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GEOLOGY OF THE SPIRIT I'IOUNTAIN NICKEL-COPPER PROSPECT 

AND SURROUNDING AREA 

BY 

Gordon H e r r e i d  

A B S T R A C T  

An a r e a  of 20 s q u a r e  m i l e s  was mapped and 126 geochemical  samples  were t a k e n  i n  t h e  
v i c i n i t y  of t h e  S p i r i t  Mountain n icke l -copper  p r o s p e c t ,  l o c a t e d  n e a r  t h e  n o r t h e r n  edge 
of t h e  Chugach Geosyncl ine .  

Bedded r o c k s  i n  t h e  a r e a  a r e  a  modera te ly  t o  s t e e p l y  n o r r h  d i p p i n g  sequence  of meta- 
v o l c a n i c s ,  impure c h e r t ,  and l i m e s t o n e  be long ing  t o  t h e  M i s s i s s i p p i a n  S t r e l n a  f o r m a t i o n .  
These r o c k s  a r e  up t o  12 ,000  f e e t  t h i c k  a n d ' r e p r e s e n t  a t  l e a s t  e i g h t  d e p o s i t i o n  c y c l e s ,  
each c y c l e  c o n s i s t i n g  of a  b a s a l  v o l c a n i c  graywacke o v e r l a i n  by f i n e - g r a i n e d  c l a s t i c  
sed iments  and impure c h e r t  and l i m e s t o n e .  

These bedded rocks  have been i n t r u d e d  by a  q u a r t z  d i o r i t e  b a t h o l i t h  a t  t h e  s o u t h  edge 
of t h e  map a r e a  and ,  f a r t h e r  n o r t h ,  by two west-nor thwest  t r e n d i n g  b e l t s  of l e n t i c u l a r  
s i l l s  r a n g i n g  from q u a r t z  monzoni te  t o  h o r n b l e n d i t e  and p e r i d o t i t e .  Most a r e  q u a r t z  
d i o r i t e .  The S p i r i t  Mountain nickel-copper  p r o s p e c t  i s  l o c a t e d  a l o n g  t h e  s o u t h e r n -  
most b e l t ,  abou t  1200 f e e t  n o r t h  of t h e  b a t h o l i t h .  Two and one-half  m i l e s  f a r t h e r  
n o r t h ,  a  second zone of s i l l s  h a s  mos t ly  a  q u a r t z  monzoni te  t o  q u a r t z  d i o r i t e  compo- 
s i t i o n .  Some of t h e s e  s i l l s  have produced minor en r i chments  of copper  and l e a d  i n  
p y r i t i z e d  w a l l  r o c k s .  

Geochemical samples  were an layzed  f o r  c o p p e r ,  l e a d ,  z i n c ,  and n i c k e l  by a tomic  absorp-  
t i o n  and f o r  30 e lements  by emiss ion  s p e c t r o g r a p h .  R e s u l t s  show l i t t l e  e x p r e s s i o n  of 
t h e  S p i r i t  Mountain p r o s p e c t  i n  t h e  s t r e a m  s e d i m e n t s .  However, a n  a r e a  two m i l e s  t o  
t h e  west and on s t r i k e  w i t h  t h i s  p r o s p e c t ,  h a s  moderate  s t r e a m  sediment  anomal ies  f o r  
copper  and n i c k e l .  T h i s  a r e a  is beyond t h e  g e o l o g i c  mapping of t h i s  r e p o r t .  P y r i t i z e d  
zones  i n  t h e  n o r t h e r n  a r e a  a r e  r e s p o n s i b l e  f o r  moderate  c o p p e r ,  l e a d ,  and z i n c  anomal ies  
The two zones  of s i l l  i n t r u s i o n s  f a v o r a b l e  f o r  d e p o s i t s  of n icke l -copper  and c o p p e r ,  
r e s p e c t i v e l y ,  ex tend  t o  t h e  e a s t  and west beyond t h e  mapped a r e a .  



The a r e a  i s  1 6  m i l e s  s o u t h e a s t  of C h i t i n a  (fig 1 ) .  It was chosen f o r  mapping b'ecause 
i t  c o n t a i n s  a  n i c k e l  o c c u r r e n c e  nea r  a  major t e c t o n i c  l i n e a m e n t ,  t h e  n o r t h e r n  margin  
of t h e  Chugach Geosync l ine ,  and t h e  geology of t h e  d e p o s i t  and t h e  s u r r o u n d i n g  a r e a  
were s o  l i t t l e  known t h a t  no good a s s e s s n ~ e n t  c o u l d  b e  made of t h e  o r e  p o s s i b i l i t i e s  
of t h e  a r e a .  

F i e l d  work was done from June 1 0  t o  J u l y  20,  1969. Access  was by f l o a t  p l a n e  from 
C h i t i n a  t o  Summit Lake and t r a v e r s e s  were made from t h e r e  on f o o t .  There  is one o l d  
t r a i l  a l o n g  t h e  n o r t h  s i d e  of Summit Lake which e x t e n d s  t o  t h e  Copper R ive r  n e a r  C h i t i n a ,  
but  is r e p o r t e d l y  overgrown w i t h  b rush  ( J a s p e r ,  1960A). There  a r e  no i n h a b i t a n t s  i n  
t h e  map a r e a .  Able a s s i s t a n c e  was g i v e n  by Rober t  Timmer, who took  most of t h e  s t r e a m  
sediment  samples .  F l y i n g  was by Bob Wilson, C h i t i n a ,  f o r  t h e  Cordova A i r  S e r v i c e .  

The a r e a  i s  above t i m b e r l i n e ,  e x c e p t  f o r  a  few s p r u c e  i n  t h e  w e s t e r n  p a r t .  Brush i s  
p r e s e n t  a long  Summit Lake, b u t  n o t  enough t o  s e r i o u s l y  impede wa lk ing  i n  most p l a c e s .  
Bedrock c r o p s  ou t  on t h e  s t e e p e r  s l o p e s  and on r o c h e s  moutonnees i n  t h e  low a r e a  between 
Canyon Creek and Summit Lake. The S p i r i t  Mountain p r o s p e c t  i s  r e p o r t e d  by J a s p e r  t o  be  
snow f r e e  d u r i n g  J u l y ,  August ,  and September.  During J u n e  of 1969,  t h e r e  was l i t t l e  
snow, e x c e p t  i n  deep draws.  Canyon Creek was f o r d a b l e ,  excep t  t h a t  due  t o  g l a c i a l  
me l t  water  t h e r e  were d i f f i c u l t i e s  on warm a f t e r n o o n s .  

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

The a r e a  was f i r s t  mapped i n  1911 by M o f f i t  (1914).  He mapped t h e  r o c k s  a s :  (1)  
C a r b o n i f e r o u s ( ? )  " s l a t e  and s c h i s t ,  l o c a l l y  c o n t a i n i n g  many i n t r u s i v e  masses ,  m o s t l y  
of d i o r i t i c  c h a r a c t e r ,  b u t  w i t h  some more b a s i c  types" ;  ( 2 )  C a r b o n i f e r o u s ( ? )  l ime- 
s t o n e ;  and (3) Pos t -Carbon i fe rous  t o  P o s t - J u r a s s i c  " d i o r i t e  and c l o s e l y  r e l a t e d  g r a n u l a r  
i n t r u s i v e s " .  He showed t h e  l o c a t i o n s  of t h e  S p i r i t  Mountain p r o s p e c t  on Canyon Creek 
and two copper  p r o s p e c t s  on F a l l s  Creek, more o r  l e s s  on s t r i k e  w i t h  t h e  s l i g h t l y  
c u p r i f e r o u s  gossans  n o r t h  of Summit Lake. 

Overbeck (1920) v i s i t e d  t h e  Canyon Creek p r o s p e c t  i n  1917. He r e p e a t e d  M o f f i t ' s  map 
of t h e  r e g i o n  and d e s c r i b e d  t h e  p e r i d o t i t e  and o r e  body on Canyon Creek. 

Kingston and M i l l e r  (1945) examined t h e  p r o s p e c t  i n  1942. They made a  map of t h e  
p e r i d o t i t e  body and d e s c r i b e d  i t s  minera logy  i n  some d e t a i l .  

J a s p c r  (19608 and 1960B), i n  two b r i e f  r e p o r t s ,  summarized t h e  e a r l i e r  work and pre- 
s e n t e d  s e v e r a l  a s s a y s  and a  s k e t c h  map of t h e  d e p o s i t s  west  of Canyon Creek.  

Between t h e  t i m e  of J a s p e r ' s  v i s i t s  i n  1959 and 1969 t h e  d e p o s i t  was d r i l l e d  by a  
Canadian company. The r e s u l t s  of  t h i s  work a r e  n o t  known. 
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G E O L O G Y  

GENERAL GEOLOGY 

Bedrock i n  t h e  map a r e a  i s  a  modera te ly  t o  s t e e p l y  nor th-dipping e u g e o s y n c l i n a l  sequence 
of metavo lcan ics ,  impure c h e r t ,  and l i m e s t o n e  of M i s s i s s i p p i a n ( ? )  age .  A l l  be long t o  
t h e  S t r e l n a  fo rmat ion  ( M o f f i t ,  1938, p  2 2 ) .  South of t h e  map a r e a  t h i s  f o r m a t i o n  ex- 
t e n d s  under  t h e  Cre taceous  sed iments  t h a t  f i l l  t h e  Chugach g e o s y n c l i n e .  The S t r e l n a  
r o c k s  i n  t h e  map a r e a  seem t o  r e p r e s e n t  abou t  e i g h t  g r e a t  c y c l e s ,  each c o n s i s t i n g  
of v o l c a n i c  graywacke (g reens tone)  o v e r l a i n  by f ine -gra ined  c l a s t i c  s e d i m e n t s ,  impure 
c h e r t ,  and l i m e s t o n e  (appendix). 

