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A b s t r a c t  

Porphyry  t y p e  s u l f i d e  systems on t h e  c e n t r a l  A laska  Pen insu la  occupy 
a t r a n s i t i o n  zone between t h e  A l e u t i a n  i s l a n d  magmatic a rc  and t h e  c o n t i -  
n e n t a l  magmati c  a r c  o f  sou the rn  A1 aska. M ine ra l  i z a t i o n  occu rs  associ  a ted 
w i t h  e a r l y  and l a t e  T e r t i a r y  magmatic c e n t e r s  empl aced th rough  a  t h i c k  
s e c t i o n  o f  Mesozoic c o n t i n e n t a l  marg in  c l  a s t i c  sed imentary  r o c k s .  The 
systems a r e  of t h e  molybdenum-rich as opposed t o  g o l d - r i c h  t y p e  and have 
dnomalous tungsten,  b ismuth,  and t i n ,  a t t r i b u t e s  o f  c o n t i n e n t a l - m a r g i n  
depos i t s ,  y e t  g r a v i t y  d a t a  suggest  t h a t  a t  l e a s t  p a r t  o f  t h e  s tudy  area i s  
under1 a i n  by ocean ic  o r  t r a n s i t i o n a l  c r u s t .  

Potassium-argon age d e t e r m i n a t i o n s  i n d i c a t e  a  v a r i a b l e  t i m e  span o f  
up t o  2 m i l l i o n  yea rs  between emplacement and m i n e r a l i z a t i o n  i n  a  s u l f i d e  
system w i t h  m i n e r a l i z a t i o n  u s u a l l y  f o l l o w e d  by pos tm ine ra l  i n t r u s i v e  events.  
F i n a l l y ,  m i n e r a l i z a t i o n  i n  t h e  s t u d y  area occu r red  a t  many t i m e s  d u r i n g  
t h e  t i m e  span o f  igneous a c t i v i t y  and shou ld  be an expected s tage i n  t h e  
h i s t o r y  o f  a subduct ion  r e l a t e d  magmatic c e n t e r .  

I n t r o d u c t i o n  

T h i s  r e p o r t  desc r ibes  t h e  environment and t i m i n g  o f  po rphy ry - t ype  
m i n e r a l i z a t i o n  i n  t h e  v o l c a n i c  a r c  o f  t h e  A laska  Pen insu la .  The d a t a  

resen ted  were c o l l e c t e d  as p a r t  o f  t h e  Geo log ica l  Su rvey ' s  A ldska M ine ra l  
gesource Assessment Program (AMRAP) which i n c l u d e s  g e o l o g i c  mapping, geo- 
chemical  sampling, and magnet ic  and g r a v i t y  s t u d i e s  i n  t h e  Ch ign ik  and 
Sutwi k I s 1  and quadrangles.  A complex h i s t o r y  o f  igneous a c t i v i t y  f rom 
e a r l y  T e r t i a r y  t o  Qua te rna ry  t i m e  i n  a  d i s t i n c t i v e  t e c t o n i c  s e t t i n g  r e s u l t -  
ed i n  t h e  fo rma t ion  o f  po rphy ry  d e p o s i t s  w i t h  p e r i p h e r a l l y  r e l a t e d  m e t a l l i c  
m i n e r a l  occur rences and a c h a r a c t e r i s t i c  geochemical exp ress ion .  

The term s u l f i d e  system has been adopted f r o m  F i e l d s  (1977) and i s  
used t o  d e s c r i b e  combinat ions  o f  igneous and hydro thermal  e f f e c t s  t h a t  
r e s u l t  i n  c l u s t e r s  o f  geochemical anomalies. These e f f e c t s  i n c l u d e  hydro-  
thermal  a1 t e r a t i o n ;  c o n c e n t r a t i o n  o f  copper and molybdenum i n  v e i n  and 
d i  s s m i  na ted  forms; and c o n c e n t r a t i o n  of lead, z inc ,  a rsen ic ,  and p r e c i o u s  
me ta l s  i n  d i spe rsed  v e i n l e t s .  Each system desc r ibed  does n o t  show a l l  of 
t h e  above e f f e c t s ,  b u t  a l l  share a  common f e a t u r e ,  t h e  i n t r o d u c t i o n  o f  
s u l f u r  and d e p o s i t i o n  o f  p y r i t e  i n  l a r g e  volumes o f  r o c k .  Weather ing and 
o x i d a t i o n  of t h i s  p y r i t e  produces c o l o r  anomalies t h a t  a re  d common f e a t u r e  
o f  s u l f i d e  systems i n  t h e  A1 aska Pen insu l  a. 

A b r i e f  i n v e s t i g a t i o n  by Armstrong and o t h e r s  (1976) o f  t h e  Dry  Creek 
(Bee Creek i n  t h i s  r e p o r t )  and Pyramid p rospec ts  on t h e  A laska  Pen insu la  
and a  d e s c r i p t i o n  o f  t h e  Pyramid p rospec t  by H o l l i s t e r  (1978) are t h e  
p r e v i o u s l y  pub1 i s h e d  s t u d i e s  of po rphy ry - t ype  m i n e r a l  i z a t i o n  i n  t h e  A1 asks 
Pen insu la .  Bear Creek M in ing  Co., on c o n t r a c t  w i t h  t h e  B r i s t o l  Bay N a t i v e  
Corp., examined a  number of p rospec ts  i n  t h e  Ch ign ik  area. T h e i r  work 
i n c l u d e d  e x t e n s i v e  geochemical sampl i ng, g e o l o g i c  mapping, and c o r e  d r i  11 i n g  
a t  t h e  Bee Creek p rospec t .  T h e i r  r e p o r t s  t o  t h e  B r i s t o l  Bay N a t i v e  Corp. 
(Robinson, 1975; F i e l d s ,  1977) served as a d a t a  base f o r  some o f  t h e  age 



