  ( 1  930) reviewed the  1 i ttl e-known geology of northwestern A1 as ka, 
b u t  t h e i r  d e s c r i p t i o n  o f  the Cosmos H i l l s  was based l a r g e l y  on t h a t  o f  Smith and 
Eakin (1911). They showed t h a t  rocks prev ious ly  r e f e r r e d  t o  as greenstone inc luded 
i n t r u s i v e  s e r p e n t i n i t e  as w e l l  as ex t rus i ve  rocks now r e f e r r e d  t o  as metabasalt  and 
metatuf  f. 

Reed (1932) described i n  de ta i  1 many o f  the  p lacer  mining operat ions i n  t h e  Cosmos 
H i l l s ,  i n c l u d i n g  those on Dahl, Lynx and C a l i f o r n i a  Creeks i n  the  Shungnak D-2 quad- 
rangle. Mining on those creeks began about 1898, 1912, and 1918, respec t i ve l y .  

Heide, Wright, and Rut ledge (1949) discussed sampl i n g  and mapping o f  several  asbestos- 
bearing s e r p e n t i n i t e  bodies i n  t he  Cosmos H i l l s ,  i nc lud ing  a l a r g e  one a t  Asbestos 
Mountain near t h e  southern edge o f  the  Ambler River  quadrangle. [Note: The name 
Asbestos Mountain on the  Shungnak D-2 quadrangle a c t u a l l y  app l ies  t o  a prominent peak 
immediately n o r t h  o f  t h i s  area.] The s e r p e n t i n i t e  body a t  Asbestos Mountain was 
i n t e r p r e t e d  as a C-shaped stock extending south t o  the mouth o f  Stockley Creek i n  t he  
Shungnak quadrangle, as shown by Coats (1943). Heide, Wright, and Rutledge (1949, 
f i g  4)  a lso  showed a s h e e t - l i  ke body o f  s e r p e n t i n i t e  beneath nietaconglomerate a t  the 
no r th  face o f  Inerevuk Mountain, and the authors i n f e r r e d  an unconformity beneath the 
se rpen t i n i  t e .  

Read and Lehner (1959) compiled a geologic  map o f  Lhe Cosmos H i l l s  f o r  Bear Creek 
Mining Company. The o r i g i n a l  map and r e p o r t  a re  c o n f i d e n t i a l  company proper ty .  The 
repo r t ,  there fore ,  has no t  been read by the  present  w r i t e r .  However, s i m p l i f i e d  
versions o f  t h e i r  -map were inc luded i n  repo r t s  by Runnells (1963, 1969). He and 
Chadwick (1960) discussed the general i n t e r p r e t a t i o n  o f  s t r a t i g r a p h y  and s t r u c t u r e  
presented by Read and Lehner. The f o l l o w i n g  summary o f  work by Read and Lehner i s  
taken from those discussions. 

Read and Lehner showed the general d i s t r i b u t i o n  o f  major l i t h o l o g i e s  i n  the Cosmos 
H i l l s ,  and recognized two s t r a t i g r a p h i c  ser ies .  T h e i r  lower se r ies  of Paleozoic age 
consis ted o f  a t h i c k  sequence o f  p e l i t i c  rocks, greenschists,  and greenstone o v e r l a i n  
by more than 2,000 f e e t  o f  1 imestone and dolomite, i nc lud ing  the copper-bearing s t r a t a  
a t  Born i te .  T h e i r  upper se r ies  o f  Mesozoic(?) age consis ted o f  a t h i c k  sequence of 
pel  i t i c  rocks and metabasalt  o v e r l a i n  unconfomably by metacongl omerate, graywacke, 
and s i l  ts tone.  The gross reg iona l  s t r u c t u r e  shown on the  map was a breached, doubly 
p lunging a n t i  c l  i ne o r  dome t rend ing  west northwest, 1 ocal l y  modi f i e d  by m i  nor  cross 
fo lds  and high-angl e f a u l t s .  Gran i te  and garnet i fe rous  muscovite s c h i s t  mapped near 
the  Kogoluktuk R ive r  were i n t e r p r e t e d  as basement rocks occupying a h o r s t  nea r l y  two 
m i les  wide, which was bounded by no r th - t rend i  ng f a u l t s  i n f e r r e d  along the  r e l a t i v e l y  
s t r a i g h t  s ides o f  the  g lac ia ted  r i v e r  va l l ey .  A l l  h igh-angle f a u l t s  i n  the  Cosmos 
H i l l s  were thought t o  be charac ter ized by displacements o f  n o t  more than a few hundred 
feet.  The o r i g i n a l  map, however, showed two low-angle ove r th rus t  f a u l t s  i n fe r red  by 
Lehner i n  t he  western p a r t  o f  the Cosmos H i l l s  above and below se rpen t i n i t e ,  which 
under l ies  metaconglomerate. 

Chadwi ck (1960) discussed t h e  geologic  s e t t i n g  and m i n e r a l i z a t i o n  o f  t he  copper 
depos i t  a t  Borni te .  The main pr imary copper minera ls  a re  cha lcopyr i te ,  bo rn i  t e ,  and 
cha lcoc i  te ,  which are  found i n  dolomi t i c  r e e f  brec:cia. He emphasized the  s t r a t i g r a p h i c  
c o n t r o l  of the  deposi t ,  t h e  low metamorphic grade o f  rocks i n  t he  v i c i n i t y ,  and the  
l ack  of s t rong hydrothermal a1 t e r a t i o n .  He concluded t h a t  the  deposi t  i s  o f  low-temper- 
a t u r e  hydrothermal o r i g i n .  He pos tu la ted  m ig ra t i on  o f  copper from mafic l ava  flows o r  
s i l l s  t o  t he  more permeable r e e f  b recc ia  dur ing a l a t e  s tage o f  reg iona l  metamorphism, 
and v i s u a l i z e d  m i n e r a l i z a t i o n  as a more o r  less  post-metamorphism process. He a l so  
mentioned t h a t  the magnetic expression of the s e r p e n t i n i t e  a t  Asbestos Mountain suggests 
a s i l l - l i  ke form r a t h e r  than the  s tock  i n f e r r e d  by prev ious authors. 



Runnel 1s (1963) made a  d e t a i l e d  study of m i n e r a l i z a t i o n  a t  Borni  t e  and discussed 
v e r t i c a l  as w e l l  as l a t e r a l  zoning o f  s u l f i d e s .  He showed t h a t  abundant p y r i t e  
associated w i t h  the  copper minera ls  i s  p a r t l y  sedimentary i n  o r i g i n .  On the  bas is  
o f  s u l f u r  i so tope s tud ies ,  he concluded t h a t  the  pr imary copper minera ls  and p a r t  
o f  t he  p y r i t e  are o f  low-temperature, magmatic, hydrothermal o r i g i n .  He pos tu la ted  
t h a t  t he  copper may have come from c h l o r i t i z e d  gabbro exposed about two m i les  south- 
east o f  Born i te .  He i n t e r p r e t e d  the  gabbro and copper m i n e r a l i z a t i o n  as post-meta- 
morphism i n  age. He a lso  repor ted  t h a t  spectrographic analyses o f  se rpen t i n te  from 
the Cosmos H i l l s  i n d i c a t e  a  composit ion s i m i l a r  t o  t h a t  o f  dun i te .  Much o f  t h e  work 
by Runnel 1s (1963) a l so  was discussed by Lu tz  (1963) and by Runnells (1969). I n  the  
l a t t e r  paper, the, author emphasized the  ep igenet ic  o r i g i n  o f  t he  copper deposi t ,  
b u t  s ta ted  t h a t  i t s  source i s  unknown. 

Berg and Cobb (1967) emphasized the  unce r ta in t y  about t he  o r i g i n  o f  copper minera ls  
a t  Borni te .  They st ressed two main p o s s i b i l i t i e s .  (1 )  The copper was der ived from 
nearby s t r a t i f i e d  rocks, became mobi 1  i zed  dur ing  reg iona l  metamorphism, and migrated 
t o  permeable dolomi te breccia.  (2 )  The copper was der ived from a  concealed magmatic 
source and was deposited from hydrothermal so lu t i ons .  The f i r s t  p o s s i b i l i t y  imp1 i e s  
a  mod i f ied  syngenetic o r i g i n .  The second imp l i es  an ep igenet ic  o r i g i n .  

Patton, M i  1  l e r  , and Tai  1  1  eur (1  968) prepared a  reconnaissance geo log ic  map o f  the  
Shungnak quadrangle and the  southern p a r t  o f  t he  Ambler River  quadrangle. Th i s  map 
shows the  general ized geology o f  the  Cosmos Hi1 1s a t  sca le  1: 250,000 ( 1  i nch  = 4 m i l es ) .  
I t  was espec ia l l y  use fu l  i n  planning the  D i v i s i o n ' s  f i e l d  work. The explanat ion 
inc ludes the 1  a t e s t  avai 1  ab le  pa leonto log ica l  and rad iomet r i c  data concerning the  
geologic  ages o f  rocks i n  the  Cosmos H i l l s ,  which range i n  age from Middle Devonian 
o r  o l d e r  t o  La te  Cretaceous. The authors showed t h a t  the  g r a n i t e  near t h e  Kogoluktuk 
R iver  i s  Ea r l y  Cretaceous i n  age, i n t ruded  the  adjacent p e l i t i c  s t r a t a ,  and metamorphosed 
them t o  garnet i fe rous  sch i s t s .  This  d iscovery revealed a  p rev ious l y  unknown poss ib le  
source f o r  m i n e r a l i z i n g  hydrothermal so lu t i ons .  The authors assigned a  Jurass ic  ( ? )  age 
t o  metavolcanic rocks t h a t  o v e r l i e  f o s s i l i f e r o u s  d o l o m i t i c  l imestone o f  Middle Devonian 
age. The Ju rass i c (? )  age i s  quest ionable, however, because the  map suggests t h a t  t h e  
metavolcanic rocks conta in,  o r  a re  i n t e r l a y e r e d  w i t h ,  un fau l ted  lenses o f  f o s s i l i f e r o u s  
l imestone o f  Devonian age. The map a l so  shows several  high-angle f a u l t s  i n  the  Cosmos 
Hi1 l s ,  bu t  does no t  show low-angle ove r th rus t  f a u l t s .  

S u r f i c i a l  geology and g l a c i a t i o n  i n  and near the  Cosmos H i l l s  were discussed by Fernald 
(1964) who mapped an o l d  moraine along the  f l a n k s  o f  the  Cosmos H i l l s ,  gene ra l l y  below 
800 f e e t  a l t i t u d e ,  and a  younger one i n  the v a l l e y  o f  the  Kogoluktuk R iver .  Reed (1932) 
i n f e r r e d  g l a c i a t i o n  i n  the  v a l l e y s  o f  Dahl and C a l i f o r n i a  Creeks, b u t  no c lea rcu t  evidence 
of v a l l e y  g l a c i a t i o n  the re  was noted dur ing the  recent  mapping. 

S T R A T I G R A P H Y  

Four main s t r a t i g r a p h i c  format ions were recognized i n  t he  course o f  t h e  recen t  mapping. 
Three a re  known o r  thought t o  be Paleozoic i n  age and have undergone progressive 
reg iona l  metamorphism of low t o  moderate grade. The f o u r t h  i s  Cretaceous i n  age and 
has undergone low-grade dynamic metamorphism. I n  general,  t he  Paleozoic s t r a t a  are  
exposed i n  the  cen t ra l  p a r t  o f  t he  Cosmos H i l l s  and a re  nea r l y  surrounded by the  
Cretaceous s t r a t a  ( f i g  1 ) .  Th i s  sequence o f  metamorphosed rocks, however, i s  compli- 
cated f u r t h e r  by doming near i n t r u s i v e  g ran i te ,  high-angle f a u l t i n g ,  and low-angle 
ove r th rus t  f a u l t i n g ,  which a re  discussed under the  heading "St ruc ture . "  



PALEOZOIC ROCKS 

P h y l l i t i c  s c h i s t  and r e l a t e d  rocks (Pzs, Pzc, Pzt,  Pzg) 

The lowest  s t r a t i g r a p h i c  fo rmat ion  cons is ts  o f  weakly t o  moderately metamorphosed 
p e l i t i c ,  calcareous, and vo lcan ic  s t r a t a .  I t  inc ludes  a predominant graywacke- 
bear ing,  p h y l l i t i c  s c h i s t  u n i t  (Pzs) , smal l  u n i t s  o f  c h r y s t a l l i n e  1 imestone (Pzc) , 
and smal l  t o  l a r g e  u n i t s  of greenschis t  and greenstone of probable metavolcanic 
o r i g i n  (Pzt,  Pzg). I n  some outcrops, these rocks are  a11 i n t i m a t e l y  i n t e r l a y e r e d  
o r  interbedded. The fo rmat ion  unde r l i es  as much as 25 square m i l es  i n  t he  nor th -  
c e n t r a l  p a r t  o f  t he  Shungnak quadrangle, and i s  more than 5,000 f e e t  t h i c k .  

P h y l l  i t i c  s c h i s t  (Pzs) - -  T h i n l y  bedded, graywacke-bearing p h y l l  i t e  and s c h i s t  
under1 i e  a t  l e a s t  20 square m i l es  i n  t he  mapped area. Beds less  than one i nch  t o  
more than one foo t  t h i c k  are obvious i n  many outcrops and r e f l e c t  main ly  v a r i a t i o n s  
i n  the  amount o f  muscovite and quar tz  present  i n  t he  rock  ma t r i x .  F o l i a t i o n  commonly 
para1 1 e l s  bedding. 

Typ i ca l  p e l i t i c  rocks such as p h y l l i t e  and muscovite s c h i s t  a re  c h a r a c t e r i s t i c  o f  
t h i s  u n i t .  The rocks cons i s t  ma in ly  o f  muscovite,  a l b i t e ,  and quar tz ,  w i t h  smal l  
amounts of c h l o r i t e  and carbonate. Garnet and b i o t i t e  are present i n  beds of 
appropr ia te  composit ion and metamorphic grade, b u t  b i o t i t e  i s  no t  p l e n t i f u l .  The 
abundance o f  muscovite and a l b i t e  i n  t he  rocks i nd i ca tes  a h igh  K and Na content ,  and 
t h e  comparat ive ly  smal l  amount o f  c h l o r i t e  and b i o t i t e  i n  them ind i ca tes  a low Mg and 
Fe content.  Accessory minera ls  are sphene, tourmal ine,  a p a t i t e ,  z i o s i t e ,  c l i n o z o i s i t e ,  
r u t i  l e ,  hemati te,  p y r i t e ,  and p y r r h o t i t e .  P y r r h o t i  t e  i s  most obvious i n  q u a r t z - r i c h  
s c h i s t  exposed i n  t h e  bed o f  C a l i f o r n i a  Creek immediately eas t  of massive greenstone 
(Pzg). The minera l  there  forms numerous lenses as much as 5 mn long p a r a l l e l  t o  
bedding and f o l i a t i o n .  