The S t r e l n a  r o c k s  have been i n t r u d e d  by t h r e e  more o r  l e s s  p a r a l l e l  zones  of igneous  
rock ,  which range  i n  composi t ion from q u a r t z  monzonite t o  h o r n b l e n d i t e ,  b u t  a r e  mos t ly  
q u a r t z  d i o r i t e .  These a r e ,  from s o u t h  t o  n o r t h ,  (1) a  q u a r t z  d i o r i t e  b a t h o l i t h ;  ( 2 )  a 
swarm of l e n t i c u l a r  s i l l s  rang ing  from q u a r t z  d i o r i t e  t o  p e r i d o t i t e  t h a t  was l o c a l i z e d  
a long  a  g r e a t  t h r u s t  f a u l t  and c a r r y  one known nickel-copper  d e p o s i t ;  and (3) a  swarm 
of q u a r t z  d i o r i t e  t o  q u a r t z  monzonite s i l l s  and d i k e s  a s s o c i a t e d  w i t h  gossans  i n  c h e r t y  
w a l l  r o c k s  t h a t  c a r r y  minor amounts of copper ,  l e a d ,  and z i n c .  Old copper  p r o s p e c t s  
on F a l l s  Creek, west of t h e  map a r e a ,  a r e  on  s t r i k e  w i t h  t h e  t h i r d  zone.  

TECTONICS 

A g r e a t  s h e a r  zone,  h e r e  c a l l e d  t h e  S p i r i t  Mountain t h r u s t  zone,  a long  t h e  n o r t h  s i d e  
of t h e  q u a r t z  d i o r i t e  b a t h o l i t h  e x t e n d s  e a s t  and west beyond t h e  map a r e a .  It is  a  
ha l f -mi le  o r  more wide and is marked by a 60' nor th -d ipp ing  f a u l t  bounded by l e n s e s  of 
c o u n t r y  rock  t e n s  t o  hundreds  of f e e t  t h i c k .  These a r e  b r a i d e d  f a u l t s  v i s i b l e  i n  
exposures  on t h e  s t e e p  canyon w a l l s  n o r t h  of t h e  b a t h o l i t h .  The l imy c h e r t  and gray-  
wacke u n i t  and t h e  a m p h i b o l i t e  have been t h r u s t  southward, toward t h e  b a t h o l i t h .  

A s i m i l a r  zone of major t h r u s t i n g  is probab ly  r e s p o n s i b l e  from t h e  l o c a t i o n  of t h e  
g r e a t  zone of s i l l  i n t r u s i o n s  n o r t h  of Summit Lake. However, no f i e l d  e v i d e n c e  was 
found f o r  t h i s .  

METAMORPHISM 

The o l d  S t r e l n a  r o c k s  a r e  of g r e e n s c h i s t  f a c i e s  metamorphism excep t  where t h e y  have 
been hea ted  by i n t r u s i o n  of igneous  r o c k s .  I n  such p l a c e s  t h e  f e l d s p a r  i s  o l i g o c l a s e  
o r  a n d e s i n e ,  r a t h e r  t h a n  a l b i t e ,  and u n r o t a t e d  s i e v e  t e x t u r e d  g a r n e t  is  o f t e n  p r e s e n t .  
These r o c k s  a r e  d e s c r i b e d  i n  t h e  appendix.  

RELATIONS OF LAND FORMS TO GEOLOGY 

The r i d g e s  r u n  west-northwest p a r a l l e l  t o  bedding and i n t r u s i v e  b e l t s .  Many of t h e  
s t r e a m s  r u n  n o r t h - n o r t h e a s t  and a r e  p robab ly  c o n t r o l l e d  by f a u l t i n g .  



GLACIAL FUTURES 

Summit Lake o c c u p i e s  a  f l a t - b o t t o m e d ,  s t e e p - s i d e d ,  s t r u c t u r a l l y  c o n t r o l l e d  g l a c i a l  
t rough  t h a t  e x t e n d s  i n  a n  a lmos t  s t r a i g h t  l i n e  f o r  1 6  m i l e s .  Along i ts  n o r t h  s i d e ,  
c r e e k s  have c u t  gorges  (100-200 f e e t  deep)  i n t o  t h e  v a l l e y  w a l l  and have wel l -developed 
d e l t a s  e x t e n d i n g  down t o  t h e  l a k e .  The d e l t a s  b u l g e  o u t  i n t o  t h e  l a k e .  They were  
o b v i o u s l y  formed a f t e r  v a l l e y  g l a c i a t i o n  scoured  o u t  t h e  Summit Lake v a l l e y .  The l a k e  
i t s e l f  i s  a  r e s u l t  of damming of t h e  main v a l l e y  by a c t i v e  d e l t a  b u i l d i n g  of t h e  sou th -  
f lowing  s t r e a m  w i t h  a  p a r t i c u l a r l y  l a r g e  d r a i n a g e  b a s i n  t h a t  e n t e r s  t h e  v a l l e y  a t  t h e  
e a s t  end of t h e  l a k e .  The d e l t a s  a r e  covered w i t h  b rush  and g r a s s  and some of t h e  
c r e e k s  d i s a p p e a r  b e f o r e  they  r e a c h  t h e  l a k e .  D e l t a  b u i l d i n g  took  p l a c e  d u r i n g  a  p e r i o d  
when e r o s i o n  was more a c t i v e  t h a n  a t  p r e s e n t .  

D e l t a s  a r e  p r e s e n t  o n l y  on t h e  n o r t h  s i d e  of t h e  l a k e .  On t h e  s o u t h  s i d e  t h e r e  a r e  
hanging v a l l e y s  w i t h  c i r q u e s ,  f r e s h  mora ines  i n  t h e  upper  p o r t i o n s ,  a  g l a c i e r ,  and 
s m a l l  gorges  down i n t o  t h e  l a k e .  E r o s i o n  and d e l t a  b u i l d i n g  were a c t i v e  on t h e  warmer 
s o u t h  f a c i n g  s l o p e s ,  whereas i n  t h e  c o l d e r  n o r t h - f a c i n g  v a l l e y s  a  g l a c i a l  regime h a s  
p e r s i s t e d  i n  some v a l l e y s  u n t i l  the p r e s e n t .  

The p r e s e r v a t i o n  of r o c h e s  moutonnees i n  t h e  low a r e a  west  of Summit Lake i s  a n  i n d i -  
c a t i o n  t h a t  g l a c i a t i o n  i n  t h e  main v a l l e y  took  p l a c e  d u r i n g  Wisconsin t ime .  D e l t a  f o r -  
mat ion r e s u l t e d  from a  more r e c e n t  and a  warmer p e r i o d .  

Above many of t h e  s t e e p  g l a c i a l l y  scoured  mountain  s l o p e s  a r e  remnants  of a n  o l d  e r o s i o n  
s u r f a c e  w i t h  a  ma tu re  rounded topography.  F la t - topped  r i d g e s  showing t h i s  s u r f a c e  a r e  
p r e s e n t  e a s t  of t h e  S p i r i t  >founta in  p r o s p e c t  and i n  t h e  n o r t h e a s t  c o r n e r  of t h e  map. 
E v i d e n t l y  s e v e r a l  thousand f e e t  of r a p i d  u p l i f t  immediate ly  preceeded P l e i s t o c e n e  
g l a c i a t i o n .  

S P I R I T  M O U N T A I N  N I C K E L - C O P P E R  P R O S P E C T  

The o n l y  p r o s p e c t  i n  t h e  map a r e a  on which any work h a s  been done i s  t h e  S p i r i t  Moun- 
t a i n  p r o s p e c t  on Canyon Creek (fig 2 ) .  

"Discovery of n i c k e l  was f i r s t  r e p o r t e d  i n  t h e  Canyon Creek a r e a  i n  1907. 
S i x t e e n  c l a i m s  were s t a k e d  and c o n s o l i d a t e d  a s  t h e  S p i r i t  Mountain n i c k e l  
p r o s p e c t ,  under  ownership  of B.  0 .  P e t e r s o n ,  Char ley  Young, and Andrew 
Halvorsen,  and a  "double  ender"  road was c o n s t r u c t e d  a l o n g  Canyon Creek from 
t h e  Copper R ive r  t o  t h e  p r o s p e c t .  S e v e r a l  m i n e r a l i z e d  o u t c r o p s  were exp lo red  
by t e s t - p i t s ,  and two s h o r t  t u n n e l s  were d r i v e n  a t  t h e  b a s e  of t h e  most prom- 
i s i n g  o u t c r o p ,  b u t  no o r e  was sh ipped .  The p r o s p e c t  was abandoned i n  1917." 
(Kingston and M i l l e r ,  1945) 

According t o  J a s p e r  (l960A) 

"The a r e a  was a p p a r e n t l y  n e g l e c t e d  by p r o s p e c t o r s  u n t i l  1954 when 6 m i n e r a l  
c l a i m s  - S p i r i t  Mountain No.s 1 t o  6  - were r e l o c a t e d  by Andrew Halvorsen ,  
N e i l  F i n n i s a n d ,  and A r t  h 'elson. These c l a i m s  a r e  l o c a t e d  on t h e  west s i d e  of 
Canyon Creek, and cover  t h e  a r e a  i n  which t h e  more i n t e r e s t i n g  n icke l -copper  
showings were o r i g i n a l l y  found i n  1907,  and upon which t h e  e a r l y  day work was 
l a r g e l y  con£ ined  . " 



The S p i r i t  Mountain p r o s p e c t  c o n s i s t s  of mass ive  and d i s s e m i n a t e d  n i c k e l  and copper  
s u l f i d e s  i n  s m a l l  b a s i c  and u l t r a b a s i c  i n t r u s i o n s  on Canyon Creek ( f i g s  2 & 3) .  The 
r i c h e s t  p a r t  of t h e  p r o s p e c t  is wes t  of Canyon Creek i n  a  s e r p e n t i n i z e d  p e r i d o t i t e  
body. A  few hundred f e e t  e a s t  of t h i s  body a n  o l d  a d i t  h a s  been d r i v e n  on a na'rrow 
h o r n b l e n d i t e  d i k e  t h a t  a l s o  c a r r i e s  n i c k e l  and copper  s u l f i d e s .  E a s t  of Canyon Creek 
i n t r u s i v e  r o c k  of v a r i a b l e  compos i t ion ,  from m a f i c  q u a r t z  d i o r i t e  t o  h o r n b l e n d i t e ,  h a s  
lower g r a d e  n i c k e l  and copper  s u l f i d e s .  A l l  of t h e s e  i n t r u s i v e s  be long  t o  a  b e l t  of 
s m a l l  b a s i c  and u l t r a b a s i c  i n t r u s i v e s  a l o n g  a  major  n o r t h  d i p p i n g  t h r u s t  zone.  The 
o n l y  known p e r i d o t i t e  i s  t h e  body wes t  of Canyon Creek. 

Country r o c k  n o r t h  of t h e  d e p o s i t  is t h e  l imy  c h e r t  and graywacke u n i t .  I n  t h i s  a r e a  
i t  is a  f ine -g ra ined ,  s l i g h t l y  f o l i a t e d  , semi - sch i s t  ( qua r t z - se r i c i t e - ch lo r i t e )  w i t h  
t h i n  c a r b o n a t e  l a y e r s  i n  some p l a c e s .  South  of t h e  i n t r u s i v e  b e l t  g a r n e t  and horn-  
b lende  a r e  p r e s e n t  h e r e  and t h e r e  i n  t h e  r o c k  and i t  h a s  been mapped as t r ans fo rmed  
l imy c h e r t  and graywacke. The i n t r u s i v e s  have  r u s t y  l o o k i n g  o u t c r o p s ,  l e n t i c u l a r  
s h a p e s ,  and shea red  c o n t a c t s  w i t h  t h e  c o u n t r y  rock .  Unminera l i zed ,  c r o s s c u t t i n g  f e l d -  
spa r -quar tz  v e i n l e t s  a r e  common i n  b o t h  t h e  c o u n t r y  r o c k  and t h e  i n t r u s i v e s .  Large r  
unrninera l ized p e g m a t i t e s  a r e  a l s o  common. 

Most of t h e  i n t r u s i v e  b o d i e s  a r e  f i n e - g r a i n e d ,  h o r n b l e n d e - o l i g o c l a s e  quar t z -c l inopy-  
roxene  r o c k  ( q u a r t z  d i o r i t e  t o  h o r n b l e n d i t e  u n i t ,  a p p e n d i x ) .  The r o c k s  of t h i s  u n i t  
a r e  p l a t y  due  t o  p r e f e r r e d  o r i e n t a t i o n  of hornb lende .  They a r e  v a r i a b l e  i n  composi- 
t i o n ,  and some have w e l l  developed compos i t ion  banding.  They have a  t h i n  r u s t y  c o a t i n g ,  
but  a r e  q u i t e  f r e s h  i n t e r n a l l y .  S e v e r a l  p i t s  and t r e n c h e s  expose  f r e s h  r o c k .  Assays  
16A, 16B, and 16C ( tabZe 2) show up t o  0.18% n i c k e l  and 0.37% copper .  J a s p e r  (1960B) 
r e p o r t e d  a  15-inch zone c o n t a i n i n g  s p h a l e r i t e  and g a l e n a  v e i n l e t s  i n  t h e  v i c i n i t y  of 
sample 16A. No such  v e i n s  were n o t i c e d ,  b u t  t h e y  must n o t  b e  wide sp read  a s  sample  
16A d o e s  n o t  c o n t a i n  g r e a t e r  t h a n  background amounts of l e a d  and z i n c .  J a s p e r  a l s o  
r e p e a t s  t h e  r e p o r t e d  o c c u r r e n c e  of u l l m a n n i t e ,  a  su lphan t imonide  of n i c k e l  i n  t h i s  
a r e a .  The antimony anomal ies  a t  //8, down Canyon Creek, and a t  1/21, may b e  r e l a t e d  t o  
such  m i n e r a l i z a t i o n  of t h e  b a s i c  i n t r u s i v e s ;  There  a r e  no showings a s s o c i a t e d  w i t h  
t h e  d i o r i t e  t o  h o r n b l e n d i t e  i n t r u s i v e s  which o f f e r  much i n d i c a t i o n  of economic m i n e r a l  
d e p o s i t s .  

The o r i g i n a l  d i s c o v e r y  showings l i e  west  of Canyon Creek. These  a r e  m i n e r a l i z e d  pods 
of a l t e r e d  i n t r u s i v e  p e r i d o t  i t e  ( an t igo r i t e - t r emol i t e - t a l c  r o c k ) .  The open c u t  a t  
approx imate ly  3770 f e e t  e l e v a t i o n  e x p l o r e s  t h e  d i s s e m i n a t e d  p y r r h o t i t e - p y r i t e - p e n t -  
landite-chalcopyrite-bravoite-sphalerite d e p o s i t  i n  t h i s  r o c k  (de ta iZ ,  f i g  2 ) .  T h i s  
p e r i d o t i t e  i s  a  d i s t i n c t l y  d i f f e r e n t  r o c k  t h a n  any o t h e r  i n  t h e  map a r e a .  It o r i g i n a l l y  
c o n t a i n e d  much o l i v i n e ,  now a l t e r e d  t o  a n t i g o r i t e .  The o n l y  o t h e r  o l i v i n e - b e a r i n g  r o c k  
s e e n  was t h e  unminera l i zed  a l t e r e d  gabbro ,  j u s t  a  few f e e t  t o  t h e  s o u t h .  These  two 
r o c k s  a r e  p robab ly  r e l a t e d  i n  o r i g i n .  Samples of d i s s e m i n a t e d  o r e  from t h e  open c u t  i n  
t h e  p e r i d o t i t e  (18 D t h r u  H) r u n  a s  h i g h  a s  0 .88% n i c k e l  and 0.89% copper .  Large 
amounts of such rock  would be  o r e ,  bu t  t h e  s m a l l  s i z e  of t h e  exposed body, o r  b o d i e s ,  
and t h e  complex s t r u c t u r a l  s e t t i n g  g i v e  l i t t l e  hope t h a t  a  l a r g e  body of o r e  i s  p r e s e n t  
a t  d e p t h .  

The s h o r t  a d i t  down t h e  mountain  west  of t h e  open c u t  (deta iZ,  f i g  1) was d r i v e n  b e f o r e  
1917. It c o n t a i n s  d i s s e m i n a t e d  s u l f i d e s  s i m i l a r  t o  t h o s e  i n  t h e  open c u t  above,  b u t  
t h e  d i k e  i n  t h e  a d i t  is a hornb lende-a l t e red  f e l d s p a r  r o c k  w i t h  no o l i v i n e  o r  pyroxene.  
It i s  s i m i l a r  t o  t h e  h o r n b l e n d i t e ,  b u t  i t s  p r o x i m i t y  and s i m i l a r  m i n e r a l i z a t i o n  l i n k  i t  
t o  t h e  p e r i d o t i t e .  It may b e  t r a n s i t i o n a l  between t h e  two. Near t h e  p o r t a l  t h e  d i k e  
i s  t h r e e  f e e t  wide and c o n t a i n s  0.18% n i c k e l  and 0.89% copper .  It i s  n o t  of o r e  g r a d e  
o r  s i z e .  



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

Ana lyses  of geochemical  s t r e a m  sed imen t  and s o i l  samples  and c h i p  samples  of goqsans  
and m i n e r a l i z e d  r o c k ,  a r e  shown on t a b l e  2 .  Suggested  t h r e s h o l d s  of anomalous v a l u e s ,  
de te rmined  from t h e  t a b l e  by i n s p e c t i o n ,  a r e  g i v e n  a t  t h e  bot tom of e a c h  column. 