The p e l i t i c  rocks are charac ter ized  by abundant carbon and a gradual b u t  conspicuous 
increase i n  metamorphic grade toward i n t r u s i v e  g r a n i t e  (Kg). Phyl 1 i t e  exposed on the  
west bank o f  Dahl Creek i n  the  SE 1/4 sec. 10, T. 18 N.,  R. 9 E. ( f rom t h e  Kateel R iver  
reference p o i n t )  conta ins enough carbon t o  blacken the  hands and c l o t h i n g  of those 
hand l ing  t h e  rock. The phyl  l i t e  there  conta ins n e i t h e r  garnet  nor  a l b i t e  porphyro- 
b l a s t s ,  b u t  bo th  a re  abundant i n  beds o f  appropr ia te  composit ion east of the  Dahl Creek 
drainage basin.  Thus, near t he  Kogoluktuk R ive r  and i t s  t r i b u t a r i e s ,  the predominant 
rock  i s  f i n e -  t o  medium-grained muscovite s c h i s t  , con ta in ing  e i t h e r  garnet  o r  a1 b i  t e  
porphyroblasts  1-10 mm i n  diameter, o r  both. I n  genera l ,  a l b i t e  i s  much more abundant 
than garnet.  Most o f  the  a l b i t e  porphyroblasts  con ta in  enough carbon t o  make them 
n e a r l y  b lack,  and they s t r o n g l y  resemble ferromagnesi an minera ls  such as hornblende, 
except f o r  a l ack  o f  p r i sma t i c  cleavage and c r y s t a l  hab i t .  Both kinds of porphyroblast  
increase i n  s i z e  and abundance toward the  g ran i t e ,  and can be used as i n d i c a t o r s  of 
p r o x i m i t y  t o  such rock  dur ing  exp lo ra t i on .  

The quar tz  content  o f  the  p h y l l i t e  and s c h i s t  va r i es  w ide l y .  I n  some places, m a t r i x  
quar tz  i s  so abundant t h a t  t he  rock  becomes metagraywacke o r  impure q u a r t z i t e ,  which 
forms d i s t i n c t  beds 1-6 inches t h i c k .  The q u a r t z - r i c h  rock  commonly i s  carbonaceous, 
dark, tough, slabby, and breaks w i t h  a nea r l y  conchoidal f r a c t u r e .  It i s  most conspic- 
uous i n  prominent outcrops on the  west s i d e  of t he  Kogoluktuk River  about 1/2-1 m i l e  
from g r a n i t e  ( ~ g  ) . However, t h i n l y  bedded, noncarbonaceous, near ly  w h i t e  q u a r t z i t e  
crops o u t  near t he  center  o f  sec. 11, T. 18 N., R. 10 E., where i t  i s  associated w i t h  
noncarbonaceous a c t i n o l i  t e  s c h i s t .  Secondary 'quar tz  i n  t h e  form of ve ins,  lenses and 
pods a l s o  i s  abundant i n  t h e  p h y l l i t e  and s c h i s t .  



Crystal1 ine 1 imestone (Pzc) -- Impure crystal l ine 1 imestone and marble (pzc) form 
wide!>* scattered beds from less than 1 foot to  as much as 150 fee t  thick within 
the predominant phylli t e  and schis t .  The typical limestone effervesces quickly in 
di lute  hydrochloric acid, and apparently consists mainly of ca lc i te .  I t  also contains 
minor muscovite, quartz, and tremolite or ac t inol i te ,  especially where thin and 
moderately metamorphosed. Some of the 1 imestone contains accessory pyrite. Many of 
the limestone bodies are too small to show on the geologic map. The largest ,  however, 
extends for  more than two miles across the heads of valleys occupied by Glacier and 
Radio Creeks, and continues northward into the Ambler River quadrangle. 

Greenschist (Pzt) -- Noncarbonaceous, porphyroblastic actinol i t e  schis t  (greenschist) 
i s  well exposed and apparently abundant. in sec. 11, T .  18 N . 3  R .  10 E .  Numerous 
needle-like crystals of ac t inol i te  give the rock a character is t ic  greenish-gray color 
and satiny luster .  I t  also contains numerous porphyroblasts of white to  creamy a lb i t e  
1-5 m in diameter. These crystals contain many tiny inclusions of other minerals, 
b u t  d i f f e r  from the black a lb i t e  porphyroblasts described above by lacking carbon. 
The rock also contains ch lor i te ,  muscovite, quartz, epidote, and minor b io t i t e  and 
carbonate. Accessory minerals are sphene, apa t i te ,  pyrite,  and magnetite. 

The ac t inol i te  schis t  i s  interpreted here as metatuff, b u t  the map unit  i s  generalized. 
This rock i s  intimately interlayered or interbedded with phyl l i t ic  schis t ,  metagray- 
wacke, and minor impure quartzite.  Beds range from less than one inch to more than 
one foot thick. The interbedding of pe l i t i c  rocks and ac t inol i te  schis t  i s  believed 
to re f lec t  contemporaneous deposition of mud and volcanic ash, respectively. 

Greenstone (Pzg) -- Tough, massive greenstone, with subordinate greenschist simi 1ar to  
that  described above, forms large bodies near Harry and California Creeks. Each of 
them under1 ies  an area of approximately two square miles , characterized by numerous 
subangular boulders of greenstone as much as 10 f e e t  in diameter. Several small 
bodies of similar rock also crop out within the main area occupied by phyl l i te  and 
schis t .  The typical greenstone consists mainly of green hornblende or ac t inol i te ,  
epidote, chlor i te ,  a l b i t e ,  and quartz. Garnets 1-10 mn in diameter a re  abundant in the 
main body near California Creek, where the metamorphic grade of the rock i s  moderately 
high for  t h i s  area. In contrast ,  near Harry Creek, where the metamorphic grade i s  
lower, garnet has been observed only as numerous t iny crystals in unusually heavy, 
thinly bedded, impure quartzi te  within the greenstone in the SW 1/4, sec. 1 ,  T .  18 N .  , 
R .  9 E .  In some places, the greenstone also contains small amounts of carbonate and 
muscovite. Accessory minerals are  sphene, pyri te ,  hematite, and magnetite. 

The main bodies of greenstone appear to  be tabular l ike  s t rat igraphic uni ts ,  and the 
rock i s  intepreted here as metatuff perhaps interbedded with metabasalt. Although i t  
i s  possible that  the massive greenstone i s  intrusive and s i l l - l i k e ,  the evidence a t  hand 
favors a volcanic origin. In thin section, a t  leas t  part of the quartz in th i s  rock 
forms thin lenses and layers parallel  t o  fo l i a t ion ,  suggesting re1 i c t  bedding. Further- 
more, in several places the main bodies of greenstone contain interlayered metasedimentary 
rocks. North of California Creek, for  example, the greenstone contains layers of quartz- 
muscovite schis t  several fee t  thick. Likewise, near the head of Harry Creek, the green- 
stone contains equally thick layers of impure crystal l ine limestone with minor tremol i t e -  
muscovite schis t  near intrusive serpentinite,  in addition to  the garnetiferous quartzite 
described above. The two largest bodies of greenstone also appear to  be parts of a 
single formerly continuous s t rat igraphic unit 600 to  1,000 fee t  thick separated by 
erosion and faulting. 



Geologic age -- The age of t h i s  fo rmat ion  i s  uncer ta in ,  b u t  i s  be l i eved  t o  be 
Paleozoic.  No f o s s i l s  were found i n  i t  dur ing  o r  be fore  1968. However, i t  under- 
l i e s  a  t h i c k  f o s s i l i f e r o u s  d o l o m i t i c  l imestone o f  known Middle Devonian age, p a r t s  
o f  which are  l i t h o l o g i c a l l y  s i m i l a r  t o  t h e  l imestone (Pzc) descr ibed above. Thus 
t h e  rocks beneath the d o l o m i t i c  l imestone (Pzd) probably are no t  younger than 
Middle Devonian. On the  o the r  hand, t h e  marked change i n  predominant l i t h o l o g y  
between the  two formations r e f l e c t s  a  change i n  t he  environment o f  depos i t ion ,  and 
i t  i s  poss ib le  t h a t  t h e  p h y l l i t i c  s c h i s t  and r e l a t e d  rocks are  pre-Middle Devonian 
i n  age. The age o f  t h i s  format ion,  there fo re ,  i s  repor ted  here as Midd le  Devonian 
o r  o lde r .  

Dolomi t i c  l imestone (Pzd) 

D i s t r i b u t i o n  -- Weakly metamorphosed d o l o m i t i c  l imestone unde r l i es  more than two 
square m i l e s  west o f  Dahl Creek, and i s  e s p e c i a l l y  w e l l  exposed i n  prominent r idges  
and c l i f f s  i n  secs. 3  and 4, T. 18 N . ,  R .  9  E. Much o f  sec. 10 a l so  i s  unde r la in  by 
t h i s  rock,  b u t  concentrat ions o f  l imestone r u b b l e  a re  more numerous there  than out-  
crops. I n  t h a t  sec t ion ,  t he  l imestone forms a  h e a v i l y  wooded, nea r l y  t r i a n g u l a r  
r i d g e  immediately west o f  t he  upper p lace r  workings along Dahl Creek (see photograph 
on cover) .  Near Wesley Creek, t he  fo rmat ion  i s  unexposed i n  t h i s  quadrangle, bu t  i s  
i n f e r r e d  on t h e  bas is  o f  bedding a t t i t u d e s  found i n  good outcrops immediately n o r t h  
o f  t h e  area. The fo rmat ion  a l so  unde r l i es  as much as 20 square m i l es  i n  t he  Ambler 
R i ve r  quadrangle, and conta ins copper-bearing d o l o m i t i c  r e e f  b recc ia  a t  Born i te .  

L i t h o l o g y  -- The predominant rock  o f  t h i s  fo rmat ion  i n  t h e  Shungnak quadrangle i s  
t h i n l y  bedded l imestone, bu t  smal l  amounts o f  do lomi te a l so  a re  present.  Beds commonly 
are from 2  mm t o  6  inches t h i c k .  Extremely t h i n  beds, showing d i s t i n c t  minera l  l i n e a t i o  
were found i n  severa l  places, e s p e c i a l l y  i n  the  lower p a r t  o f  the  format ion.  These beds 
produce abundant p l a t y  rubb le .  Minor dolomi te b recc ia  a l so  was seen i n  t he  middle o r  
upper p a r t  i n  t h e  SW 1/4 o f  sec. 3, b u t  no copper minera ls  were found. A sample of t he  
t y p i c a l  b recc ia  cons is ts  o f  medium-l ight-gray dolomi te fragments 1-15 mm i n  diameter 
s e t  i n  a  medium-dark-gray carbonate m a t r i x .  A sample o f  t he  t y p i c a l  l imestone shows 
a l t e r n a t i n g  gray and wh i te  beds a  few m i l l i m e t e r s  t h i c k .  I n  t h i n  sec t ion ,  t he  wh i te  
beds are  completely r e c r y s t a l l i z e d ,  bu t  ad jacent  gray beds conta in ing  w ide l y  disseminated 
dus ty  opaque i n c l u s i o n s  are  not .  The i n c l u s i o n s  probably are carbonaceous m a t e r i a l  
s i m i l a r  t o  a n t h r a x o l i  t e  descr ibed by Runnel ls (1965). A p e t r o l i f e r o u s  odor i s  character-  
i s t i c  of p a r t s  o f  t h i s  format ion,  and i s  e s p e c i a l l y  s t rong i n  t h e  SW 114 of sec. 3  on 
r a i n y  days. Fragments o f  wh i te  t o  pa le -b lu ish-gray  c a l c i t e  apparent ly  der ived  from 
ve ins  were seen near t h e  east  end o f  t h e  main l imestone r i d g e  i n  sec. 3. I n  t h e  Ambler 
R i ve r  quadrangle, t h e  fo rmat ion  a l so  conta ins interbedded phyl  1  i te .  

A t t i t u d e  and th ickness -- The map i n d i c a t e s  t h a t  t he  1  imestone s t r i k e s  gene ra l l y  nor th -  
west, d i ps  about 25' SW, and i s  more than 1,500 f e e t  t h i c k .  Local v a r i a t i o n s  i n  s t r i k e  
and d i p  suggest poss ib le  f o l d i n g  and ( o r )  f a u l t i n g  w i t h i n  t he  format ion,  b u t  such 
v a r i a t i o n s  a l s o  migh t  be due, i n  p a r t ,  t o  slumping du r i ng  sedimentat ion o r  t o  recen t  
f r o s t  ac t ion .  Chaot ic bedding a t t i t u d e s  a t t r i b u t e d  t o  slumping and h igh  i n i t i a l  d i ps  
i n  a  r e e f  environment a re  common i n  t h i s  formation near Bo rn i t e ,  and i t s  th ickness 
the re  exceeds 2,000 f e e t .  

Geologic age -- A Midd le  Devonian age f o r  t h i s  l imestone has been es tab l i shed on the  
bas i s  of f o s s i l s  c o l l e c t e d  i n  the  Ambler R i ve r  quadrangle (Patton, M i l l e r ,  and T a i l l e u r ,  
1968). No f o s s i l s  were found i n  t h e  format ion i n  t h e  Shungnak quadrangle i n  1968. 



Metabasal t and r e l a t e d  rocks (Pzp, Pzv, Pz l  , Pza)- 

A t h i c k  f o rma t i on  o f  metavolcanic  and metasedimentary rocks o f  low metamorphic grade 
i s  exposed i n  a b e l t  as much as 1/2 m i l e  wide bounded by two low-angle o v e r t h r u s t  
f a u l t s  along t h e  southern and eas te rn  s ides  o f  t he  mapped area. Rocks o f  t h i s  b e l t  
over1 i e  t h e  Midd le  Devonian dolomi t i c  1 imestone (Pzd) and apparen t l y  surround t h e  
rocks o f  Paleozoic  age descr ibed above ( f i g  1 ) .  The s t r a t i g r a p h i c  sequence w i t h i n  
t h e  b e l t  i nc ludes  a lower  p h y l l i t i c  member (Pzp) and a predominant upper metavo lcan ic  
member (Pzv) . The upper member con ta ins  lenses o f  l imes tone  ( P z l )  and agglomerate (Pza). 
The lower  member con ta ins  u n d i f f e r e n t i a t e d  1 imestone and metvo l  can i  c rocks.  Meta- 
v o l c a n i c  rocks o f  t h i s  f o rma t i on  a l s o  a re  exposed a t  t h e  eas te rn  edge o f  the  Shunynak 
D-2 quadrangle, and extend eastward f o r  many m i l e s  (Pat ton,  M i  1 l e r ,  and T a i  1 l e u r ,  1968). 
The t o t a l  th ickness  o f  t he  f o rma t i on  i s  unce r ta i n ,  b u t  t h e  upper member i s  a t  l e a s t  
1,500 f e e t  t h i c k  near Ferguson Peak. 

Lower p h y l l i t i c  member (Pzp) -- The lower  member cons i s t s  ma in l y  o f  in terbedded p h y l l i t e ,  
metagraywacke, and m e t a t u f f .  I n  t h i s  quadrangle,  t h e  rocks  a re  exposed i n t e r m i t t e n t l y  
from the  no r the rn  face  of  Inerevuk Mountain t o  t he  west s i d e  o f  Dahl Creek. M e t a t u f f  
composed l a r g e l y  o f  c h l o r i t e ,  a c t i n o l i t e ,  and ep ido te  i s  most abundant near t h e  creek, 
and forms numerous beds f rom 1 mm t o  severa l  inches t h i c k .  T h i s  r o c k  i s  in terbedded 
w i  t h  carbonaceous p h y l l  i t e  composed ma in l y  of muscov i te ,  a1 b i  t e ,  and quar tz .  A t  t h e  
no r the rn  face  o f  Inerevuk  Mountain, tough, s labby,  q u a r t z - r i c h  r o c k  i n t e r p r e t e d  here as 
metagraywacke i s  1 oca l  l y  abundant. I n  t h a t  v i c i n i t y  , Heide, Wr ight ,  and Rut ledge (1949, 
f i g  4 )  showed a l imes tone  l a y e r  60-75 f e e t  t h i c k  in terbedded w i t h  quar tz-muscovi te  rocks 
and minor  c h l o r i t e - a c t i n o l i t e  s c h i s t  now i n t e r p r e t e d  as p a r t s  o f  t h i s  member. The rocks  
they  descr ibed, however, a re  ma in l y  i n  t h e  ad jacen t  Ambler R i v e r  quadrangle. Pat ton,  
M i l l e r ,  and T a i l l e u r  (1968) a l s o  showed lenses o f  metavolcanic  rocks  and l imestone i n  
p h y l l i t e  now i n t e r p r e t e d  as p a r t  o f  t h i s  member west o f  Shungnak Mountain and no r theas t  
of Born i  t e ,  r e s p e c t i v e l y .  

Upper metavolcanic  member (Pzv )  - -  The upper member cons i s t s  ma in l y  o f  metabasal t  and 
m e t a t u f f ,  b u t  a l s o  con ta ins  moderate amounts o f  in terbedded p h y l  l i t e  and metagraywacke, 
and smal l  lenses o f  l imestone.  Massive metabasal t i s  most abundant near t h e  heads o f  
C a l i f o r n i a  and Canyon Creeks, and i s  assoc ia ted  w i t h  subord ina te  f ragmenta l  metavolcanic  
rock .  The metabasal t con ta ins  abundant p l ag ioc lase ,  ep ido te ,  and c h l o r i t e ,  and e x h i b i t s  
a r e l i c t  d i abas i c  t e x t u r e  i n  t h i n  sec t i on .  It a l s o  con ta ins  numerous amygdules as much 
as 2 mm i n  d iameter  f i l l e d  w i t h  c h l o r i t e .  Well-bedded m e t a t u f f  composed o f  a c t i n o l i t e ,  
ep ido te ,  c h l o r i t e ,  and a l b i t e  i s  abundant throughout  t h e  member a long  t h e  southern edge 
of t he  mapped area. It i s  e s p e c i a l l y  w e l l  exposed on a prominent peak about two m i l e s  
nor theas t  o f  t he  Dahl Creek a i r s t r i p .  Th i s  peak was named S t o u t  Mountain by Read and 
Lehner (1959). The m e t a t u f f  t h e r e  i s  in terbedded w i t h  p h y l l i  t e  composed ma in l y  of 
muscovi te,  qua r t z ,  a l b i t e  and probable very  f i n e - g r a i n e d  b i o t i t e .  Some o f  t h e  i n t e r -  
bedded me ta tu f f  and p h y l l i t e  a t  S tou t  Mountain s t r o n g l y  resemble rocks  of the  lower  
member (Pzp) exposed j u s t  west o f  Dahl Creek. Accessory m ine ra l s  i n  t h e  metavolcanic  
rocks a re  sphene, r u t i l e ,  hemat i te ,  and magnet i te .  A t  a prominent knob near t h e  cen te r  
of t h e  SW 1/4 sec. 22, T .  18 N.  , R. 10 E. ,  t h e  metavolcanic  rocks  c o n t a i n  enough micro-  
scop ic  magnet i te  t o  d e f l e c t  a compass needle. 

Agglomerate (Pza) -- Fragmental rock  i n t e r p r e t e d  here as metamorphosed agglomerate o r  
i n t r a f o r m a t i o n a l  v o l c a n i c  conglomerate crops o u t  near t h e  cen te r  o f  sec. 12, T. 18 N. , 
R. 10 E. T h i s  r o c k  i s  cha rac te r i zed  by an ext remely  rough weathered sur face on which 
numerous uns t re tched  subangular fragments of  metabasal t  as much as 10 inches i n  d iameter  
s tand  o u t  above t he  sur round ing  f i ne -g ra ined  m a t r i x .  The fragments a r e  l i t h o l o g i c a l l y  
s i m i l a r  t o  unde r l y i ng  amygdaloidal  metabasal t .  The m a t r i x  i s  m e t a t u f f  o r  metasedimentary 
rock  de r i ved  from metavol  can i  c rock.  The agglomerate o r  conglomerate i s  o v e r l a i n  by 
g reensch is t  i n  t h e  southern p a r t  o f  sec. 12, and appears t o  be p a r t  o f  a conformable 



sequence o f  predominantly metavolcani c s t r a t a  (Pzv) . Fragmental metavolcani c rock  
a l so  i s  associated w i t h  metabasalt i n  t h e  NE 1/4 sec. 1, T. 18 N., R. 10 E., bu t  i s  
no t  d i f f e r e n t i a t e d  on the  geologic map. 

Limestone (Pzl  ) -- T h i n l y  bedded 1 imestone i s  i nter layered w i t h  the  metavol canic 
s t r a t a  (Pzv) i n  many places along the  southern s i d e  of the  mapped area. The l ime- 
stone forms lenses from less  than 1 f o o t  t o  as much as 30 f e e t  t h i c k ,  which commonly 
p a r a l l e l  bedding and f o l i a t i o n  i n  adjacent metatuf f .  The l a r g e s t  known lens i s  i n  
the  NE 1/4 sec. 14, T. 18 N., R. 9 E., near the sumnit o f  Stout  Mountain. On the  
southern s ide  o f  the mountain, t h i s ' l imes tone  contains a l aye r  of greenish-gray meta- 
t u f f  approximately 20 f e e t  long and as much as 1 1/2 f e e t  t h i c k ,  which p a r a l l e l s  bedding 
i n  t h e  l imestone ( f i g  3 ) .  The f i e l d  r e l a t i o n s  i n d i c a t e  contemporaneous depos i t ion  of 
l imestone and t u f f .  

F igure 3 
Me ta tu f f  interbedded w i t h  b i o c l a s t i c  l imestone near 
the  summit o f  Stout  Mountain. Hammer l i e s  on b io-  
c l a s t i c  l imestone 

The l imestone (Pz l )  i s  a t  l e a s t  p a r t l y  b i o c l a s t i c .  A t  S tout  Mountain, l imestone 
adjacent t o  the  me ta tu f f  lens described above cons is ts  main ly  o f  c a l c i t e ,  b u t  contains 
numerous microscopic g ra ins  o f  c l  as ti c quartz  and macroscopic gra ins  of dark-gray 
c l a s t i c  c a l c i t e  as much as 2 mn i n  diameter. I n  t h i n  sect ion,  some o f  t h e  dark-gray 
c l a s t i c  g ra ins  were recognized as d i s t i n c t  fragments o f  c r i no ids  replaced by c a l c i t e .  
Much l a r g e r  fragments o f  c r i no ids  ( f i g  4) were found i n  s i m i l a r  l imestone f l o a t  i n  the  
southeast corner o f  sec. 22, T. 18 N., R. 10 E. The f l o a t  there  apparent ly was der ived 
from a small  body o f  b i o c l a s t i c  l imestone exposed about 1,000 f e e t  west northwest of 
t he  sumnit o f  Ferguson Peak. Fragments of c r i n o i d  stems from the  Ferguson Peak l o c a l i t y  
are as much as 1/4 i n c h  i n  diameter and 1/2 inch long. 



Geologic age -- The age of t h i s  formation i s  uncer ta in  b u t  most l i k e l y  i s  Ea r l y  
Paleozoic. The lower p h y l l i t i c  member (Pzp) i s  be l ieved t o  be a t o n t i n u a t i o n  o f  
a narrow s t r i p  o f  rocks t h a t  Patton, M i l l e r ,  and T a i l  l e u r  (1968) mapped as phyl  li t e  
o f  Pal eozoi c age imnediate ly  above Middle Devonian 1 imestone i n  the  western and 
nor thern pa r t s  o f  t h e  Cosmos H i1  1s. The upper metavolcanic member (Pzv) i s  known 
t o  be p a r t  o f  a s t r a t i g r a p h i c  u n i t  they mapped as maf ic  vo l can ic  rocks o f  Jurass ic (?)  
age, i n  which they a l so  mapped unfaul  ted  lenses o f  f oss i l i f e rous  l imestone o f  Middle 
Devonian age. A t  l e a s t  one such lens near the  Mauneluk R iver  about 12 m i les  east o f  
t h e  Shungnak D-2 quadrangle contains phaceloi  ds (rugose. cora ls )  o f  poss ib le  Devonian 
age. The presence. of c r i n o i d  stems i n  s i m i l a r  1 imestone lenses interbedded w i t h  meta- 
vo lcan ic  rocks o f  t h i s  formation i n  the  Shungnak quadrangle a l so  suggests t h a t  the  
s t r a t a  are  Dev0nia.n i n  age. J. T. Dutro, J r .  ( w r i t t e n  communication, A p r i l  1969) 
suggested t h a t  the  age of t h i s  format ion could be repor ted  t e n t a t i v e l y  as probably 
Ear l y  Paleozoic, poss ib ly  Devonian. The evidence a t  hand suggests t h a t  t he  p e l i t i c  
and metavolcanic rocks o f  t h i s  format ion may be g ross l y  equ iva lent  t o  p e l i t i c  and 
metavolcanic rocks t h a t  under l i e  the  Middle Devonian 1 imestone (Pzd) . 

Figure 4 
Cr ino id  fragments i n  b i o c l a s t i c  1 imestone from Ferguson Peak. 
The specimen has been etched s l i g h t l y  w i t h  weak hydroch lor ic  
acid. Approximately na tu ra l  s ize .  

CRETACEOUS ROCKS 

Metaconglbmerate and r e l a t e d  rocks (KS, Kp, Kc) 

The h ighest  s t r a t i g r a p h i c  fo rmat ion  i n  the  mapped area cons is ts  o f  a predominant 
conglomeratic sandstone and s l a t e  u n i t  (Ks) , p h y l l i t e  ( ~ p )  , and s l a t y  conglomerate 
(KC). The rocks have undergone pervasive shearing and low-grade dynami c metamorphism, 
which d i s t i n g u i s h  them from under ly ing s t r a t a .  Other d i s t i n g u i s h i n g  features inc lude 
an abundance o f  coarse c l a s t i c  ma te r ia l  and a l a c k  of 1 imestone. The formation under- 
l i e s  approximately 30 square m i les  i n  the  Shungnak D-2 quadrangle and l a r g e  areas near 
Cosmos and Bismark Mountains ( f i g  1).  The thickness of these s t r a t a  i s  unknown, bu t  
probably i s  a t  l e a s t  1,000 f e e t  i n  the  mapped area. 



Conglomeratic sandstone and s l a t e  (Ks) -- The conglomerat ic sandstone and s l a t e  u n i t  
i s  w e l l  exposed bn mountain summits and f l a n k s  along the  southern and eastern s ides 
of t he  mapped area, b u t  severe f r o s t  a c t i o n  has reduced many outcrops t o  concentra- 
t i o n s  o f  s labby boulders 1-20 f e e t  i n  diameter.  The map u n i t  cons i s t s  o f  interbedded 
metaconglomerate, metasandstone, metagraywacke, and p h y l l  i t e  o r  s l a t e .  Beds 1-6 f e e t  
t h i c k  a re  common. Fine-grained rocks e x h i b i t i n g  t y p i c a l l y  s l a t y  cleavage were observed 
main ly  south o f  an eas t - t rend ing  f a u l t  south o f  Ferguson Peak. Phyl li te,  rnetagraywacke, 
and metasandstone are widespread, b u t  a re  especi a1 l y  abundant eas t  o f  t he  Kogol uk tu  k 
River .  Metacongl~merate a l so  i s  widespread, b u t  i s  most abundant west of t he  r i v e r .  
Common minera ls  i n  a1 1 o f  these rocks i n c l u d e  quar tz ,  muscovite, c h l o r i t e ,  b i o t i t e ,  
and fe ldspar .  Most cobbles and pebbles i n  t he  metaconglomerate are wh i te  quar tz  
( f i g  5 ) ,  b u t  pebbles o f  q u a r t z - r i c h  s c h i s t  and gneiss a l so  are present.  No l imestone 
pebbles o r  cobbles were seen. The l a r g e s t  c l a s t i c  fragment found i n  t he  metaconglomer- 
a t e  was a qua r t z  boulder  6 x 8 x 15 inches near Wesley Creek. Al inement o f  s t re t ched  
cobbles, pebbles, and g ra ins  i n  these sheared rocks g ives  them a conspicuous l i n e a t i o n ,  
which commonly t rends nor theast .  Recognit ion o f  t h i s  f e a t u r e  i s  h e l p f u l  i n  mapping, 
because i t  enables the mapper t o  d i s t i n g u i s h  between outcrops and frost-heaved debr is  . 

F igure  5 
Stretched quar tz  cobble i n  f o l  i ated and 1 i neated 
Metaconglomerate from the  NW 1/4 sec. 15, T. 18 
N. ,  R. 9 E., near Dahl Creek. 

P h y l l i t e  ( ~ p )  -- Phyl l i t e  was mapped separate ly  eas t  o f  Wesley Creek p r i m a r i l y  t o  
emphasize the  nor theast  t r end  o f  bedding where w e l l - f o l i a t e d  metaconglomerate predom- 
ina tes .  Bedding and f o l i a t i o n  there  are p a r a l l e l .  I n  t h i n  sec t ion ,  t h e  p h y l l i t e  i s  
composed main ly  of muscovite, quar tz ,  and probable fe ldspar .  The rock  a l so  conta ins 
sca t te red  porphyroblasts  o f  c h l o r i t e  as much as 0.2 mm i n  diameter ob l ique  t o  f o l i a t i o n  
and bedding. Carbon i s  present ,  b u t  i s  l ess  abundant than carbon i n  phyl  li t e  of 
Paleozoic  age exposed near Dahl Creek. 