Sampling shows no n i c k e l  o r  copper  a n o m a l i e s  i n  Canyon Creek below t h e  S p i r i t  Mountain 
p r o s p e c t .  Only one m o d e r a t e l y  anomalous chromium sample  from a  s m a l l  s i d e  c r e e k  i s  
p r e s e n t .  The s m a l l  s i z e  of t h e  d e p o s i t ,  i n  r e l a t i o n  t o  t h e  l a r g e  s i z e  of Canyon Creek ,  
and g l a c i a t i o n  a r e  f a c t o r s  i n  t h e  l a c k  of geochemica l  e x p r e s s i o n  of t h i s  d e p o s i t .  

S e v e r a l  c o p p e r ,  n i c k e l ,  z i n c ,  and l e a d  a n o m a l i e s  show up west  of t h e  a r e a  mapped 
g e o l o g i c a l l y .  These a r e  downstream from t h e  westward p r o j e c t i o n  of t h e  b e l t  of m a f i c  
and u l t r a m a f i c  i n t r u s i v e s .  The a r e a  s h o u l d  b e  i n v e s t i g a t e d  w i t h  more d e t a i l e d  sampl ing .  

The low copper-si lver-chromium anomaly a t  sample  s i t e  43 (f ig 3)  marks t h e  c o n t a c t  
zone of t h e  q u a r t z  d i o r i t e  and is of no economic i n t e r e s t .  T h i s  a s s e s s m e n t  is a l s o  
t r u e  of samples  45 and 49 .  

The c o p p e r ,  l e a d ,  z i n c  s o i l  and s t r e a m  sed imen t  a n o m a l i e s  from t h e  r i d g e  n o r t h  of Summit 
Lake a r e  due  t o  s l i g h t l y  m i n e r a l i z e d  c h e r t y  r o c k s  a l o n g  q u a r t z  d i o r i t i c  s i l l s .  Samples 
73,  79,  8 2 ,  and 84 a r e  r e p r e s e n t a t i v e  of t h e  g r a d e  of t h e s e  z o n e s ,  which form b r i g h t  
g o s s a n s  h i g h  on t h e  r i d g e ,  and a r e  r e s t r i c t e d  t o  m i n e r a l i z e d  f  i ne -g ra ined  s e d i m e n t s .  
The d i k e s  themse lves  a r e  n o t  i r o n  s t a i n e d  and a r e  f r e s h  e x c e p t  f o r  s l i g h t  s e r i c i t i z a t i o n  
of f e l d s p a r .  The g o s s a n s  d o  n o t  seem t o  o f f e r  hope of economic d e p o s i t s  i n  t h e  map 
a r e a ,  bu t  t h e y  s h o u l d  be t r a c e d  a l o n g  s t r i k e  beyond t h e  map a r e a .  

S U G G E S T I O N S  T O  P R O S P E C T O R S  

A d i s c o n t i n u o u s  zone of b a s i c  t o  n i cke l -copper -bea r ing  u l t r a b a s i c  i n t r u s i v e  l e n s e s  
e x t e n d s  eas t -wes t  a l o n g  a  major n o r t h  d i p p i n g  t h r u s t  zone.  

A d e p o s i t  s i m i l a r  t o  t h a t  i n  t h e  p e r i d o t i t e  on Canyon Creek would be  o r e ,  i f  i t  were  
l a r g e  enough. 

A geochemical  stream sed imen t  anomaly f o r  c o p p e r ,  n i c k e l ,  l e a d ,  and z i n c  i n d i c a t e s  a  
bedrock  s o u r c e  west  of t h e  map a r e a ,  more o r  l e s s  on s t r i k e  w i t h  t h e  f a v o r a b l e  f a u l t  
zone.  T h i s  zone h a s  a lmos t  s u r e l y  been examined by p r o s p e c t o r s  p r e v i o u s l y ,  b u t  geo- 
chemica l  sampl ing fo l lowed  by a  magne t i c  s u r v e y ,  i f  r e s u l t s  a r e  f a v o r a b l e ,  might  be  
more e f f e c t i v e  t h a n  p a s t  e f f o r t s .  



NICKEL 
Threshold 135 
Crustal Average 75 

ZINC 
Threshold 180 

Threshold 40 Crustal Average 70 
Crustal Average 12 I 

Conrentrot~cn In Ports Per Million 

Figure 4 Frequency-concentration graphs for copper, lead,zinc,and nickel f rom the  Spirit Mountain 

area. Atorn~c absorption analysis 



Table I 

INTERVALS OF ESTIMATION AND DETECTION LIMITS 

Copper  Lead 
P P ~ *  PPm 

20,000 20,000 
10,000 10,000 

5,000 5,000 
2,000 2,000 
1,000 1,000 

500 500 
200 200 
100 100 

5 0 5 0 
2 0 2 0 
10 10 

5 L 
2 
L** 

Z i n c  

P Pm 

10,000 
5,000 
2,000 
1,000 

500 
200 
100 

L 

Boron 
P P"' 

2,000 
1,000 

500 
200 
100 

50 
20 
10 

L 

B e r y l l i u m  T i n  

PPm P Pm 

1,000 1,000 
500 500 
200 200 
100 100 

5 0 5 0 
20 2 0 
10 10 

5 L 
2 
1 
L 

Molybdenum 

P P"' 

2,000 
1,000 

500 
200 
100 

50 
20 
10 
5 
L 

T u n g s t e n  

P Pm 

10,000 
5,000 
2,000 
1,000 

500 
200 
100 

50 
L 

S i l v e r  

PPm 

5,000 
2,000 
1,000 

500 
200 
100 

5 0 
2 0 
10 

5 
2 
1 
L 

Z i r c o n i u m  

PP"' 

1,000 
500 
200 
100 

50 
2 0 

L 

SEMIQUANTITATIVE SPECTROGRAPHIC ANALYSES 

C o b a l t  

PPm 

2,000 
1,000 

500 
200 
100 

5 0 
2 0 
10 

L 

Lanthanum 
PPm 

1,000 
500 
200 
100 

5 0 
2 0 

L 

Chromium 

P Pm 

5,000 
2,000 
1,000 

500 
200 
100 

5 0 
2 0 
1 0  

5 
L 

Niobium 
PP=' 

2,000 
1,000 

500 
200 
100 

50 
20 
1 0  

L 

N i c k e l  
PPm 

5,000 
2,000 
1,000 

5 00 
100 

50 
2 0 
10 

5 
L 

Manganese  

P Pm 

5,006 
2,000 
1,000 

500 
2 00 
100 

5 0 
20 

L 

Scandium Y t t r i u m  

PP"' PP"' 

100 2 00 
5 0 100 
2 0 5 0 
10 20 

5 1 0  
L L 

T i t a n i u m  

PPm 

10,000 
5,000 
2,000 
1,000 

500 
200 
100 

5 0 
L 

Vanadium 

P Pm 

10,000 
5,000 
1,000 

500 
2 00 
100 

5 0 
2 0 
10 

L 

I r o n  
( X I  

2 0 
10 

5 
2 
1 

0.5 
0.2 
0 .1  

L 

Gold  

PPm 

500 
2 00 
100 

50 
2 0 
10 

L 

Magnesium 
( % I  
10 

5 
2 
1 

0.5 
0.2 
0.1 
0.05 

L 

Bismuth  
P Pm 

1,000 
500 
200 
100 

5 0 
20 
10 

5 
L 

C a l c i u m  
( X I  

2 0 
10 

5 
2 
1 

0.5 
0.2 
0 .1  
0.05 

L 

Bar ium 
PPm 

5,000 
2,000 
1,000 

500 
200 
100 

5 0 
20 

L 

S t r o n t i u m  
PPm 

5,000 
2,000 
1,000 

500 
2 00 
100 

5 0 
L 

Cadmium Ant imony 
P Pm P Pm 

500 10,000 
2 00 5,000 
100 2,000 

L 1,000 
500 
2 00 
100 

5 0 
L 

A r s e n i c  

PPm 

10,000 
5,000 
2,000 
1,000 

500 
L 

*ppm i n d i c a t e s  p a r t s  p e r  m i l l i o n  
**L = Lowest  l i m i t  o f  d e t e c t i o n  
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A P P E N D I X  

EXPANDED LEGEND FOR FIGURE 3 

Rock U n i t s  

2 .  Banded s l a t e  and a r g i l l i t e  - Greenish-gray a r g i l l i t e  in te rbedded  w i t h  medium-dark- 
g ray ,  l o c a l l y  r e d ,  s l a t e .  I n  p l a c e s  g reens tone  c l a s t s  and dark-gray s l a t y  l a y e r s  a r e  
p r e s e n t  i n  t h e  a r g i l l i t e .  Gash q u a r t z  v e i n s ,  mos t ly  l e s s  t h a n  f o u r  i n c h e s  t h i c k  and 
l e s s  t h a n  1 0  f e e t  long  a r e  common i n  t h e  s l a t e .  