S l a t y  metacongl omerate (Kc) -- H igh l y  sheared metacongl omerate charac ter ized  by 
extremely s t re t ched  and f l a t t e n e d  pebbles and cobbles o f  g reensch is t  ( f i g  6) i s  w e l l  
exposed a t  t he  summit o f  Ferguson Peak, and i n  t he  no r th -cen t ra l  p a r t  of sec. 12, 
T. 18 N., R. 10 E. S i m i l a r  rock  i s  exposed near t he  eas t  edge o f  t he  Shungnak D-2 
quadrangle and a t  the  south end o f  a prominent r i d g e  west o f  Ko l l i oksak  Lake ( f i g s  7 
and 8) .  A t  Ferguson Peak and K o l l  ioksak Lake, t he  metaconglomerate i s  interbedded 
w i t h  sheared s l a t e  o r  p h y l l  i t e .  A t  K o l l  ioksak Lake, these rocks conformably under1 i e  
conglomerat ic sandstone and s l a t e  (Ks) , and appear t o  c o n s t i t u t e  p a r t  of a basal member 
of the  e n t i r e  format ion.  The greensch is t  fragments i n  t he  metaconglomerate presumably 



could have been derived by erosion from underlying metavolcanic rocks (Pzv). However, 
the metaconglomerate and related rocks there are  separated from underlying meta- 
volcanic rocks by a low-angle overthrust f a u l t  ( f ig  8 ) ,  and an erosional unconformity 
between the formations cannot be proved. Similarly, a t  Ferguson Peak, sheated meta- 
conglomerate (Kc) overlies relat ively unsheared greenschist and fossi l iferous lime- 
stone of probable Paleozoic age (Pzv, Pz l ) ,  and the contact between the two formations 
i s  interpreted as a low-angle overthrust f au l t  rather than a simple unconformity. The 
faulting i s  discussed further under the heading "Structure. " 

Figure 6 
Sheared s l a ty  metacongl omerate (Kc) from the 
N W  1/4 sec. 1 2 ,  T.  18 N., R. 10 E . ,  near the 
head of California Creek. Light gray patches 
vis ible  on the upper surface of the specimen 
in th i s  photograph are stretched pebbles of 
greenschist s e t  in a grayish-red, hematitic, 
s la ty  matrix, 



F igu re  7 
Two views o f  a s t r e t c h e d  and f l a t t e n e d  pebble fro1 
s l a t y  metaconglomerate exposed west o f  K o l l  i oksak  
Lake. R igh t  end faced southwest i n  t he  ou tc rop  
f rom which t h i s  pebble came. 





Geologic age -- A Late Cretaceous age was assigned to the metaconglomerate and 
related rocks of the Cosmos Hills by Patton, Miller, and Tailleur (1968) on the 
basis of correlation with similar rocks exposed in the Baird Mountains and Selawik 
quadrangles west of Kobuk. The conglomeratic s t r a t a  in those quadrangles contain 
tuffaceous beds dated by potassium-argon methods. The authors also correlated the 
s la ty  conglomerate (Kc) of the Kollioksak Lake area with similar b u t  fossil iferous 
rock of probable Early Cretaceous age mapped by Patton and Miller (1968) in the 
Selawik quadrangle. I n  the present report, an Early to  Late Cretaceous age i s  
assigned to the conglomeratic rocks of the Cosmos Hi l l s ,  because unit Kc appears 
to be overlain conf~rmably by unit Ks west of Kollioksak Lake ( f ig  3 ) .  

I N T R U S I V E  R O C K S  

JURASSIC ( ?  ) ROCKS 

Serpentini t e  ( J s )  

Distribution and s i ze  -- Serpentini t e  forms numerous, lent icular ,  general ly s i  11-1 i ke 
bodies intrusive into s t r a t a  of known and probable Paleozoic ages. West of the 
Kogoluktuk River, this  rock intrudes a t  l eas t  two formations. East of the r iver ,  
however, i t  apparently intrudes only unit Pzv. The largest serpentinite body in the 
mapped area i s  exposed about one mile west of Ferguson Peak. The rock there forms a 
s i l l - l i k e  sheet as much as 400 fee t  thick, which crops out intermittently along s t r ike  
for a t  least  5,000 feet .  

The four small bodies of serpentinite shown on the map near the confluence of Stockley 
and Dahl Creeks formerly were included in the stock inferred a t  Asbestos Mountain by 
Coats (1943). A t  least  two of the lenses mapped on opposite sides of Dahl Creek a t  
the north edge of the Shungnak quadrangle appear to  be parts of a gently dipping sheet 
through which the creek has cut. The serpentinite exposed near Stockley Creek may 
have been part of that  sheet. The westernmost of the four bodies also might be part 
of that  sheet,  b u t  i s  t h o u g h t  t o  be a separate pod occupying a s l ight ly  higher s t r a t i -  
graphic position. Serpentinite exposed a t  the summit of Asbestos Mountain just  north 
of the Shungnak quadrangle i s  interpreted here as another larger tabular body which 
caps the mountain. 

Lithology -- The serpentinite has undergone shearing and brecciation as well as complete 
metamorphism. Shearing in th is  rock i s  most intense along the north and east  faces of 
Inerevuk Mountain. The lenticular body mapped in sec. 10, T.  18 N . ,  R .  9 E . ,  for 
example, exhibits breccia fragments 1/4 inch to  6 inches in diameter. The surface of 
that  body i s  l i t t e r ed  with hundreds of well foliated serpentinite chips of comparable 
size.  This lens also contains layers of relatively unsheared serpentinite as much as 
5 fee t  thick and 15 f ee t  long, which are  approximately parallel to  fol ia t ion.  One out- 
crop on the northeast side of the lens exhibits a face which dips 30" SW, perhaps 
parallel  or nearly parallel  to  an overthrust f au l t  mapped nearby. Slickensides there 
show s t r ia t ions  plunging down dip. 

Where leas t  sheared, the typical serpentinite i s  composed largely of antigorite.  
Crystals of th i s  mineral commonly are less than 0.2 mn in diameter. Near Wesley Creek, 
some samples of serpentini t e  exhibit textures which suggest that  the rock formed by 
complete al terat ion of fine-grained dunite. Other samples contain ant igori te  crystals 
as much as 3 mm in diameter s e t  in a matrix composed mainly of very fine-grained anti-  
gorite.  Magnetite i s  a common accessory mineral, and i s  abundant enough in some places 
to  deflect a compass needle. Other accessory minerals are  pyrite and chromite. 



Several o f  t h e  more i n t e r e s t i n g  o r  unusual minerals found i n  thesnapped area are  
associated w i t h  the  serpent i  n i  t e .  Many outcrops e x h i b i t  t iny vein1 e ts  o f  tremol i t e  
1-2 mm wid.e. Seams of ch ryso t j  1e as much as th ree inches wide have been reported 
near Dahl Creek a t  t h e  n o r t h  edge of t he  Shungnak quadrangle (Coats, 1943, p 2, 3). 
The s e r p e n t i n i t e  i n  sec. l,O a l so  d isp lays  seams which conta in  f ib rous  serpent ine 
c r y s t a l s  as much as e i g h t  inches long. F l o a t  der ived from s e r p e n t i n i t e  exposed 
near the  head o f  Harry Creek inc ludes t a l c ,  coarse dolomite c r y s t a l s ,  and t r e m o l i t e  
s c h i s t  which contains small  lenses of v i v i d  green chromium-bearing muscovite. Green 
boulders c u r r e n t l y  recovered from Dahl Creek p lacer  deposits fo r  sa le  as jade a l so  
were der ived f rom-the se rpen t in i  te .  Anderson (1945, p 17) repor ted  the  presence of 
n i c k e l  i n  a hand sample o f  in termixed a n t i g o r i t e  and c h r y s o t i l e  c o l l e c t e d  from 
se rpen t in i  t e  exposed near the  mouth o f  Stockley Creek, b u t  t he  amount o f  n i c k e l  i n  
the  rock i s  be l ieved t o  be very small .  

Geologic age -- The age o f  the s e r p e n t i n i t e  i s  uncerta in.  On the  bas is  o f  f i e l d  
evidence, i t  can be described on ly  as post-Middle Devonian, pre-Cretaceous. The 
s e r p e n t i n i t e  i n t rudes  a sequence o f  Paleozoic s t r a t a  i nc lud ing  rocks o f  Middle Devonian 
age, b u t  i s  n o t  known t o  i n t r u d e  s t r a t a  of Cretaceous age. Patton, M i l l e r ,  and T a i l l e u r  
(1968) t e n t a t i v e l y  assigned a Jurass ic (?)  age t o  t h i s  rock  on the  bas is  o f  c o r r e l a t i o n  
w i t h  a maf ic  igneous complex exposed i n  the  C h r i s t i a n  quadrangle about 300 m i les  east  
of t he  Cosmos Hi1 1s. That complex cons is ts  main ly  o f  gabbro, diabase, basa l t ,  and 
d i o r i  te ,  b u t  a lso  inc ludes i nterbanded leucogabbro, anorthosi  te ,  pyroxeni te ,  and 
p e r i d o t i  t e  (Reiser , Lanphere, and Brosge, 1966, p 69-70). Potassium-argon d a t i n  of 
hornblende suggests an Ear l y  o r  Middle Jurass ic  age f o r  the  complex (idem., p 71 3 . 
The s e r p e n t i n i t e  o f  t he  Cosmos H i l l s  presumably could be r e l a t e d  t o  pyroxeni t e  and 
p e r i d o t i t e  o f  t h i s  complex. 

CRETACEOUS ROCKS 

Grani te (Kg) 

D i s t r i b u t i o n  and s i z e  -- Gneissic g r a n i t e  forms a p lu ton  as much as 1 3/4 mi les  i n  
diameter near the  Kogoluktuk River .  The g r a n i t e  i s  w e l l  exposed along t h e  r i v e r  and 
on, r idges near Radio and Lynx Creeks. Sch is t  crops ou t  i n  several  places along the  
nor thern s ide  o f  t h e  p lu ton,  p rov id ing  good con t ro l  f o r  placement o f  t he  g ran i te -sch is t  
contact  there. Along the  southern s ide,  however, outcrops o f  g r a n i t e  and s c h i s t  a re  as 
much as one m i l e  apart .  Thus the  near ly  c i r c u l a r  o u t l i n e  of t h e  p lu ton  shown on the  map 
i s  generalized, and merely i nd i ca tes  the  minimum area under la in  by gran i te .  Small un- 
mapped bodies o f  g r a n i t i c  rock most l i k e l y  r e l a t e d  t o  t h e  p lu ton  were -found near marble 
and l imestone i n  the  western p a r t  o f  sec. 11, T. 18 N., R. 10 E., and near garnet i fe rous  
s c h i s t  i n  the  SE 1/4 sec. 12, T. 18 N., R. 9 E. Minor gne iss i c  g r a n i t e  f l o a t  a l so  was 
found on t h e  south bank of G lac ie r  Creek i n  t h e  SW 1/4 sec. 7, T. 18 N., R. 10 E. 

L i t ho logy  -- The g r a n i t e  cons is ts  main ly  o f  a1 b i  te ,  m i c r o c l i  ne, quartz ,  and muscovi t e .  
B i o t i t e  i s  much less  abundant. The m ic roc l i ne  forms numerous c r y s t a l l o b l a s t s  1/2 t o  
3/4 i nch  long. Some are  smeared out  para1 l e l  t o  we1 1 developed f o l i a t i o n .  Deformation 
of these c r y s t a l s  presumably occurred dur ing  a l a t e  stage o f  t he  emplacement and meta- 
morphism. Accessory minera ls  are sphene, carbonate, and z i rcon.  Garnets 1-5 mn i n  
diameter are present i n  some outcrops adjacent t o  sch is t .  The g r a n i t e  i s  c u t  by minor 
a p l i t e  d ikes and s i l l s ,  which are ob l ique and p a r a l l e l  t o  f o l i a t i o n ,  respect ive ly .  

L i  tho log ies  a t  t he  northernmost outcrops o f  t h e  g r a n i t e  on the  Kogoluktuk R iver  c l e a r l y  
i n d i c a t e  t h a t  t h i s  rock i n t rudes  the  adjacent s c h i s t  (Pzs). The g r a n i t e  the re  contains 
i n ~ l u s i o n s  o f  garnet i fe rous  muscovite s c h i s t  s i m i l a r  t o  t h e  host  rock. The g r a n i t e  a l so  
contains d i s t i n c t  muscovite- and ga rne t - r i ch  layers,  which represent  p a r t l y  ass imi la ted 



schis t .  Some layers contain stubby crystals as much as 3 mm in diameter, which 
resemble a lb i t e  porphyroblasts character is t ic  of the intruded schis t  (Pzs). Small, 
nearly round a lb i t e  crystals also a re  characteristic of granite gneiss found near 
marble east  of Lynx Creek. 

The granite of the pluton i s  characterized by excellent joints from a few inches t o  
several tens of fee t  apart. Outcrops along the Kogoluktuk River show a t  leas t  two 
k inds .  Gently dipping joints are  nearly parallel  t o  fol ia t ion.  Others are nearly 
ver t ical .  Joint  blocks as much as 25 fee t  i n  diameter are numerous, especially on 
ridges underlain by grani te  bedrock near Radio and Lynx Creeks ( f i g  9) .  Similar 
blocks have been distributed along the r iver  downstream from the southernmost outcrops, 
most l ikely during episodes of high run-off i n  Pleistocene time. 

Figure 9 
Jo in t  blocks in granite gneiss near Lynx Creek. 
Kel ty  pack shows -scale. 

Geologic age -- An Early Cretaceous age was assigned tentatively to  this granite by 
Patton, Miller, and Tailleur (1968) on the basis of potassium-argon dating of horn- 
blende from associated soda apl i te .  Hornblende has not been observed by the writer 
in thin sections of grani t ic  rock from t h i s  area. Nevertheless, an Early Cretaceous 
age i s  compatible with available f i e ld  evidence, and therefore is accepted. Field 
relations merely indicate that  the granite cannot be older than Middle Devonian, 
because i t  intruded, deformed, and metamorphosed a s t rat igraphic sequence tha t  
includes rocks of Middle Devonian age. The granite presumably is not younger than 
Early Cretaceous, because i t is part  of a folded , fau 1 ted , and metamorphosed sequence 
over which s t r a t a  of Early to  Late Cretaceous age have been thrust. 



S T R U C T U R E  

The p r i n c i p a l  geologic  s t ruc tu res  recognized i n  t he  course of t he  recent  mapping are  
a dome near the  Kogoluktuk River ,  a h o r s t  which inc ludes the  dome, and a window which 
inc ludes both  o f  those s t ruc tu res .  Other s t r u c t u r a l  fea tures  i nc lude  high-angl e 
f a u l t s  of two d i s t i n c t  ages, low-angle ove r th rus t  f a u l t s ,  minor f o l d s ,  c renu la t ions ,  
and widespread l i n e a t i o n .  

DOME NEAR INTRUSIVE GRANITE 

The dome near the  Kogoluktuk R ive r  cons is ts  o f  several  thousand feet  o f  p h y l l i t i c  
s c h i s t  and. re la ted  rocks (Pzs, Pzc, Pzg) which d i p  outward away from i n t r u s i v e  g r a n i t e  
(Kg)., The s t r u c t u r e  i s  shown on sec t i on  B-B'  ( f i g  2) .  The l a r g e  bodies o f  greenstone 
(Pzg) mapped near Harry and C a l i f o r n i a  Creeks are  the  youngest of t he  domed s t r a t a  
exposed i n  the  Shungnak D-2 quadrangle. The d i s t r i b u t i o n  o f  these rocks i n  r e l a t i o n  
t o  the g r a n i t e  i s  s l i g h t l y  asymmetrical, bu t  doming apparent ly  accompanied emplacement 
of the g ran i te .  

HORST AND EARLY HIGH-ANGLE FAULTS 

A major ho rs t  conta in ing  the  domed s t r a t a  i s  bounded by two nor th - t rend ing ,  high-angle 
f a u l t s  of l a r g e  displacement approximately s i x  m i l e s  apar t .  The western one, here 
c a l l e d  the  Dahl Creek f a u l t ,  accounts f o r  the abrupt  eastward te rm ina t i on  o f  do lom i t i c  
l imestone (Pzd) and westward te rm ina t i on  o f  greenstone (Pzg) near Dahl Creek. Th is  
f a u l t  i s  be l ieved t o  extend northward i n t o  the  Ambler R iver  quadrangle and t o  account 
f o r  t he  eastward te rminat ion  o f  d o l o m i t i c  l imestone near t h e  confluence of R i l e y  and 
Ryan Creeks i n  t h a t  area. The eastern f a u l t ,  here c a l l e d  the  Lynx Creek f a u l t ,  accounts 
fo r  marked changes i n  bedding a t t i t u d e s  and topography near the head o f  Lynx Creek and 
fo r  the abrupt  eastward te rminat ion  o f  garnet i fe rous  greenstone (Pzg) near C a l i f o r n i a  
Creek. P h y l l i t e  and greenschist  east o f  the  Lynx Creek f a u l t  a re  n o t  garnet i fe rous .  
The ho rs t  i s  shown on sec t i on  B-B' ( f i g  2 ) .  

Rocks i n  the h o r s t  apparent ly  have been upthrown more than 1,500 feet .  Displacement 
on the  Dahl Creek f a u l t  i s  a t  l e a s t  1,500 f e e t ,  because the  d o l o m i t i c  l imestone (Pzd) 
i s  completely miss ing east o f  Dahl Creek. Displacement on t h e  Lynx Creek f a u l t  i s  a t  
l e a s t  1,000 f e e t ,  because the  ga rne t i f e rous  greenstone ( ~ z g )  i s  completely miss ing east  
of t h i s  f r a c t u r e .  I n  view o f  the d i f f e rences  i n  bedding a t t i t u d e s  and metamorphic grade 
on opposi te s ides o f  t h e  Lynx Creek f a u l t ,  however, i t  i s  l i k e l y  t h a t  displacement along 
t h a t  f rac tu re  i s  much greater  than 1,000 fee t .  

The rocks i n s i d e  the h o r s t  a l so  have been fau l ted  as w e l l  as domed. A nea r l y  s t r a i g h t ,  
west-trending, high-angle f a u l t  o f  moderate t o  l a r g e  throw forms the  southern boundary 
of greenstone (Pzg) mapped near Harry Creek. Rocks n o r t h  of t h a t  f a u l t  a re  i n f e r r e d  t o  
be upthrown, because they are  more metamorphosed than adjacent rocks t o  the  south. Throb 
i s  i n f e r r e d  t o  be a t  l e a s t  500 f e e t ,  because the  greenstone does n o t  crop o u t  along Wye 
Creek. Another f a u l t  o f  smal l  t o  moderate throw i s  i n f e r r e d  along the  west s i d e  of the  
greenstone (Pzg ) mapped near Cal i f o r n i  a Creek, because the  greens tone-schi s t contact  
there  i s  nea r l y  s t r a i g h t .  Displacement along t h a t  f a u l t  may be l e s s  than 500 feet .  

The Dahl Creek and Lynx Creek f a u l t s  and others t h a t  o f f s e t  rocks w i t h i n  the h o r s t  a1 1 
appear t o  be p a r t s  o f  a r e c t i l i n e a r  system o f  e a r l y  high-angle f a u l t s .  High-angle f a u l t s  
of s i m i l a r  t rend  were mapped by Patton, M i l J e r ,  and T a i l l e u r  (1968) near Aurora Mountain 
i n  the  Ambler R iver  quadrangle ( f i g  1 ) .  None o f  the  f a u l t s  o f  t h i s  system i s  known t o  
of fset  low-angle ove r th rus t  f a u l t s  i n  the Cosmos H i  11s. The e a r l y  f rac tures ,  therefore, 
are be l i eved  t o  have formed dur ing  an episode o f  b lock  f a u l t i n g  which post-dates g r a n i t e  
emplacement , doming , and reg iona l  metamorphism, b u t  pre-dates low-angle ove r th rus t  f a u l t -  
i ng. 



COSMOS HILLS WINDOW AND LOW-ANGLE OVERTHRUST FAULTS 

The most important  geologic  s t r u c t u r e  i n  t he  Cosmos H i l l s  i s  a window about 20 m i l e s  
long and 5 t o  8 m i l es  wide, which i s  r e f e r r e d  t o  here as the  Cosmos Hi 11s window 
( f i g  1) .  Th i s  s t r u c t u r e  i s  bounded by two major low-angle ove r th rus t  f a u l t s  character-  
i z e d  by displacements measured i n  mi les .  These f a u l t s  were mapped p r i m a r i l y  on the  
bas is  of f i e l d  evidence found i n  1968 i n  the  Shungnak D-2 quadrangle and the  Ko l l ioksak  
Lake area ( f i g s  2 and 8). They were extended i n t o  t h e  Ambler R iver  quadrangle ( f i g  1 )  
on the  basis  o f  a e r i a l  reconnaissance and r e i n t e r p r e t a t i o n  o f  f i e l d  r e l a t i o n s  mapped 
by Read and Lehner (1959) and Patton, M i l l e r ,  and T a i l l e u r  (1968). The upper ove r th rus t  
f a u l t  unde r l i es  al lochthonous metaconglomerate and r e l a t e d  rocks o f  Cretaceous age. I n  
t he  western p a r t  of t he  Cosmos H i l l s ,  t h i s  f a u l t  i s  i n  t he  approximate p o s i t i o n  of one 
i n f e r r e d  by Lehner between metacongl omerate and serpent i  n i  t e .  The 1 ower ove r th rus t  
f a u l t ,  f i r s t  recognized i n  1968, o v e r l i e s  autochthonous d o l o m i t i c  l imestone o f  Middle 
Devonian age. The lower f a u l t  accounts f o r  t he  westward th inn ing  o f  the  do lom i t i c  l ime- 
stone i n  the  Cosmos H i l l s .  

F i e l d  evidence f o r  t he  ove r th rus t  f a u l t s  i s  i nd i spu tab le  i n  the  Shungnak D-2 quadrangle. 
Evidence f o r  the lower f a u l t  cons is ts  o f  (1) a conspicuous discordance i n  bedding between 
u n i t s  Pzv and Pzs near S tout  Mountain, and (2 )  a marked d i f f e rence  i n  metamorphic grade 
between u n i t s  Pzg and Pzv near Ferguson Peak. Evidence f o r  the  upper ove r th rus t  f a u l t  
cons is ts  o f  (1 )  a conspicuous discordance i n  bedding between u n i t  Ks and u n i t s  Pzp and 
Pzv from Inerevuk Mountain t o  Ferguson Peak, (2 )  a marked d i f f e rence  i n  the  degree of 
i n t e r n a l  shearing i n  u n i t  Ks compared t o  u n i t s  Pzv and Pzl  a t  S tou t  Mountain and Ferguson 
Peak, and ( 3 )  an obvious discordance between metaconglomerate and under ly ing metavolcanic 
rocks west o f  Ko l l ioksak  Lake ( f i g  8 ) .  The metaconglomerate west of t h e  l a k e  d ips nor th -  
ward i n t o  the  f a u l t  contact  between the  two formations. 

The d i r e c t i o n  o f  movement along the  lower ove r th rus t  f a u l t  i s  uncer ta in,  bu t  i s  bel ieved 
t o  have been toward the  n o r t h  nor theast .  No i nd i spu tab le  evidence o f  such movement has 
been found i n  the  Shungnak quadrangle. However, the  Cosmos H i l l s  t rend west-northwest 
approximately p a r a l l e l  t o  t he  reg iona l  t rend  o f  the  adjacent p a r t  of the Brooks Range, 
which i s  known t o  conta in  west-northwest-trending t h r u s t  f a u l t s  (k ing ,  1967). The com- 
ponents o f  s t ress  which produced those f a u l t s ,  as w e l l  as the  range i t s e l f ,  presumably 
were o r i en ted  approximately perpendicular  t o  t he  range. I n  o ther  words, a t  l e a s t  some 
of the rocks o f  t he  Brooks Range and f o o t h i l l s ,  i nc lud ing  t h e  Cosmos H i l l s ,  have been 
t h r u s t  toward the  n o r t h  northeast.  

A no r theas te r l y  d i r e c t i o n  o f  movement o f  rocks t h a t  o v e r l i e  the  upper ove r th rus t  f a u l t  
i n  the  Cosmos H i l l s  i s  i nd i ca ted  c l e a r l y  by f i e l d  evidence i n  the Shungnak quadrangle. 
L i n e a t i o n  and s t re t ched  pebbles i n  metaconglomerate and r e l a t e d  rocks (Ks and Kc) con- 
s i s t e n t l y  s t r i k e  nor theast .  Many o f  the  pebbles are  so s t r o n g l y  deformed t h a t  they 
resemble f l a t t e n e d  c igars  ( f i g  7). They a l so  d i sp lay  s t r i a t i o n s  o r  s l i ckens ides  which 
t rend  nor theast .  Th is  k i n d  o f  deformation can be explained on ly  by shearing i n  a nor th -  
e a s t e r l y  d i r e c t i o n .  

The evidence a t  hand suggests t h a t  t h e  metaconglomerate and r e l a t e d  rocks were t h r u s t  
northeastward aga ins t  and across a bu t t ress  of o l d e r  more consol idated rocks, and t h a t  
they  became sheared, dynami c a l  l y  metamorphosed, and crenul  ated i n  the  process. The 
metacongl omerate and r e l a t e d  rocks a r e  most deformed along the  south-southwestern s i d e  
of the  Cosmos H i l l s  (Patton, M i l l e r ,  and T a i l l e u r ,  1968). Th i s  suggests t h a t  g e n t l e  
arching o f  the Cosmos H i l l s  area along a west-northwest-trending ax is  occurred sometime 
a f t e r  i n i t i a l  ove r th rus t  f a u l t i n g  of t he  metavolcanic rocks (Pzv) bu t  be fore  over th rus t  
f a u l t i n g  of t he  Cretaceous s t r a t a  (Ks) was completed. The presence of pervasive shearing 
i n  t h i s  formation and the  absence of such shearing i n  under ly ing  s t r a t a  s t r o n g l y  suggests 



tha t  the Cretaceous s t r a t a  were poorly consolidated when thrusting began. As thrust- 
ing and shearing continued, however, the formation became recrystal 1 ized to  rocks 
such as metaconglomerate and phylli te.  Under continued s t ress , '  the three isolated 
patches of extremely deformed metacongl omerate (Kc) mapped i n the Shungnak D-2 quad- 
rangle apparently were overridden by the main part  of the formation (Ks). During a 
l a t e  stage of the t h r u s t i n g  and dynamic metamorphism, crenulations oriented north- 
northwest nearly perpendicular t o  the direction of thrusting developed in s l a ty  meta- 
conglomerate (Kc) a t  Ferguson Peak ( f ig  10). Crenulations have not been observed in 
this formation elsewhere i n  the mapped area. Their presence a t  Ferguson Peak and the 
irregular course of the upper overthrust f au l t  on the map there suggest that  the thrust  
i t s e l f  has been s l ight ly  folded in that  area. However, an al ternat ive interpretation of 
s t ructure there i s  discussed under the heading "Late High-Angle Faults." 

Figure 10 
Crenulated s l a ty  metaconglomerate (.Kc) from the south s ide  of the 
sumnit of Ferguson Peak. Two views show opposite ends of the same sam- 
ple. The l ight  gray lens about two inches long is a stretched 
pebble. Other pebbles are so severaly deformed they are  d i f f i cu l t  
t o  recognize. 



The amount o f  displacement on the lower ove r th rus t  f a u l t  i s  uncer ta in,  b u t  i s  be- 
l i e v e d  t o  be very la rge .  F i e l d  r e l a t i o n s  i n  the Cosmos H i l l s  suggest a minimum 
displacement of e i g h t  m i l es  along t h i s  f a u l t ,  because metabasalt and r e l a t e d  rocks 
(Pzv, Pzp, etc .  ) apparent ly  have been t h r u s t  across the  e n t i r e  Cosmos Hi1 1s window 
area. Patton, M i l l e r ,  and T a i l l e u r  (1968) have shown t h a t  the  nor thern l i m i t  o f  
the  metavolcanic rocks ( t h e i r  Jv u n i t )  i s  approximately s i x  m i l es  no r th  nor theast  
of Bern i te ,  and t h a t  the  format ion extends along the  e n t i r e  southern f l a n k  of the  
Brooks Range i n  the  Ambler River  quadrangle. The nor thern  l i m i t  o f  t h e  metavolcanic 
rocks i s  about 12 m i les  from the  southern edge o f  the  Cosmos H i l l s  window. The pos- 
s i b i l i t y  t h a t  t h e  nor thern edge o f  the  metavolcanic rocks a c t u a l l y  i s  t he  leading 
edge ~f the  lower t h r u s t  p l a t e  now recognized i n  the  Cosmos H i l l s  r e c e n t l y  was 
discussed w i t h  I .  L. T a i l l e u r  ( o r a l  communication, A p r i l ,  1969). I f  so, i t  i s  pos- 
s i b l e  t h a t  displacement on the lower ove r th rus t  f a u l t  i s  a t  l e a s t  12 mi les .  

The amount of displacement on the  upper ove r th rus t  f a u l t  a l so  i s  be l ieved t o  be la rge ,  
bu t  i s  more d i f f i c u l t  t o  determine. I f  the  s l a t y  metaconglomerate (Kc) i n  the Shungnak 
quadrangle i s  equ iva len t  t o  s i m i l a r  rocks known t o  be 4,500 f e e t  t h i c k  i n  the Selawik 
quadrangle, as suggested by Patton, M i l l e r ,  and T a i l l e u r  (1968), i t  seems l i k e l y  t h a t  
several  thousand f e e t  o f  s t r a t a  have been removed by t h r u s t i n g  along t h i s  f a u l t .  Large 
displacement a l so  i s  suggested by the  f a c t  t h a t  bedding i n  t he  main metaconglomerate 
(Ks) i n  the Shungnak quadrangle commonly d ips  more s teep ly  than the  under ly ing over- 
t h r u s t  f a u l t .  Patton, M i l l e r ,  and Ta i  1 l e u r  (1968) have shown t h a t  t he  metaconglomerate 
and r e l a t e d  rocks now placed i n  the  upper t h r u s t  p l a t e  probably extended as fa r  n o r t h  
as the  middle o f  the  Ambler Lowland ( f i g  1 ), al though p a r t  o f  the  format ion has been 
eroded from t h a t  -area. The f i e l d  r e l a t i o n s  suggest t h a t  displacement along the  upper 
ove r th rus t  f a u l t  most l i k e l y  was a t  l e a s t  f o u r  m i l es  and poss ib l y  much more. 