2. Greenstone - Greenish-gray, f ine -gra ined  t o  a p h a n i t i c ,  massive t o  s l i g h t l y  f o l i a t e d ,  
unbedded rock .  Conta ins  i r r e g u l a r  l a y e r s  and p a t c h e s  of moderate-red h e m a t i t e .  The 
rock has  e p i d o t e  v e i n s ,  a  l i t t l e  d i s semina ted  p y r i t e ,  and o c c a s s i o n a l  g reens tone  c l a s t s  
f l o a t i n g  i n  t h e  a p h a n i t i c  mat r ix .  The rock  is  mainly c h l o r i t e ,  h e m a t i t e ,  and i n  p l a c e s  
has  t i n y  f e l d s p a r  m i c r o l i t e s .  The f i n e - g r a i n  s i z e  f o r  such  a  t h i c k  u n i t  t h a t  i n d i c a t e s  
o r i g i n  a s  b a s i c  l a v a  f lows r a t h e r  t h a n  a n  i n t r u s i v e .  

3 .  Quartz d ior<te  - A medium-gray t o  medium-dark-gray, medium-grained rock .  Forms a  
b a t h o l i t h  i n  t h e  s o u t h e r n  p a r t  of t h e  map a r e a .  It is  s l i g h t l y  t o  s t r o n g l y  banded due 
t o  s e g r e g a t i o n  i n t o  fe ldspar -quar tz  and mafic  l a y e r s  up t o  a  few i n c h e s  wide. T e x t u r e s  
range from n e a r l y  g r a n i t i c  t o  s l i g h t l y  d i r e c t i o n a l  g r a n o b l a s t i c .  Minera l s  a r e  s e r i c i -  
t i z e d  o l i g o c l a s e  t o  a n d e s i n e ,  q u a r t z ,  hornblende,  b i o t i t e ,  and i n  one t h i n  s e c t i o n ,  
g r a p h i t e  and s i e v e - t e x t u r e d  g a r n e t .  Where t h e  f e l d s p a t h i c  l a y e r s  r e a c h  a  width g r e a t e r  
t h a n  about  a  f o o t  they  a r e  cons idered  t o  b e  pegmat i t es  and tend  t o  be boudined o r  
c r o s s c u t t i n g  and i r r e g u l a r  i n  shape. J o i n t i n g  p a r a l l e l  t o  t h e  l a y e r i n g  g i v e s  t h e  
rock  a  shee ted  appearance i n  some p l a c e s .  I n  a n o t h e r  a r e a  t h a t  is  mos t ly  medium- 
gra ined  s l i g h t l y  f o l i a t e d  q u a r t z  d i o r i t e ,  pegmatized thin-bedded metasediments have 
been prese rved .  These have been converted t o  quar tz - fe ldspar -whi te  mica rock  w i t h  a  
s t r u c t u r e  of fo lded  t h i n  beds.  

The q u a r t z  d i o r i t e ,  exposed on a  prominent knob e a s t  of Canyon Creek and 0.2 m i l e s  
s o u t h  of t h e  S p i r i t  Mountain p r o s p e c t ,  is medium-grained, s e r i c i t i z e d  o l i g o c l a s e -  
hornblende-quartz rock.  It h a s  r u d e l y  d i r e c t i o n a l  t e x t u r e ,  s i m i l a r  t o  p a r t l y  t r a n s -  
formed l imy c h e r t  and graywacke u n i t  t o  t h e  n o r t h .  I n  ou tc rop  i t  h a s  t h e  appearance 
of an  igneous rock .  

On d i s t a n t  ou tc rops  t h e  d i o r i t e  can  be d i s t i n g u i s h e d  from greens tone  by i t s  jagged 
po in ted  peaks and s t e e p  rough c l i f f s ,  not  v i s i b l y  l a y e r e d ,  and by w h i t e  pegmat i t e  d i k e s  
up t o  s e v e r a l  f e e t  a c r o s s ,  which b o t h  c r o s s c u t  and p a r a l l e l  f o l i a t i o n .  The s t r o n g  
f o l i a t i o n ,  i n  p l a c e s  w i t h  minor f o l d s  t y p i c a l  of sed iments ,  and t h e  i r r e g u l a r  g r a d a t i o n s  
t o  g reens tone  on t h e  s o u t h  and p a r t l y  t ransformed limy c h e r t  and graywacke r o c k s  on 
t h e  n o r t h  i n d i c a t e  t h a t  t h e  d i o r i t e  is a t  l e a s t  i n  p a r t  a  t ransformed sedimentary rock.  
I ts  r a t h e r  a b r u p t  and sheared  n o r t h  and s o u t h  c o n t a c t s  s u g g e s t  t h a t  it was formed a t  
g r e a t e r  d e p t h  and has  been f a u l t e d  (and i n t r u d e d ? )  i n t o  i t s  p r e s e n t  p o s i t i o n .  

An i d e a  of t h e  d i v e r s i t y  of t h i s  u n i t ,  w i t h  perhaps some admixture  of r o c k s  from t h e  
r a t h e r  s i m i l a r  p a r t l y  t ransformed limy c h e r t  and graywacke u n i t ,  is  shown by a  l i s t  
of t h e  g l a c i a l  f l o a t  a t  geochemical s t a t i o n  43 on t h e  f l o o r  of a  c i r q u e  c u t  i n t o  d i o r i t e :  
holo-mafic r o c k ,  mafic  w i t h  s c a t t e r e d  1-2 mrn f e l d s p a r ,  ho lo- fe ldspar  rock ,  banded f e l d -  
s p a r - r i c h  rock ,  medium-grained d i o r i t e ,  f ine -gra ined  d i o r i t e ,  l e u c o d i o r i t e  w i t h  pegmat i t e  
v e i n s ,  gabbro, f ine -gra ined  mafic  r o c k s  w i t h  ptygmatic  pegmat i t e  v e i n s ,  r u s t y  wea ther ing  
coarse-grained h o r n b l e n d i t e ,  r u s t y  wea ther ing  c h l o r i t i c  f e l s i t e .  



4 .  Part ly  transfomoed l i m y  cher t  and graywacke - Fine- t o  medium-grained, r u d e l y  
f o l i a t e d ;  r a n g e s  from green i sh -g ray ,  q u a r t z - s e r i c i t e ,  s e m i - s c h i s t  t o  g r e e n i s h  b l a c k  
a m p h i b o l i t e .  

West of Canyon Creek t h i s  u n i t  i s  g reen i sh -g ray ,  r u d e l y - f o l i a t e d ,  f i n e - g r a i n e d ,  grano- 
b l a s t i c  t e x t u r e d  s e m i - s c h i s t  made up of q u a r t z  (80%)-sericite-(garnet). The g a r n e t  was 
s e e n  o n l y  i n  t h i n  s e c t i o n .  G r a i n s  a r e  a l o n g  f r a c t u r e s ,  and a r e  s i e v e  t e x t u r e d  and 
u n r o t a t e d .  They formed a f t e r  s h e a r i n g  i n  t h e  r o c k  had ceased  and a r e  p robab ly  of 
c o n t a c t  metamorphic o r i g i n ,  r e l a t e d  t o  i n t r u s i o n  of igneous  r o c k s  e i t h e r  t o  t h e  n o r t h  
o r  t h e  sou th .  The o r i g i n a l  r o c k ,  a n  impure c h e r t ,  h a s  r e c r y s t a l l i z e d  t o  form c o a r s e r -  
g r a i n e d  q u a r t z  and s e r i c i t e ,  and h a s  been p e r v a s i v e l y  s h e a r e d .  

On t h e  e a s t  s i d e  of Canyon Creek t h i s  u n i t  h a s  been t r ans fo rmed  t o  a  weakly f o l i a t e d  
g reen i sh -g ray  r o c k  of d i o r i t i c  a s p e c t .  J u s t  s o u t h  of t h e  S p i r i t  Mountain p r o s p e c t  i t  
i s  f i n e - g r a i n e d  (0 .01 mm) g r a n o b l a s t i c  t e x t u r e d  q u a r t z - a l b i t e - h o r n b l e n d e  rock .  F a r t h e r  
s o u t h ,  nea r  t h e  q u a r t z  d i o r i t e  c o n t a c t ,  t h e  g r a i n  s i z e  is l a r g e r  (0 .05 mm), t h e  f e l d s p a r  
i s  more c a l c i c  ( o l i g o c l a s e )  , and t h e  r o c k  c o n t a i n s  more m a f i c  m a t e r i a l  ( c h l o r i t e ) .  The 
q u a r t z  d i o r i t e  f a r t h e r  s o u t h ,  mentioned under  u n i t  3 is c o a r s e r - g r a i n e d ,  less w e l l  
l a y e r e d ,  and h a s  a  more g r a n i t i c  t e x t u r e .  

Eas t  of t h e  Canyon Creek d r a i n a g e  t h i s  u n i t  i s  main ly  a m p h i b o l i t e .  It is f i n e -  t o  
medium-grained, g reen i sh -b lack ,  w e l l  t o  p o o r l y  banded and f o l i a t e d ,  g r a n o b l a s t i c  
t e x t u r e d  q u a r t z - o l i g o c l a s e  t o  a n d e s i n e  h o r n b l e n d e - b i o t i t e  rock .  I n  many a r e a s  t h e r e  
i s  f e l s i c  and maf ic  banding. C r o s s c u t t i n g  p e g m a t i t e s  a r e  common. 

5. Limestone - Fine-g ra ined ,  l i g h t  g r a y  r o c k ,  modera te ly  f o l i a t e d  and s t r e a k e d  due  t o  
i n t e r n a l  s h e a r i n g .  It c o n t a i n s  boudined q u a r t z  v e i n s  and m a f i c  d i k e s ,  and l a r g e  f a u l t -  
bounded l e n s e s  due t o  nor th -d ipp ing  t h r u s t  f a u l t s .  

6. @ m t z  d i o r i t e  t o  hornbzendite - Fine-  t o  medium-grained, medium-dark-gray t o  
g reen i sh -b lack  r o c k  composed of wide ly  v a r y i n g  p r o p o r t i o n s  of s e r i c i t i z e d  o l i g o c l a s e -  
hornblended-quartz-phlogopite-clinopyroxene w i t h  a c c e s s o r y  sphene and z i r c o n .  The 
r o c k s  of t h i s  u n i t  a r e  p l a t y  due t o  p r e f e r r e d  o r i e n t a t i o n  of hornb lende ,  and some have  
w e l l  developed compos i t ion  banding. They have a t h i n  r u s t y  c o a t i n g ,  bu t  a r e  f r e s h  
i n t e r n a l l y ,  excep t  f o r  s e r i c i t i z a t i o n  of f e l d s p a r .  T h i s  u n i t  forms l e n t i c u l a r  f a u l t -  
bounded i n t r u s i v e  b o d i e s  i n  t h e  S p i r i t  Nountain  t h r u s t  zone.  

Br ie f  d e s c r i p t i o n s  of t h e  v a r i o u s  b o d i e s  i n d i c a t e  t h e i r  d i v e r s i t y :  ( l e t t e r s  shown on 
f i g s  2 & 3 )  

A (9Cl11-P) - Hornb lend i t e ,  medium-grained, o r i e n t e d  c r y s t a l s ,  some e u h e d e r a l ,  
w i t h  minor i n t e r s t i t i a l  a l t e r e d  f e l d s p a r .  A n i c k e l - b e a r i n g  t h r e e - f o o t  d i k e  i n  
t h e  a d i t  west  of Canyon Creek a t  a b o u t  3580 f e e t  e l e v a t i o n .  (Fig 2 and t e x t  
s ec t ion  S p i ~ i t  Mountain Nickel-Copper Prospect)  

B (9C111-L) - Hornb lend i t e ,  medium-grained, f o l i a t e d ,  m a f i c  and f e l s i c  banded 
( h o r n b l e n d e - s e r i c i t i z e d  plagioclase-quartz-(apatite)). 

C  (111-J) - Mafic d i o r i t e ,  f i n e - g r a i n e d ,  w e l l  banded w i t h  i r r e g u l a r  c r o s s c u t t i n g  
pegmat i t e  b o d i e s .  

D (9C81-B) - Conspicuously  banded maf i c  q u a r t z  d i o r i t e .  Maf i c  bands:  horn- 
b l e n d e - s e r i c i t i z e d  o l i g o c l a s e .  I n t e r m e d i a t e  bands: c l i n o p y r o x e n e - s e r i c i t i z e d  
o l igoc lase -hornb lende .  F e l s i c  bands:  s e r i c i t i z e d  ol igoclase-cl inopyroxene.  

E (9C81-W) - H o r n b l e n d i t e ,  r u d e l y  f o l i a t e d ,  f i n e - g r a i n e d :  hornblende-minor 
c l inopyroxene-minor  s e r i c i t  i z e d  f e l d s p a r .  



F (9C96) - Mafic d i o r i t e ,  a  massive rock  of v a r i a b l e  composi t ion and g r a i n  s i z e ,  
r ang ing  from c o a r s e  t o  medium, and roughly  60% t o  95% hornblende w i t h  i n t e r s t i t i a l  
s e r i c i t i z e d  o l i g o c l a s e .  Often c o n t a i n s  enough m a g n e t i t e  t o  d e f l e c t  compas,s; 
a l s o  s p a r c e l y  d i s semina ted  p y r r h o t i t e .  Una l te red  rock  w i t h  border  zones  up t o  
200 f e e t  wide of f i n e r - g r a i n e d ,  l e s s  mafic  " d i o r i t e "  w i t h  p a l e  b l u e  s e r i c i t i z e d ( ? )  
f e l d s p a r .  The border  zones g rade  i n t o  r e c r y s t a l l i z e d  l imy c h e r t  and graywacke. 

G (9C28) - Hornblend i te ,  coarse -gra ined ,  w i t h  1-2% d issemina ted  p y r i t e .  Has 
c h l o r i t i z e d  limy c h e r t  and graywacke u n i t  on s o u t h  s i d e .  

H (9C141) - Hornblend i te ,  medium-grained, w i t h  ph logopi te .  Cut by p r e h n i t e -  
q u a r t z  v e i n s .  

7. P e r i d o t i t e  - Unbanded, medium- t o  coarse -gra ined ,  g r a y i s h  b l a c k  d i k e  r o c k  which 
l o c a l l y  c o n t a i n s  bo th  massive and d i ssemina ted  n icke l -bear ing  s u l f i d e s  ( s e c t  i o n  on 
S p i r i t  Mountain Nickel-Copper P r o s p e c t ) .  I n  t h e  map a r e a  t h e  rock  i s  known on ly  i n  
one complex body a t  about  3770 f e e t  e l e v a t i o n  on t h e  w e s t  s i d e  of Canyon Creek ( f i g  1 ) .  
One sample c o n t a i n s  i r r e g u l a r  b l e b s  of p y r r h o t i t e  and c h a l c o p y r i t e  i n  a  rock  composed 
of a n t i g o r i t e ,  which has  r e p l a c e d  o l i v i n e ,  and p o s s i b l e  minor f o r s t e r i t e ,  t r e m o l i t e ,  
and d i o p s i d e  (X-ray d i f f r a c t i o n  by Nam Ok Cho, DMG Labora tory) .  According t o  Kingston 
and M i l l e r  (1945, p  53) " t h e  o r i g i n a l  o l i v i n e  c r y s t a l s  a r e  r e p r e s e n t e d  by rounded 
masses of a n t i g o r i t e  w i t h  s e r p e n t i n e - c h l o r i t e  v e i n l e t s  and m a g n e t i t e .  The o r i g i n a l  
m a t r i x  of pyroxene is e n t i r e l y  r e p l a c e d  by t r e m o l i t e ,  which i n  t u r n  is p a r t i a l l y  a l t e r e d  
t o  t a l c . "  

The h o r n b l e n d i t e  d i k e  ( u n i t  6-A) i n  t h e  s h o r t  a d i t  nor thwest  of t h e  p e r i d o t i t e  body 
has  been cons idered  by Kingston and M i l l e r  (1945, p  53) t o  have been d e r i v e d  from t h e  
same magma source  a s  t h e  p e r i d o t i t e  because of t h e  s i m i l a r i t y  of t h e  s u l f i d e  m i n e r a l s  
i n  t h e  two bodies .  I f  s o ,  t h e  p e r i d o t i t e  is s i m i l a r i l y  l i n k e d  t o  a l l  of t h e  q u a r t z  
d i o r i t e  t o  h o r n b l e n d i t e  i n t r u s i v e s .  They a r e  bo th  v e r y  b a s i c ,  i n  t h e  same s t r u c t u r e ,  
and have s i m i l a r  s u l f i d e  d e p o s i t s ,  s o  they  a r e  probably c l o s e l y  r e l a t e d  i n  o r i g i n .  

8. Gabbro - Medium-grained, unmineral ized r o c k .  Conta ins  a l t e r e d  o l i v i n e ( ? ) ,  
u r a l i t i z e d  pyroxene, and f r e s h  ( l a t e )  g a r n e t  and magne t i t e .  Occurs j u s t  s o u t h  of t h e  
p e r i d o t i t e  ( f i g  1). 

9.  Quartz-fe ldspar  v e i n l e t s  and pegmat i t e  dikes - Fine- t o  medium-grained, unrniner- 
a l i z e d ,  w i t h  v e i n l e t s  and d i k e s  up t o  s e v e r a l  f e e t  wide, which c u t ,  w i t h  s h a r p  c o n t a c t s ,  
PTLCG, LGC, and a l l  igneous rocks  s o u t h  of Summit Lake. Pegmat i t es  have medium-grained 
o l i g o c l a s e  f e l d s p a r  c u t  by l a t e r  f ine -gra ined  g r a n o b l a s t i c  q u a r t z .  In  p l a c e s  pegmat i t es  
c u t t i n g  LCG and marble  a r e  bounded by mafic  ( c h l o r i t i c ? )  h a l o s  s e v e r a l  f e e t  wide. 
Narrow q u a r t z - f e l d s p a r  v e i n l e t s ,  commonly c u t  t h e  l imy c h e r t  and graywacke u n i t .  These 
a r e  g e n e r a l l y  l e s s  t h a n  one i n c h  wide and s i x  f e e t  long ,  c r o s s c u t t i n g  o r  p a r a l l e l  t o  
bedding, en  echelon,  h o r s e t a i l ,  o r  i n  o t h e r  arrangements .  They make up a s  much a s  
5% of t h e  rock .  