LATE HIGH-ANGLE FAULTS 

Several l a t e  high-angle f a u l t s  c u t  t he  low-angle ove r th rus t  f a u l t s  as w e l l  as rocks of 
Paleozoic t o  Cretaceous age. These high-angle f r a c t u r e s  a re  bel ieved t o  be post-Cre- 
taceous i n  age. Two nor th - t rend ing  f a u l t s  i n  t he  eastern p a r t  o f  the map area are 
character ized by throws o f  several  thousand fee t .  An east- t rending f a u l t  mapped south 
o f  Ferguson Peak accounts f o r  a conspicuous break i n  topography i n  an area under la in  
main ly  by Cretaceous metaconglomerate and r e l a t e d  rocks. I n  the  f i e l d ,  the  general 
appearance o f  the  metaconglomerate and r e l a t e d  rocks on opposi te s ides of t h i s  f a u l t  
i s  d i f f e r e n t .  The rocks south o f  the f a u l t  e x h i b i t  d i s t i n c t  s l a t y  cleavage and are 
l ess  sheared than rocks t o  the  nor th.  Throw along t h i s  f a u l t ,  there fore ,  i s  be l ieved 
t o  be several  hundred f e e t  o r  more. 

I n  see, 15, T. 98 N., R. 9 E., Dahl Creek occupies a steep-sided gorge o r  canyon, which 
i s  d i r e c t l y  i n  l i n e  w i t h  the  Dahl Creek f a u l t .  The p o s i t i o n  and s t ra igh tness  of the  
canyon suggest t h a t  t h e  Dahl Creek f a u l t  may have been a c t i v e  again i n  post-Cretaceous 
t ime and t h a t  i t  c u t  t he  Cretaceous metaconglomerate along the  canyon. If so, d isp lace-  
ment must have been very s l i g h t ,  because i t  does n o t  appear t o  have o f f s e t  the  two major 
ove r th rus t  f a u l t s  mapped there.  

The nor th-nor theast- t rending p o r t i o n  o f  the upper ove r th rus t  f a u l t  mapped about 1000 
fee t  east  ~f the  summit o f  Ferguson Peak may r e f l e c t  an unmapped high-angle f a u l t .  
Such a f rac tu re  presumably could extend north-northeastward toward the  center  of sec. 23, 
T. 18 N., R. 10 E., and could o f f s e t  both low-angle ove r th rus t  f a u l t s  mapped i n  t h a t  
sect ion.  I f  so, i t  would appear t h a t  rocks east o f  the  high-angle f a u l t  have been down- 
thrown several hundred feet .  Th is  would be reasonable i f  i t  could be shown t h a t  the 
lower ove r th rus t  f a u l t  i s  south r a t h e r  than no r th  o f  t he  smal l  body of s e r p e n t i n i t e  



mapped near Juan i ta  Creek. Such an i n t e r p r e t a t i o n  i s  d i f f i c u l t  t o  prove, however, 
because o f  a l ack  o f  outcrops. 

MINOR FOLDS AND CRENULATIONS 

Minor  f o l d s  and c renu la t ions  were observed i n  many places, b u t  were mapped o n l y  
where especi a1 l y  obvious o r  abundant. Small a n t i c l i n e s  were mapped i n  greenstone 
near the  head of Harry Creek and i n  metaconglomerate on Inerevuk Mountain. These 
fo lds  a re  as much as 10 fee t  wide and 4 f e e t  high. Greenstone no r th  o f  Harry Creek 
a l so  d isp lays  t i g h t  chevron f o l d s  as much as a few inches h igh  on the  f l a n k s  o f  broad 
f o l d s  as much as 5 f e e t  h igh  ( f i g  11). S i m i l a r  chevron fo lds and c renu la t ions  were 
observed i n  p h y l l i t e  near Dahl and Wonder Creeks, and i n  s c h i s t  on the  west s ide  of 
t h e  Kogoluktuk R iver  no r th  o f  the g r a n i t e  p luton.  The s i g n i f i c a n c e  o f  these fo lds i s  
uncer ta in.  Some may have formed dur ing  g r a n i t e  emplacement and reg iona l  metamorphism. 
Others, e s p e c i a l l y  those which i n v o l v e  Cretaceous s t r a t a ,  presumably formed dur ing the  
episode o f  dynamic ,metamorphism t h a t  accompanied ove r th rus t  faul  t i ng . 

F igure  11 
Folded metatuff (greenstone) near the  center  of 
sec. 2, T. 18 N., R. 9 E., no r th  o f  Harry Creek. 
Small chevron f o l d s  a r e  superimposed on the 
f lanks of broader f o l d s *  



M E T A M O R P H I S M  

A d e t a i l e d  d iscuss ion  o f  metamorphism i s  beyond the  scope o f  t h i s  r e p o r t ,  b u t  th 
main k inds are recognized. An e a r l y  episode o f  progress ive reg iona l  metam~rph isn~ 
accompanied emplacement o f  g r a n i t e  i n  E a r l y  Cretaceous t ime. Rocks metamorphosed 
a t  t h a t  t ime are  main ly  i n  t he  greensch is t  f ac ies .  The h ighes t  grade metamorphic 
index minera ls  a re  garnet  and b i o t i t e ,  However, some o f  t he  muscovite s c h i s t  and 
amphibole-bearing rocks c loses t  t o  t h e  g r a n i t e  resemble rocks  c h a r a c t e r i s t i c  of 
t h e  lower p a r t  o f  t he  amphibol i te  f ac ies .  A l a t e r  episode o f  dynamic metamorphism 
accompanied ove r th rus t  f a u l t i n g  o f  s t r a t a  as young as L a t e  Cretaceous. Rocks a f f e c t e d  
by t h a t  metamorphism are  p r i m a r i l y  i n  t he  lower p a r t  o f  the  greenschis t  f ac ies .  Most 
muscovite i s  completely r e c r y s t a l l i z e d ,  and i n  some places the  rocks con ta in  b i o t i t e  
which appears t o  be new. 

S l i g h t  re t rog rade  metamorphism a l so  has a f f e c t e d  some o f  t he  rocks i n  t he  area. 
Retrograde changes such as the  p a r t i a l  a l t e r a t i o n  o f  garnet  and b i o t i t e  t o  c h l o r i t e  
are t y p i c a l .  

Glaucophane-bearing rocks have been found n o r t h  o f  the  Shungnak quadrangle ( I .  L. 
T a i l l e u r  and R. B. Forbes, o r a l  cummunication, 1969), bu t  have n o t  been observed by 
the  w r i t e r  i n  t h i s  area. Glaucophane forms under cond i t ions  o f  h igh  pressure bu t  low 
temperature. Such cond i t ions  presumably ex i s ted  i n  and near the  Cosmos H i l l s  dur ing  
the  episode o f  dynamic metamorphism i n  La te  Cretaceous o r  post-Cretaceous t ime. The 
r e l a t i o n s h i p  between t h i s  metamorphism and the  g l  aucophane, however, i s  uncer ta in .  

G E O L O G I C  H I S T O R Y  

The geo log ic  h i s t o r y  o f  the Cosmos H i l l s ,  exc luding m i n e r a l i z a t i o n  a t  Born i te ,  i s  
sumnarized as fo l lows:  

1. Precambrian and Ea r l y  Paleozoic events f o r  which no evidence i s  exposed here. 

2. Depos i t ion  o f  thousands o f  f e e t  o f  marine p e l i t i c  and f o s s i l i f e r o u s  carbonate 
sediments, i n c l u d i n g  more than 2,000 f e e t  o f  d o l o m i t i c  l imestone o f  Middle 
Devonian age. Contemporaneous vo l can i c  a c t i v i t y ,  w i t h  much i n t e r l a y e r i n g  of 
pe l  i t i c  and vo l can i c  s t r a t a  and minor f o s s i  l i f e r o u s  l imestone o f  probable Ea r l y  
Paleozoic  (poss ib le  Devonian) age. 

3. La te  Paleozoic  and Ea r l y  Mesozoic events f o r  which no evidence i s  exposed here. 
I n f e r r e d  deep b u r i a l  o f  t h e  Devonian s t r a t a .  

4. Beginning o f  u p l i f t  and eros ion  along the  Brooks Range g e a n t i c l i n e  i n  Jurass ic  
t ime (Payne, 1955). Emplacement o f  u l t r a m a f i c  igneous rocks o f  Ju rass i c (? )  age 
now represented by serpent i  n i  t e .  

5. Emplacement o f  g r a n i t e  o f  E a r l y  Cretaceous age now exposed near the  Kogoluktuk 
R iver .  Contemporaneous doming and reg iona l  metamorphism. 

6. Block f a u l t i n g  i n  l a t e -  o r  pos t -Ear ly  Cretaceous t ime, w i t h  fo rmat ion  of a h o r s t  
s i x  m i l e s  wide conta in ing  the  g r a n i t e  and domed s c h i s t .  Continued u p l i f t  and 
eros ion  along the  Brooks Range g e a n t i c l  ine.  

7. Depos i t ion  of thousands o f  f e e t  o f  conglomerate, sandstone, and mudstone of Ear l .  
t o  La te  Cretaceous age der ived,  i n  p a r t ,  from rocks o f  Paleozoic  age. 



8. Deformation i n  La te  Cretaceous and ( o r )  post-Cretaceous t imeF i n c l u d i n g  the  
fo l l ow ing  events: 

a. Folding and ( o r )  t i l t i n g  and f a u l t i n g  o f  Upper Cretaceous s t r a t a .  

b. Overthrust  f a u l t i n g  from the south-southwest, which placed vo lcan ic  
and p e l i t i c  rocks o f  probable Ear l y  Paleozoic age over fo lded  and 
b lock- fau l  t e d  rocks o f  Devonian t o  Ear l y  Cretaceous age. 

c. Possib le gen t le  arching along an ax is  t rend ing west northwest i n  the 
v i c i n i t y  o f  the Cosmos H i l l s .  

d. Continued o r  renewed s t ress  from t h e  southwest, w i t h  ove r th rus t  f a u l t -  
i n g  o f  p rev ious ly  deformed Upper Cretaceous s t r a t a  against  and across 
a bu t t ress  o f  p rev ious ly  deformed Paleozoic s t r a t a  i n  the  v i c i n i t y  o f  
t h e  Cosmos H i l l s .  Contemporaneous dynamic metamorphism, i nc lud ing  
pervasive shearing and s t r e t c h i n g  o f  pebbles and cobbles, and l o c a l  
c r e n u l a t i  on o f  stretched-pebble conglomerate, especi a1 l y  a t  Ferguson 
Peak. Contemporaneous i n t e r n a l  deformation o f  Upper Cretaceous s t r a t a ,  
w i t h  l o c a l  o v e r r i d i n g  o f  interbe'dcled conglomerate, sandstone, and 
phyl l i t e  across patches o f  basal ( ? )  s l a t y  conglomerate (Kc). Possib le 
gen t le  fo ld ing  of t he  over thrus t  f a u l t s  i n  t h e  v i c i n i t y  o f  Ferguson Peak. 

9. High-angle f a u l t i n g  o f  both t h r u s t  p la tes  and under ly ing rocks. 

10. Erosion which produced the  present Cosmos H i l l s  window. Th is  erosion included 
g l a c i a t i o n  i n  Ple is tocene time, espec ia l l y  along the  v a l l e y  o f  t he  Kogoluktuk 
River.  

E C O N O M I C  G E O L O G Y  

The p r i n c i p a l  minerals o f  economic value recovered from the Shungnak D-2 quadrangle 
are go ld  and jade. A l i t t l e  prospect ing f o r  asbestos has been done, b u t  no commercial 
deposits have been found i n  t h i s  area. Asbestos has been mined b r i e f l y ,  however, i n  
the adjacent Ambler R iver  quadrangle. 

GOLD 

Gold prospect ing and p lacer  mining i n  the  Cosmos H i l l s  began more than 70 years ago. 
G r i n n e l l  (1901 ) described the  a c t i v i t i e s  o f  prospectors along the  Kowak [Kobuk] and 
Kogoluktuk Rivers dur ing the  go ld  rush o f  1898 and the  mass exodus o f  most of those 
men i n  1899. A few prospectors who remained i n  the Cosmos H i l l s  were successful  on 
the  Shungnak R ive r  and Dahl Creek, bu t  o n l y  f o u r  claims were a c t i v e  on those streams 
by 1905 ( ~ r o o k s ,  1906, p 8).  By 1909, Dahl Creek was the  l a r g e s t  producer i n  t h e  
Shungnak mining d i s t r i c t  (Brooks and others, 1910, p 46). [Note: the  name Shungnak 
apparent ly was der ived from Ashigonak, t h e  Eskimo word f o r  a prominent "green-stone 
mountain" now known as Jade Mountain, which i s  about 30 mi les  northwest of Kobuk 
(Cantwell, 1884, p 57). Maps and repor ts  concerning the  Shungnak mining d i s t r i c t  
publ ished p r i o r  t o  1931 re fer red t o  the present v i l l a g e  of Kobuk as Shungnak. The 
Kobuk post  o f f i c e  was establ ished i n  1928. The resent  v i l l a g e  o f  Shungnak i s  
approximately seven mi les  west of Kobuk ( f i g  1) .  ! 



Dahl Creek 

Two main p lace r  deposi ts  along Dahl Creek were worked i n t e r m i t t e n t l y  f o r  go ld  from 
1898 t o  1961. They a re  separated by a narrow, b o u l d e r - f i l  l e d  canyon, which extends 
from the SW 1/4, SE 114, sec. 10, T. 18 N a y  R. 9 E., t o  the  center o f  t he  SW 1/4 
sec. 15. The upper depos i t  reaches approximately one m i l e  from the  head o f  t he  can- 
yon t o  the  SE 1/4 sec. 3. The lower depos i t  reaches about one-half  m i l e  from the 
mouth o f  the  canyon t o  the  n o r t h  end o f  an abandoned a i r  s t r i p  i n  sec. 21. 