10.  Limy c h e r t  and g r a y ~ a c k e  - Massive t o  t h i n  bedded, a p h a n i t i c ,  g r e e n i s h  g r a y ,  
s l i g h t l y  s e r i c i t i c  and c h l o r i t i c ,  limy t o  non-limy, impure c h e r t  o r  s i l t - s i z e d  gray-  
wacke. Much of t h e  rock  is  no t  c a l c a r e o u s ,  but  t h i n  (1-5 mm) brown wea ther ing  l imy 
l a y e r s  a r e  common. I n  t h e  s o u t h e r n  p a r t  of t h e  u n i t ,  s h e a r i n g  may conver t  i t  t o  a  
semi-sch i s t .  The rock  is  composed of q u a r t z - a l b i t e - c h l o r i t e - b i o t i t e - c a r b o n a t e  and 
s e r i c i t e .  I n  some a r e a s  i t  is a  g r e e n i s h  and l i g h t  brown banded a l b i t e - b i o t i t e  rock.  
Near i n t r u s i v e  rocks  d i o p s i d e  and e p i d o t e  may be p r e s e n t .  Glassy q u a r t z  eyes  mega- 
s c o p i c a l l y  v i s i b l e  h e r e  and t h e r e  a r e  r e c r y s t a l l i z e d  c h e r t .  Sparce ly  d i s semina ted  
p y r i t e  i s  l o c a l l y  p r e s e n t .  The rock  weathers  l i g h t  t o  medium g r a y ,  and can  be d i s -  
t i n g u i s h e d  by c o l o r  on d i s t a n t  ou tc rops  from t h e  more brownish g ray  wea ther ing  green-  
s t o n e .  



I n  a  few p l a c e s  flamboyant f o l d i n g  of i n t e r b e d d e d  l i m e s t o n e  and c h e r t  i n d i c a t e  p l a s t i c  
de fo rmat ion  s h o r t l y  a f t e r  t h e  r o c k s  were d e p o s i t e d .  These f o l d s  i n d i c a t e  t h a t  t h e  
s i l i c a  c o n t e n t  is o r i g i n a l  and n o t  due  t o  s i l i c i f i c a t i o n  of a  p r e - e x i s t i n g  l i m e s t o n e .  

Near t h e  s o u t h e a s t  p a r t  of t h e  mapped a r e a  a b l a c k  s l a t e  bed a b o u t  600 f e e t  t h i c k  i s  
p r e s e n t .  It i s  o v e r l a i n  by abou t  100 f e e t  of d o l o m i t e .  Black s l a t e  is a l s o  p r e s e n t  i n  
t h e  extreme s o u t h e a s t  c o r n e r  of t h e  mapped a r e a ,  b u t  t h e  o u t c r o p  was n o t  v i s i t e d .  

The l imy c h e r t  and graywacke u n i t  g r a d e s  i n t o  t h e  o v e r l y i n g  sed imenta ry  g r e e n s t o n e  
th rough  a  d i s t a n c e  of rough ly  1 5  t o  50 f e e t .  F o l i a t i o n  i n  t h e  g r e e n s t o n e  and s m a l l  
q u a r t z  v e i n s  i n  t h e  LCG i n d i c a t e  t h a t  some s h e a r i n g  h a s  t a k e n  p l a c e  a l o n g  what a p p e a r s  
t o  b e  a  sed imenta ry  c o n t a c t .  

2 2 .  Volcan ic  p a y w a c k e  ( g r e e n s t o n e )  - A n o n - f o l i a t e d ,  g reen i sh -g ray  r o c k  w i t h  rough ly  
20  p e r c e n t  dusky-red o x i d i z e d  p a t c h e s  and l a y e r s  and numerous e p i d o t e  v e i n l e t s ;  ma in ly  
q u a r t z - a l b i t e - c h l o r i t e  rock.  It h a s  no c l e a r  c u t  bedding b u t  i n  p l a c e s  s o u t h  of Summit 
Lake t h e  r o c k  h a s  t h r e e  t o  f o u r  f o o t  b e d s ( ? )  bounded by i r r e g u l a r  s u r f a c e s .  Rounded 
g r e e n s t o n e  "mudballs" up t o  t h r e e  f e e t  a c r o s s  were s e e n  a t  two l o c a l i t i e s .  These have 
s l i c k e n s i d e d  s u r f a c e s  and a r e  a p h a n i t i c  g r e e n i s h  g r a y  i n  a  s i m i l a r ,  b u t  d a r k e r ,  m a t r i x .  
North of t h e  l a k e  c h e r t y  c l a s t s  a r e  common and t h e  r o c k  is c u t  by i r r e g u l a r ,  r ep lacement  
q u a r t z - c a l c i t e  v e i n s .  The c h e r t  c l a s t s  a r e  p a r t l y  r e s o r b e d  and c o n v e r t e d  i n t o  banded 
v e i n  q u a r t z .  I n  p l a c e s  t h e  g r e e n s t o n e  i s  a  sand-s ized v o l c a n i c  sed iment .  North  of 
t h e  l a k e  t h i s  u n i t  i s  more s h e a r e d  and h a s  a  c racked  appearance  i n  weathered o u t c r o p s .  
It is  i n  i r r e g u l a r  sed imenta ry  c o n t a c t  w i t h  t h e  o v e r l y i n g  c h l o r i t i c  c h e r t .  

1 2 .  Greens tone-cher t  - T h i s  u n i t  c o n t a i n s  c y c l e s  of l e n t i c u l a r  g r e e n s t o n e  and c h e r t  
l a y e r s  from 50 t o  s e v e r a l  hundred f e e t  t h i c k  ( f i g s  5 & 6) .  

C h e r t  - T r a n s l u c e n t  l i g h t  g r a y ,  a p h a n i t i c ,  mass ive  t o  l o c a l l y  s c h i s t o s e  w i t h  
s p a r s e  d i s s e m i n a t e d  p y r i t e .  Undu la t ing  bedding p l a n e s ,  beds  t h i n  t o  two f e e t .  
Weathers p i n k i s h  g r a y ,  y e l l o w i s h  g r a y , . l i g h t  g r e e n i s h  g r a y ,  and l i g h t  brown. 
The more p y r i t i c  a r e a s  wea the r  t o  a  modera te  brown gossan .  Much of t h e  c h e r t  
c o n t a i n s  c h l o r i t e  and s e r i c i t e  and is  somewhat f o l i a t e d  o r  p l a t y .  

Greens tone  - A p h a n i t i c  t o  f i n e - g r a i n e d ,  mass ive  t o  s l i g h t l y  f o l i a t e d  due  t o  
c r u d e  o r i e n t a t i o n  of c h l o r i t e .  It is  composed of a l b i t e  o r  o l i g o c l a s e ,  horn-  
b lende ,  c h l o r i t e ,  q u a r t z ,  and minor g a r n e t ,  m a g n e t i t e ,  and p y r i t e .  O r i g i n a l l y  
i t  was silt t o  sand s i z e d  v o l c a n i c  sed iment ,  submarine  p i l l o w  l a v a  f l o w s ,  and 
f  ine -g ra ined  d i a b a s e  d i k e s .  

P o s t  r e g i o n a l  metamorphic r e h e a t i n g  i n  t h e  g r e e n s t o n e  i s  i n d i c a t e d  by t h e  v a r i a b l e  
compos i t ion  of p l a g i o c l a s e  ( a l b i t e  t o  o l i g o c l a s e )  and t h e  p r e s e n c e ,  i n  a  few p l a c e s  
of u n r o t a t e d  s i e v e - t e x t u r e d  g a r n e t .  These  m i n e r a l s  i n d i c a t e  t h e  r o c k s  were l o c a l l y  
r a i s e d  t o  a  h i g h e r  metamorphic g r a d e  t h a n  t h e  a l b i t e - b e a r i n g  v o l c a n i c  graywacke 
( g r e e n s t o n e )  s o u t h  of Summit Lake. The s o u r c e  of h e a t  is t h e  many q u a r t z  d i o r i t e  
s i l ls  and d i k e s  exposed on t h e  r i d g e  n o r t h  of Summit Lake. 

In te rbedded  v o l c a n i c  graywacke, b a s i c  l a v a  f l o w s  and impure c h e r t  form a t y p i c a l  
e u g e o s y n c l i n a l  assembledge. There  i s  no l i m e s t o n e  o r  banded s i l t s t o n e  i n  t h i s  u n i t .  

23. S i l t s t o n e - l i m e s t o n e - i m p u r e  c h e r t  - C l a s t i c  bedded sed imenta ry  r o c k s  p redomina te :  
s i l t s t o n e ,  l i m e s t o n e ,  a r g i l l i t e ,  v o l c a n i c  graywacke ( g r e e n s t o n e ) ,  graywacke, impure 
c h e r t ,  and l a v a  f l o w s  ( g r e e n s t o n e ) .  (figs 5 ,  6, & 7 )  

S i l t s t o n e  - g r e e n i s h  g r a y ,  banded, composed of q u a r t z ,  ho rnb lende ,  b i o t i t e ,  
and c a r b o n a t e .  

Black a r g i l l i t e  - may b e  i n t e r b a n d e d  w i t h  s i l t s t o n e ,  a l s o  a s  l a r g e  u n i t s  
which g r a d e  i n t o  s i l t s t o n e .  
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Figure 7 CROSS SECTION SKETCH OF A GOSSAN ZONE ASSOCIATED WITH QUARTZ 
DIQRITE DIKES NORTH OF SUMMIT LAKE, ELEVATION ABOUT 5550 FEET 
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Mineralized zone i s  280 f e e t  o f  moderately l irnonitized ch lor i te -quar tz  
s i l t s t o n e  w i t h  i a o  layer s  o f  a c t i n o l i t e  rock (amphibol i t i zed  s i l t s t o n e ) .  
No copper s t a i n .  P y r i t i z a t i o n  i s  probably r e l a t e d  t o  t h e  quartz  d i o r i t e  
d i k e .  A grab sample o f  sur face  goasan mater ia l  contained 35 ppm copper, 

1 7 0  ppm lead,  115 ppm z i n c ,  1.4 ppm s i l v e r ,  and l e s s  than  0 . 0 2  ppm gold. 



Limestone - c h l o r i t i c ,  f i n e - g r a i n e d ,  medium l i g h t  g r a y ,  s l i g h t l y  f o l i a t e d ;  
w e a t h e r s  g r e e n i s h  g r a y  w i t h  rough s u r f a c e .  

VoZcanic grayuacke (greenstone) - s i l t  s i z e d ,  light-medium-gray r o c k  
c o n t a i n i n g  " f l o a t i n g "  rounded a p h a n i t i c  g r e e n s t o n e  c l a s t s  t h a t  do  n o t  t o u c h  
one a n o t h e r .  A v o l c a n i c  mudflow d e p o s i t .  

Impure chert  - l i g h t  medium g r a y ,  beds up t o  a  f o o t  o r  more t h i c k  w i t h  
u n d u l a t i n g  c o n t a c t s .  

VoZcanic f Zows (greenstone) - medium-grained, non-f o l i a t e d ,  c h l o r i t i c  , 
unbedded . 

D i o r i t i c  i n t r u s i v e s  a f f e c t  t h e  d i f f e r e n t  r o c k  t y p e s  i n  v a r i o u s  ways. S i l t s t o n e  n e a r  
many d i k e s  i s  b r e c c i a t e d  and somewhat shea red  (B on fig 3 ) .  The r e s u l t a n t  r o c k  h a s  
s i l t s t o n e  c l a s t s  i n  a  s i l i c i f i e d  m a t r i x  and wea the r s  l i g h t  brown. Near some i n t r u -  
s i v e s  graywacke is c r a c k e d ,  s i l i c i f i e d ,  and s h o t  th rough  w i t h  q u a r t z  v e i n l e t s .  T h i s  
rock  forms prominent b locky  c l i f f s  n o r t h  of t h e  west  end of Summit Lake. Near s i l ls  
c h e r t  c a r r i e s  d i s s e m i n a t e d  p y r i t e  which forms b r i g h t  gossan  zones  h i g h  on t h e  r i d g e  
n o r t h  of Summit Lake. 

14. Quartz d i o r i t e  - Medium-grained d i k e s  and s i l l s  w i t h  compos i t ions  r a n g i n g  from 
n e a r l y  p u r e  f e l d s p a r  t o  n e a r l y  p u r e  hornb lende  form a  swarm of i n t r u s i v e s  on t h e  r i d g e  
n o r t h  of Summit Lake. These a r e  m o s t l y  q u a r t z  d i o r i t e  t o  g r a n o d i o r i t e .  The m a f i c  
m i n e r a l  i s  m o s t l y  hornb lende ,  b u t  b i o t i t e  i s  p r e s e n t  i n  some b o d i e s .  Modera te ly  c o l o r e d  
gossan  zones  ( d e s c r i b e d  under #13) i n  t h e  a d j a c e n t  s e d i m e n t s  i n d i c a t e  a minor b u t  
widespread a d d i t i o n  of p y r i t e  t o  t h e  w a l l  r o c k s .  

1 5 .  Quartz monzonite - L i g h t  g r a y ,  medium-grained, w e l l  j o i n t e d  r o c k  made up of q u a r t z ,  
p a r t l y  s e r i c i t i z e d  o l i g o c l a s e  f e l d s p a r ,  m i c r o c l i n e  p e r t h i t e ,  and a b o u t  f i v e  p e r c e n t  
p a r t l y  c h l o r i t i z e d  b i o t i t e .  An i n t r u s i v e  igneous  rock .  

16.  Greenstone - Fine-grained,  g reen i sh -g ray ,  amygda lo ida l  g r e e n s t o n e  w i t h o u t  banding.  
C o n t a i n s  s h r e d s  of p a r t l y  c h l o r i t i z e d  hornb lende  i n  a  m a t r i x  of s a u s u r i t i z e d  a l b i t e ,  
e p i d o t e ,  and s p h e r e .  P robab ly  o r i g i n a l l y  a n d e s i t i c  f l o w  r o c k s .  

1 7 .  Limestone - Medium g r a y ,  l i g h t  o l i v e  g r a y  wea the r ing ,  t h i n  bedded, s l i g h t l y  
f o l i a t e d ,  c r i n o i d a l  l i m e s t o n e .  F o s s i l s  a r e  a b u n d a n t l y  v i s i b l e  on weathered s u r f a c e s .  
Concerning t h i s  bed, M o f f i t  (1914, p 20 )  s t a t e s :  

" F o s s i l s  were  c o l l e c t e d  from a  h i g h l y  s i l i c e o u s  thin-bedded l i m e s t o n e  
exposed on t h e  r i d g e  between D i v i d e  and F a l l s  c r e e k s .  They a p p e a r  o n l y  on 
t h e  weathered s u r f a c e  of t h e  l i m e s t o n e  and were o b t a i n e d  w i t h  c o n s i d e r a b l e  
d i f f i c u l t y .  G.  H. G i r t y ,  who examined t h e  two l o t s  b o t h  c o l l e c t e d  a t  t h e  
same l o c a l i t y ,  makes t h e  f o l l o w i n g  r e p o r t  on them: 

These c o l l e c t i o n s  c o n t a i n  t h e  f o l l o w i n g :  

11 AC 40. C r i n o i d  s t ems  v e r y  abundant  and some of them v e r y  l a r g e ;  
o t h e r  specimens p o s s i b l y  i n o r g a n i c  b u t  hav ing  a  shape  
s u g g e s t i n g  t h e  genus  Produc tus .  

11 AM 43. C r i n o i d  s tems v e r y  abundan t ;  Z a p h r e n t i s ?  s p .  The 
Zaphren to id  c o r a l  a p p e a r s  t o  b e  a  P a l e o z o i c  t y p e ;  and 
from t h e  abundance and s i z e  of t h e  c r i n o i d  s t ems  and 
t h e  wide d i s t r i b u t i o n  of C a r b o n i f e r o u s  r o c k s  i n  
Alaska  i t  seems p r o b a b l e  t h a t  t h e  h o r i z o n  i s  Carboni- 
f  ~ ~ c i u a .  l1 



18.  SiZiceous s l a t e  - Thin bedded b l a c k  s l a t e ,  banded g r e e n  and b l a c k  s l a t e ,  c h l o r i t i c  
a r g i l l i t e ,  a p h a n i t i c  meta -andes i t e (? )  sills o r  t u f f ,  l a y e r s  (10-20 f e e t  t h i c k  l i g h t  
g r a y ,  unbanded) , m e t a - d i o r i t e  s i l ls  (100 f e e t  t h i c k ,  sheared ,  c h l o r i t i z e d )  . These 
r o c k s  g i v e  a  brownish small-blocky t a l u s ,  which even a t  a  d i s t a n c e  is d i s t i n c t & e  from 
t h e  g r e e n i s h  t a l u s  of t h e  g reens tone .  A l a r g e  a r e a  n o r t h  and w e s t  of t h e  map a r e a  i s  
u n d e r l a i n  by s i m i l a r  ( ? )  sediments  w i t h  d a r k  brownish g ray ,  yellow- and reddish-ochre  
t a l u s .  
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Errata 

Page 12. The f i r s t  sentence i n  t he  second paragraph of Section 6 ehauld 
read -- Brief descriptions of t he  various bodiee indicates  t h e i r  d ivers i ty:  
(letters A thru E shown on f i g  2,  F thru G shown on fig 3). 

Page 13, sect ion 8. The last parenthesis i n  t h i s  paragraph should read - 
f i g  3 instead of f i g  1. 

Page 13, sec t ion  9. I n  the  f i r s t  sentence PTLCG r e f e r s  t o  rock un i t  4 
(par t ly  transformed limy cher t  and graywacke) and LGC r e f e r s  to rock un i t  
10 (limy cher t  and graywacke). 

Figure 2. On the  d e t a i l  of t he  a d i t  a t  about 3580 f e e t  elevation, the 
dike i n  t he  a d i t  is shown a s  pe r ido t i t e  (uni t  7). It is hornblendite 
(unit 6) and is described under 6A on page 12. Let te rs  B thru E on t h i s  
f igure  give locations of rock descr ipt ions  given on page 12 and 13 of 
text .  

Table 2. Sample 18D contains 6.2% nickel  and 3.4% copper. 
Sample 18E contains 2.5% nickel and 1.6% copper. 