The upper and lower p lacer  deposi ts  occupy d i f f e r e n t  environments o f  deposi t ion.  The 
upper one i s  under la in  by bedrock, which acted as na tu ra l  r i f f l e s .  This  deposi t  occu- 
p ies  a la rge ,  ung lac ia ted  v a l l e y  and i s  fed  by several  important  t r i b u t a r y  streams. 
The g rad ien t  o f  Dahl Creek the re  i s  approximately 150 f e e t  per mi le .  Gravel l a i d  down 
along t h a t  creek i s  5 t o  25 f e e t  t h i c k ,  and go ld  was concentrated near the base of the  
gravel .  I n  cont ras t ,  the lower p lace r  deposi t  i s  under la in  by g l a c i a l  d r i f t  o f  
P le is tocene age, which was described by Fernald (1964). Gold i n  the  lower 'p lacer  was 
found main ly  on f a l s e  bedrock s t r a t a  commonly less  than 10 f e e t  beneath the  sur face 
(Smith and Eakin, 1911, p 292-294). Shaf ts  sunk 25 t o  80 f e e t  through til l penetrated 
barren grave l  and f a i l e d  t o  reach bedrock (Reed, 1932, p 31-36). The lower p lacer  
depos i t  does n o t  occupy a l a r g e  v a l l e y  and i s  f ed  on ly  by Dahl Creek. The l o c a l  stream 
g rad ien t  there,  however, i s  comparable t o  t h a t  i n  the  upper p lacer  area. The lower 
p lace r  depos i t  cannot be o lde r  than Ple is tocene.  The upper p lacer  depos i t  i s  be l ieved 
t o  be mainly,  if n o t  e n t i r e l y ,  P le is tocene i n  age. 

The upper p lace r  depos i t  on Dahl Creek was the  r i c h e s t .  Gold was most abundant near 
t h e  mouth of Wye Creek, where the  under ly ing  bedrock i s  p h y l l i t e  c u t  by quar tz  ve ins 
one i nch  t o  four  fee t  t h i c k .  Most o f  the  go ld  recovered was f ine-gra ined and angular 
t o  subangular, and some was even spongy (Smith and Eakin, 1911, p 293). Wire go ld  was 
rare .  The a n g u l a r i t y  and sponginess of t he  go ld  i nd i ca ted  t h a t  i t  had n o t  t rave led  f a r .  
Several l a r g e  nuggets a l so  were found i n  t h a t  area. The b igges t  was found i n  1911 and 
weighed nea r l y  t h ree  pounds. I t  was valued a t  about $600, w i t h  go ld  worth approximately 
$16.50 per  t r o y  ounce. Brooks (1912, p 42) described t h a t  nugget as a la rge ,  t h i n ,  sub- 
angular s lab  o f  go ld  t o  which no quar tz  was attached. Smith and Eakin (idem.), however, 
described a f a i r l y  w e l l  worn, 4-ounce nugget t o  which a considerable amount of greasy- 
looking,  m i l k y  quar tz  was attached. The presence o f  quar tz  on t h i s  nugget and the  
presence o f  specks o f  f r e e  go ld  i n  quar tz  ve ins o f  t h e  d i s t r i c t  l e d  t o  the  conclus ion 
t h a t  the go ld  was der ived from au r i f e rous  quar tz  ve ins c lose t o  the  upper p lacer  deposi t  
on Dahl Creek. 

The lower p lace r  depos i t  was n o t  as r i c h  as the  upper one main ly  because o f  locat ion. ,  
The lower p lace r  i s  f a r t h e r  from the  bedrock source. Furthermore, the  b o u l d e r - f i l l e d  
canyon upstream from t h i s  depos i t  undoubtedly trapped a c e r t a i n  amount o f  d e t r i t a l  gold, 
which d i d  n o t  reach t h e  lower p lacer .  I n  general,  the  go ld  found i n  t h i s  p lace r  was 
f ine-grained, somewhat rounded and s h o t - l i  key  l a r g e l y  because o f  the  greater  d is tance i t  
t rave led .  

Other m e t a l l i c  minera ls  o f  i n t e r e s t  found i n  the  Dahl Creek p lacer  concentrates inc lude 
abundant magneti te,  and subordinate chromi t e  and n a t i v e  s i l v e r .  The magneti te undoubt- 
ed l y  was der ived from s e r p e n t i n i t e  and metavolcanic rocks i n  t he  v i c i n i t y  of Dahl Creek, 
which conta in  abundant accessory magneti te.  Smith and Eakin (idem.) repor ted  chromite 
boulders as much as one foot  i n  diameter, which most l i k e l y  were der ived from se rpen t i n i t e .  
They a l so  described and analyzed nuggets of n a t i v e  s i l v e r a s  much as one i n c h  i n  diameter, 
the source o f  which i s  unknown. The authors emphasized t h e  l ack  o f  garnet  i n  t he  concen- 
t r a t e s ,  which c l e a r l y  r e f l e c t s  the  low metamorphic grade o f  rocks i n  the  source area., 



Mining methods on Dahl Creek have var ied .  Spasmodic s l u i c i n g  was done from 1898 t o  
1906, and systemat ic  min ing by s l u i c i n g  began i n  1907 (Brooks and others,  1909, p  59; 
1925, p  51). Hydrau l i c  min ing was repo r ted  dur ing  the  pe r i od  1922-1926 (Brooks and 
others, 1924, p  49; Smith and others,  1929, p  28). Th i s  work was done i n  t h e  SE 114 
sec. 3, T. 18 N., R. 9  E., where h y d r a u l i c  min ing equipment s t i l l  can be seen. During 
t h e  pe r i od  1927-1940, from one t o  f o u r  a c t i v e  c la ims on Dahl Creek were mentioned 
b r i e f l y  i n  U. S. Geologica l  Survey B u l l e t i n s  concerning t h e  minera l  resources o f  Alaska, 
bu t  h y d r a u l i c  min ing was no t  recorded. C.  E. S tou t  ( o r a l  communication, 1968) repo r ted  
t h a t  more hyd rau l i c  min ing was done near t h e  mouth o f  Wye Creek du r i ng  t h e  pe r i od  
1938-1956. During the  pe r i od  1954-1961, S tou t  reworked much o f  t h e  b e t t e r  p lace r  ground 
on Dahl Creek, and was most successfu l  i n  t h e  area unde r la in  by p h y l l i t e  near the mouth 
o f  Wye Creek. Numerous p i l e s  o f  g rave l  s t r i p p e d  by bu l l doze r  a t  t h a t  t ime  now a re  
v i s i b l e  along Dahl Creek (see photograph on cover) .  Gold was recovered by s l u i c i n g  
and the  use o f  mercury w i t h  copper p la tes .  

To ta l  g o l d  p roduc t ion  f i g u r e s  f o r  t he  Dahl Creek p lacers  have n o t  been publ ished. How- 
ever, p r i v a t e  records suggest t h a t  more than 300 ounces o f  go ld  per year  were produced 
dur ing  c e r t a i n  favorab le  per iods.  I t  i s  poss ib le ,  there fo re ,  t h a t  t he  t o t a l  p roduc t ion  
reached 20,000 ounces, bu t  t h i s  est imate may be high. 

Cal i f o r n i  a  Creek 

A go ld-bear ing p l a c e r  depos i t  was discovered on C a l i f o r n i a  Creek i n  1918 i n  a  p o s i t i o n  
comparable t o  t h a t  o f  t he  upper p lace r  depos i t  o f  Dahl Creek. A narrow, b o u l d e r - f i l l e d  
canyon, which i s  c u t  i n t o  ga rne t i f e rous  greenstone, extends across t h e  eastern h a l f  o f  
sec. 21 and the  western h a l f  o f  sec. 22, T. 18 N., R. 10 E. The C a l i f o r n i a  Creek p lace r  
depos i t  reaches a t  l e a s t  3 /4  o f  a  m i l e  from the  head o f  t h a t  canyon eastward t o  t h e  
SW 114 sec. 14. Th is  depos i t  occupies an ung lac ia ted  v a l l e y  f e d  by severa l  impor tan t  
t r i b u t a r y  streams, which d r a i n  an area unde r la in  ma in ly  by phyl  li t e  and metavolcanic 
rocks. The p h y l l i t e  i s  c u t  by numerous quar tz  veins. Gold i n  t he  p lace r  depos i t  
presumably was der ived  from those ve ins  o r  s i m i l a r  ones removed by eros ion.  The age of 
t h i s  depos i t  i s  be l ieved t o  be main ly  P le is tocene l i k e  t h a t  o f  t he  upper p l a c e r  depos i t  
of Dahl Creek. 

The C a l i f o r n i a  Creek depos i t  cons is ts  o f  g rave l  which i s  s l i g h t l y  coarser g ra ined than 
t h a t  o f  t he  upper p lace r  depos i t  on* Dahl Creek. The coarser g r a i n  s i z e  i s  due p a r t l y  
t o  stream g rad ien t  and p a r t l y  t o  p r o x i m i t y  t o  r e s i s t a n t  metavolcanic rocks. The l o c a l  
g rad ien t  o f  C a l i f o r n i a  Creek i s  approximately 200 f e e t  per m i l e .  The grave l  conta ins 
numerous boulders as much as severa l  f e e t  i n  diameter der ived  from greenstone and green- 
s c h i s t  exposed nearby. Gold was found main ly  i n  t he  lower p a r t  o f  t h e  grave l  c lose  t o  
bedrock. 

The C a l i f o r n i a  Creek p lace r  depos i t  was mined i n t e r m i t t e n t l y  from 1918 t o  1940 
(Cathcar t ,  1920, p  197; Smith, 1942, p  64).  E a r l y  min ing probably  was done by s l u i c i n g ,  
bu t  hyd rau l i c  min ing  equipment was i n s t a l l e d  i n  1922 (Brooks and o thers ,  1924, p  49). 
By 1924, hyd rau l i c  min ing on C a l i f o r n i a  Creek was considered t h e  f i r s t  la rge-sca le  min ing 
opera t ion  i n  t h e  Shungnak d i s t r i c t ,  and by 1926, t h i s  opera t ion  was t h e  l a r g e s t  producer 
i n  t he  d i s t r i c t  (Brooks and others,  1925, p  52; Smith and o thers ,  1929, p  28). Flumes, 
mining equipment, and p i l e s  o f  s t r i p p e d  grave l  s t i l l  can be seen along the  creek, b u t  
p roduc t ion  records are  n o t  ava i l ab le .  To ta l  p roduc t ion  probably d i d  n o t  exceed t h a t  of 
Dahl Creek (Guy Moyer, o r a l  cummuni ca t i on ,  1968). 



Lynx Creek 

Small-scale mining o f  a p lacer  deposi t  on Lynx Creek was done from 1912 a t  l e a s t  
u n t i l  1940 (Brooks and others,  1913, p 50; Smith, 1942, p 64).  This  depos i t  extends 
from the  NE 1/4 sec. 9 t o  the  southern p a r t  o f  sec. 3, T. 18 N . 3  R. 10 E.  The l o c a l  
stream g rad ien t  ranges from 240 t o  370 f e e t  per m i l e .  The main workings were loca ted 
where the stream grad ien t  was r e l a t i v e l y  low i n  the  NE 114 sec. 9 and NW 114 sec. 10. 
Reed (1932, p 47-48) repor ted smal le r  workings i n  two places i n  t he  southern p a r t  of 
sec. 3. The Lynx Creek p lacer  deposi t  cons is ts  o f  a t h i n  veneer o f  gravel  l y i n g  on 
garnet i ferous muscovite s c h i s t  and r e l a t e d  rocks, which are  c u t  by quar tz  veins. Gold, 
presumably der ived from quartz  veins, was found main ly  c lose  t o  bedrock, which acted 
as na tu ra l  r i f f l e s .  Gold was recovered p r i m a r i l y  by s l u i c i n g .  Reed (idem. ) repor ted 
t h a t  approximately h a l f  o f  the go ld  was smal l  nuggets, and the  r e s t  was s h o t - l i  ke. No 
product ion f i g u r e s  have been pub1 ished, bu t  the  depos i t  contained enough go ld  t o  support 
a 1- o r  2-man min ing opera t ion  f o r  a t  l e a s t  28 years. 

JADE 

The word jade i n  proper techn ica l  terminology r e f e r s  t o  e i t h e r  j a d e i t e  o r  nephr i te  
(American Geological I n s t i t u t e ,  1957, p 157). Both minera ls  a re  hard, tough, and 
commonly green. They are  used p r i m a r i l y  f o r  making j ewe l r y  and carved ornaments. 
Jadei te,  a v a r i e t y  o f  pyroxene, i s  a sodium-aluminum s i l i c a t e .  Nephr i te ,  a v a r i e t y  o f  
amphibole, i s  a calcium-magnesium-iron s i  1  i cate. Nephr i te  a c t u a l l y  i s  compact, f i n e -  
gra ined t r e m o l i t e  o r  a c t i n o l i t e ,  b u t  can be mistaken f o r  bowenite, which i s  a moderately 
tough v a r i e t y  o f  serpent ine (Ford, 1947, p 574, 675). 

I n  western A r c t i c  Alaska, t r u e  jade cons is ts  o f  nephr i te .  Jadei t e  has no t  been found i n  
t h i s  region.  Nephr i te ,  however, was found dur ing e a r l y  exp lo ra t i on  o f  Jade Mountain 
(Cantwel l ,  1884, p 57-60). Four samples from t h a t  l o c a l i t y  were described and analyzed 
by Clarke and M e r r i l l  (1888). The analyses were republ ished by Smith (1913, p 155) and 
Smith and M e r t i e  (1930, p 345). Nephr i te  a l so  has been repor ted  from Asbestos Mountain 
(Coats, 1943). A t  both l o c a l i t i e s ,  nephr i t e  i s  associated w i t h  se rpen t i n i  t e .  Because 
of t h i s  associat ion,  serpent i  n i  t e  and serpent ine commonly are  m i s i d e n t i f i e d  as jade. 

Since 1958, green boulders der ived from s e r p e n t i n i t e  have been recovered from p lacer  
t a i l i n g s  along Dahl Creek f o r  s a l e  as jade. These boulders are as much as several f ee t  
i n  diameter. T h e i r  composit ion and t e x t u r e  vary  markedly. Some may conta in  nephr i te ,  
b u t  many undoubtedly a re  composed l a r g e l y  o f  serpent ine. Many o f  them a re  h i g h l y  sheared, 
because the  source rocks i n  t h i s  area have been invo lved i n  s t rong t e c t o n i c  a c t i v i t y .  
The source rocks a l so  have been subjected t o  severe f r o s t  ac t ion ,  which tends t o  enlarge 
previous f rac tu res .  

The cu r ren t  jade min ing opera t ion  on Dahl Creek i s  conf ined main ly  t o  the  upper p lacer  
deposi t .  Boulders are  moved w i t h  the  a i d  o f  a smal l  bu l ldozer .  They are  c u t  w i t h  a 
l a r g e  diamond saw i n  the  f i e l d  t o  f a c i l i t a t e  handl ing and t o  determine t h e i r  i n t e r n a l  
composit ion, t ex tu re ,  and co lo r .  H igh ly  sheared and f r a c t u r e d  rock  i s  undesirable, 
because i t  w i l l  n o t  remain i n t a c t  dur ing  g r i nd ing  and po l i sh ing .  Small seams and l aye rs  
of r e l a t i v e l y  unsheared ma te r ia l ,  on the  o ther  hand, can be used t o  make cabochons. I n  
1968, t he  w r i t e r  observed f ib rous  , chatoyant ma te r i a l  from which very a t t r a c t i v e  cabochrons 
had been made. He a l so  saw s labs o f  r e l a t i v e l y  unsheared, b e a u t i f u l l y  banded and mo t t l ed  
serpent ine s u i t a b l e  f o r  l ap ida ry  products such as bookends, pen holders, and o ther  orna- 
mental ob jec ts .  Completely unsheared o r  un f rac tured ma te r ia l ,  however, i s  ra re .  The 
cu r ren t  p r i c e  o f  t h e  so-ca l led  jade i n  the  f i e l d  i s  $1 o r  more per  pound, depending upon 
the  q u a l i t y  of t he  ma te r ia l  and the  q u a n t i t y  ava i l ab le .  



G E O C H E M I S T R Y  

Geochemical work invo lved the  c o l l e c t i o n  and ana lys is  o f  124 samples o f  sediments 
from 10 main drainage basins i n s i d e  the  Casmos H i l l s  window. The d i s t r i b u t i o n  o f  
samples i s  shown on f i g u r e  12 ( i n  pocket).  Sampling was confined t o  v a l l e y s  t r i b -  
u t a r y  t o  Dahl Creek and the  Kogoluktuk River ,  because d e t a i l e d  mapping o f  bedrock 
there provided the  bes t  poss ib le  c o n t r o l  f o r  i n t e r p r e t a t i o n  of geochemical data. 
Most ma te r i a l s  c o l l e c t e d  were grab samples o f  t he  f i nest -gra i  ned stream sediments 
ava i lab le .  However, appropr ia te  stream sediments a re  d i f f i c u l t  t o  f i n d  where stream 
grad ien ts  a re  steep o r  va l l eys  are  r e l a t i v e l y  dry. As a r e s u l t ,  s o i l s  a lso  were 
sampled where necessary, e s p e c i a l l y  i n  the  unnamed v a l l e y  south southeast o f  Inerevuk 
Mountain. Atomic absorpt ion analyses f o r  f o u r  elements and spectrographic analyses 
f o r  t h i r t y  elements were done by the  U. S. Geological Survey i n  Anchorage, Alaska. 
The r e s u l t s  o f  t h a t  work a re  l i s t e d  i n  t a b l e  1 ( i n  pocket).  Elements are  grouped 
according t o  common world-wide associat ion.  Values f o r  bismuth, cadmi um, antimony, 
t i n ,  and tungsten are no t  reported, because those elements were n o t  detected, Values 
f o r  copper, lead, and z i n c  were obtained by both methods. 

GOLD 

Gold appears t o  be most abundant eas t  o f  the  Dahl Creek f a u l t  i n  t h i s  quadrangle. 
Atomic absorpt ion analyses i n d i c a t e  a maximum o f  0.9 pprn go ld  i n  a sample c o l l e c t e d  
i n  the canyon o f  C a l i f o r n i a  Creek downstream from the  s i t e  o f  an abandoned h y d r a u l i c  
min ing operat ion.  The go ld  i n  t h i s  sample probably was f ine-gra ined d e t r i  t a l  ma te r i a l .  
I t  may have been c a r r i e d  t o  the  sample l o c a l i t y  dur ing  a per iod  o f  h igh  run-off r e l a t e d  
t o  the  min ing operat ion,  b u t  could have been deposited dur ing  normal sedimentation. 
Values o f  0.2 ppm found i n  samples from Lynx and Wye Creeks a l so  probably i n d i c a t e  f ine-  
gra ined d e t r i t a l  go ld.  

COPPER 

Copper appears t o  be most abundant i n  greenstone and l e a s t  abundant i n  dolomotic l ime- 
stone i n  t h i s  area. Furthermore, copper i s  no t  abundant near t he  i n t r u s i v e  g r a n i t e  
p lu ton  exposed near the Kogoluktuk River .  Atomic absorp t ion  analyses show genera l l y  
low copper values along Lynx Creek and a few values as h igh  as 100-110 ppm i n  the upper 
pa r t s  o f  Harry and Stockley Creeks.- Spectrographic analyses show a s i n g l e  value o f  200 
pprn along Lynx Creek and several  values of 100-150 ppm along Harry and Stockley Creeks. 
These data suggest t h a t  g r a n i t e  and adjacent s t r a t a  a re  n o t  enr iched i n  copper. They 
a l so  suggest t h a t  copper values are h ighes t  i n  sediments der ived,  i n  p a r t ,  from green- 
stone. The data, however, merely r e f l e c t  normal background values fo r  copper i n  green- 
stone. 

LEAD 

Lead appears t o  be most abundant i n  d o l o m i t i c  l imestone i n  the  mapped area. Atomic 
absorpt ion analyses show a maximum lead  value o f  68 ppm i n  the upper p a r t  of the 
v a l l e y  o f  an unnamed creek southeast o f  Inerevuk Mountain. This  v a l l e y  i s  under la in  
main ly  by do lom i t i c  l imestone. The sample from which the  h igh value was obta ined 
consisted almost e n t i r e l y  of f ine-gra ined gray sediment der ived from dolomi t i c  1 ime- 
stone. Other values of 44 and 46 ppm were obtained from samples c o l l e c t e d  i n  adjacent 
va l leys ,  which are under la in ,  i n  p a r t ,  by dolomi t i c  l imestone. 



Z i n c  appears t o  be most abundant near C a l i f o r n i a  and Wye Creeks and an unnamed 
creek eas t  o f  Inerevuk Mountain. Atomic absorp t ion  analyses of samples from those 
creeks show z i n c  values o f  180-200 ppm. Z inc  appears t o  be l e a s t  abundant i n  t h e  
v i c i n i t y  o f  Lynx, Harry,  and S tock ley  Creeks. The data suggest t h a t  greenstone and 
g r a n i t e  i n  t h i s  area do n o t  con ta in  apprec iab le  q u a n t i t i e s  o f  z i nc .  

COBALT 

Cobal t  i s  most abundant i n  s e r p e n t i n i t e .  Values o f  100-700 pprn were ob ta ined  from 
samples de r i ved  l a r g e l y  from s e r p e n t i n i t e  i n  an unnamed v a l l e y  south southeast  of 
Inerevuk Mountain. The upper two samples (map numbers 26 and 27) i n  t h a t  area were 
taken from s o i l  immediate ly  above s e r p e n t i n i t e  bedrock. The lower  t h r e e  samples 
(map numbers 28-30) were taken from v a l l e y  sediments de r i ved  from s e r p e n t i n i t e  and 
ad jacen t  rocks.  A va lue  o f  100 pprn a l s o  was ob ta ined  from a sample c o l l e c t e d  i n  t h e  
unnamed v a l l e y  eas t  o f  Inerevuk Mountain. That  sample i s  be l i eved  t o  have been 
der ived ,  i n  p a r t ,  f rom s e r p e n t i n i t e ,  which forms smal l  bodies near t he  head of t he  
v a l  1  ey. 

CHROMIUM 

Chromium i s  most abundant i n  s e r p e n t i n i t e .  Values o f  1500-5300 ppm were obta ined from 
samples de r i ved  l a r g e l y  f rom s e r p e n t i n i t e  i n  t h e  v a l l e y  south southeast  o f  Inerevuk 
Mountain. Values o f  1500-3000 pprn a l s o  were ob ta ined  from samples c o l l e c t e d  i n  t he  
v a l l e y  eas t  o f  Inerevuk Mountain. Those samples presumably were der ived,  i n  p a r t ,  
f rom smal l  bodies o f  se rpen t i  n i  t e .  

NICKEL 

N i cke l  i s  most abundant i n  s e r p e n t i n i t e .  Values o f  1500 t o  much more than  5000 pprn 
were ob ta ined  f rom samples de r i ved  from s e r p e n t i n i t e  i n  t he  v a l l e y  south southeast of 
Inerevuk Mountain. Values o f  1000-1500 pprn a l s o  were ob ta ined  from samples co l  l e c t e d  
i n  t h e  unnamed v a l l e y  eas t  o f  Inerevuk Mountain. Those samples a re  be l i eved  t o  have 
been der ived ,  i n  p a r t ,  f rom smal l  bodies o f  s e r p e n t i n i  t e .  

OTHER ELEMENTS 

Spect rographic  analyses f o r  o t h e r  elements do n o t  r evea l  concen t ra t ions  o f  economic 
i n t e r e s t .  The analyses f o r  magnesium a re  i n t e r e s t i n g ,  however, as they  show h igh  
va lues i n  sediments de r i ved  from l imestone as w e l l  as s e r p e n t i n i t e  west o f  Dahl Creek. 
The da ta  i n d i c a t e  c l e a r l y  t h a t  t h e  l imestone i s  dolomi t i c .  High values f o r  ca lc ium 
i n  t h a t  r o c k  i n d i c a t e  an abundance o f  c a l c i t e .  

C O N C L U S I O N S  A N D  G U I D E S  T O  P R O S P E C T I N G  

The most impo r tan t  r e s u l t s  o f  t h e  recen t  work a re  as f o l l o w s :  

( 1  ) Four lnai n  s t r a t i g r a p h i c  formatio,ns have been recognized. Three a re  Paleozoic  i n  
age. One i s  Cretaceous i n  age. Metavolcanic  rocks p r e v i o u s l y  thought  t o  be 
J u r a s s i c ( ? )  i n  age a r e  in terbedded w i t h  c r i no id -bea r i ng  1 imestone of probable 
E a r l y  Paleozoic  ( p o s s i b l e  Devonian) age. The metavolcanic  rocks,  there fo re ,  a re  
Paleozoic  r a t h e r  than  J u r a s s i c ( ? )  i n  age. 



(2)  The d i s t r i b u t i o n  o f  domed, porphyrob las t ic ,  a l b i t i c  and ga rne t i f e rous  rocks 
near an i n t r u s i v e  g r a n i t e  p l u t o n  of E a r l y  Cretaceous age has been mapped. 
Doming and progressive reg iona l  metamorphism are r e l a t e d  t o  emplacement o f  
the  g ran i te .  

( 3 )  High-angle b lock f a u l t i n g  and low-angle ove r th rus t  f a u l t i n g  a r e  f a r  more 
important  than p rev ious l y  supposed. The high-angle f a u l t s  a re  character ized 
by displacements o f  as much as 1500 fee t .  The low-angle f a u l t s  a re  character- 
i zed  by displacements o f  as much as 12 mi les .  

(4 )  The p r i n c i p a l  geologic  s t r u c t u r e  i n  the  Cosmos H i l l s  i s  a window framed by 
a1 locthonous rocks d i s p l  aced along two major ove r th rus t  f a u l t s .  Metavol cani c  
and metasedimentary rocks o f  probable E a r l y  Paleozoic (poss ib le  Devonian) age 
have been t h r u s t  over dolomi t i c  1 imestone o f  Middle Devonian age. Metasedimentary 
rocks o f  Cretaceous age have been t h r u s t  over t he  metavolcanic and metasedimentary 
rocks o f  probable Ea r l y  Paleozoic age. Dynamic metamorphism o f  the  Cretaceous 
s t r a t a  accompanied the  l a t e s t  ove r th rus t  f a u l t i n g .  

( 5 )  Another major s t r u c t u r e  i s  a h o r s t  s i x  m i l es  wide, which i s  i n s i d e  the  Cosmos 
Hi1 1s window. The h o r s t  inc ludes the  i n t r u s i v e  g r a n i t e  p l u t o n  and surrounding 
domed s t r a t a .  The h o r s t  formed dur ing  an episode o f  b lock  f a u l t i n g  a f t e r  g r a n i t e  
emplacement bu t  be fore  ove r th rus t  f a u l t i n g .  

( 6 )  La te  high-angle f a u l t s  character ized by displacements o f  several  hundred f e e t  c u t  
the  ove r th rus t  f a u l t s .  

( 7 )  Concentrations o f  p lace r  go ld  i n  t h i s  area were g rea tes t  where streams character- 
i z e d  by gradients o f  150-200 feet  per m i l e  are under la in  by weakly metamorphosed 
p e l i t i c  rocks c u t  by aur i ferous quar tz  veins. I f  lode go ld  deposi ts  are present 
i n  the mapped area, they most 1 i k e l y  w i  11 be found i n  environments 1 i ke those near 
Wye and C a l i f o r n i a  Creeks, where nongarnet i ferous p h y l l i t e  i s  c u t  by quar tz  ve ins 
as much as f o u r  f e e t  wide. 

(8) Jade der ived from s e r p e n t i n i t e  i s  most p l e n t i f u l  i n  the  western p a r t  of t h e  mapped 
area, where smal l  bodies o f  s e r p e n t i n i t e  are most numerous. The l a r g e s t  body o f  
se rpen t i n i  t e ,  however, i s  a nor theas t - t rend i  ng , southeast-dipping , s i  11-1 i ke sheet 
exposed about one m i l e  west o f  Ferguson Peak. I t  i s  poss ib le  t h a t  jade i s  present 
i n  co l luv ium on the  northwest s i d e  o f  t h a t  sheet. 

(9 )  The s e r p e n t i n i t e  a l so  contains smal l  amounts o f  asbestos. However, most of t he  
rock i s  h i g h l y  sheared as a r e s u l t  o f  s t rong t e c t o n i c  a c t i v i t y .  The shearing and 
smal l  s i z e  o f  most o f  the s e r p e n t i n i t e  bodies makes i t  u n l i k e l y  t h a t  the rock  i n  
t h i s  area contains asbestos deposits o f  economic i n t e r e s t .  The l a r g e  s i  11-1 i ke 
sheet near Ferguson Peak, however, might  be worthy o f  f u r t h e r  i n v e s t i g a t i o n .  

(10) Geochemical data show t h a t  coba l t ,  chromium, and n i c k e l  a re  most abundant i n  
se rpen t i n i  t e ,  which normal ly  contains more o f  these elements than o the r  rocks. 
The data do no t  i n d i c a t e  t h a t  t he  s e r p e n t i n i t e  c o n s t i t u t e s  an important  source o f  
coba l t ,  chromium, o r  n i c k e l ,  b u t  the  l a r g e s t  body o f  s e r p e n t i n i t e  near Ferguson 
Peak has no t  been sampled thoroughly. 

(11) The d o l o m i t i c  l imestone i n  the Shungnak D-2 quadrangle apparent ly  does n o t  conta in  
q u a n t i t i e s  o f  copper of economic i n t e r e s t ,  even though the  rock  i s  b recc ia ted  i n  
some places. 



(12) No i n d i s p u t a b l e  evidence has been found t o  r e l a t e  copper m i n e r a l i z a t i o n  t o  
emplacement o f  i n t r u s i v e  g r a n i t e  o r  t o  maf ic  meta-igneous rocks i n  t he  
Shungnak D-2 quadrangle. Geochemical data revea l  no apprec iable enrichment 
i n  copper near t he  g ran i t e .  The h ighes t  copper values were obta ined from 
stream sediments der ived,  i n  p a r t ,  from greenstone (me ta tu f f )  o f  Middle 
Devonian o r  o l d e r  age, b u t  merely r e f l e c t  normal background copper values f o r  
t h a t  k i n d  o f  rock. 
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