s t u d i e s  r e p o r t e d  here.  The g e o l o g i c  framework f o r  t h e  A laska  Pen insu la  on 
which t h i s  r e p o r t  i s  based i s  f rom reconna issance mapping by  Burk (1965) 
and Detterman and o t h e r s  (1981) .  Work b y  Si lberman and o t h e r s  (1977),  
Morton and o t h e r s  (1977), Ash ley  and S i lberman (1976),  and Whalen and 
McDougall (1980) has shown t h e  p o t e n t i a l  v a l u e  o f  d a t i n g  hydro thermal  
m i n e r a l s  t o  d e f i n e  t h e  t i m i n g  o f  hydro thermal  events,  and M. L. Si lberman 
has g i v e n  many h e l p f u l  suggest ions  t o  a i d  i n  t h i s  study.  

Reg iona l  Environment o f  Porphyry  M ine ra l  i z a t i o n  

T e c t o n i c a l l y ,  t h e  A laska  Pen insu la  forms a t r a n s i t i o n  zone between 
t h e  A l e u t i a n  I s l a n d  magmdtic a r c  and t h e  c o n t i n e n t a l  magmatic a rc  o f  southern  
Alaska.  Vo lcdn ic  r o c k s  o f  g e n e r d l l y  a n d e s i t i c  compos i t ion ,  b u t  rdnge f rom 
l e u c o - b a s a l t  t o  d a c i t e  ( t h e s e  and subsequent v o l c a n i c  p e t r o l o g i c  names 
f o l  low S t recke isen  (1979) ) and a r e  o f  Permi an (? ) ,  T e r t i a r y  and Q u a t e r n a r y  
age. J u r a s s i c  t o  Q u a t e r n d r y  i n t r u s i v e  r o c k s  a r e  a l s o  known. The Ch ign ik  
and Sutwik I s l a n d  area s t r a d d l e s  t h e  c e n t r d l  A laska Pen insu la  i n  an e a s t -  
west d i r e c t i o n  ( f i g .  1). The A l a s k a - A l e u t i a n  Range b a t h o l i t h  (Reed and 
Lanphere, 1969, 1973) forms t h e  g e o l o g i c  backbone of t h e  p e n i n s u l a  n o r t h  
of 57 degrees and i n c l u d e s  p l u t o n i c  r o c k s  o f  J u r a s s i c ,  L a t e  Cretaceous t o  
e a r l y  T e r t i a r y ,  and m i d d l e  T e r t i a r y  age. The remainder o f  t h e  pen insu la ,  
i n c l u d i n g  t h e  Ch ign ik  reg ion ,  i s  composed o f  c l a s t i c  sed imentary  r o c k s  of 
Pa leozo ic ,  Mesozoic, and Miocene age; and Pdleocene t o  P l i o c e n e  v o l c a n i -  
c l  a s t i c  sed imentary  r o c k s  (Burk,  1965; Detterman and o the rs ,  1981; W i  1  son, 
1980).  Coal d e p o s i t s  i n te rbedded  w i t h  sha l l ow  mar ine  sed imentary  r o c k s  a r e  
common i n  s t r a t a  r a n g i n g  i n  age f rom L a t e  Cretaceous t o  Miocene. The 
sed imentary  r o c k  s e c t i o n  aggregates 12 km i n  t h i c k n e s s  and c o n t a i n s  uncon- 
f o r m i  t i e s  r e p r e s e n t i n g  major  h i  a tuses d u r i n g  Cretaceous ( H a u t e r i  v i  an t o  
Santon i  an), Paleocene and Miocene t ime .  S t r u c t u r a l  compl i c a t i o n s  i n c l u d e  
g e n t l e  f o l d i n g ,  major  t h r u s t  and r e v e r s e  f a u l t i n g ,  and l e s s  i m p o r t a n t  
normdl f a u l t i n g  . 

The s t r a t i g r a p h i c  s e c t i o n  suggests t h a t  Mesozoic d e p o s i t i o n  occu r red  
on a r a p i d l y  s u b s i d i n g  c o n t i n e n t a l  s h e l f  and c o a s t a l  p l a i n  and magmatic 
a rc .  Manc in i  dnd o t h e r s  (1978) i n t e r p r e t e d  c o n t r a s t i n g  f a c i e s  i n  sedimen- 
t a r y  r o c k s  o f  L a t e  Cretaceous age as ev idence o f  d e p o s i t i o n  i n  an a r c -  
t r e n c h  gap environment;  however, l i t t l e  d e f i n i t i v e  ev idence e x i s t s  f o r  a  
L a t e  Cretaceous magmatic a rc  i n  t h e  Ch ign ik  r e g i o n .  The c e n t r a l  A laska 
P e n ~ n s u l a  was t h e  s i t e  o f  r n c r e d s i n g  a n d e s i t i c  volcanism, beg inn ing  i n  t h e  
Paleogene and r e a c h i n g  a c l i m a x  i n  t h e  d e p o s i t i o n  o f  t h e  Meshik Format ion,  
d t h i c k  p i l e  o f  l a v a  and t u f f  of Eocene, Ol igocene,  and e a r l y  Miocene dge. 
An aeromagnetic i n t e r p r e t a t i o n  by Case and o t h e r s  (1981) suggested t h a t  
t h i s  vo lcan ism occu r red  a t  w e l l  d e f i n e d  cen te rs .  Volcanism was r e i n i t i a t e d  
i n  1 a t e  Miocene t i m e  and c o n t i n u e s  t o  t h e  p resen t .  These episodes of mag- 
mat t  sm r e s u l t e d  I n  t h e  development of t h e  po rphy ry - t ype  s u l f i d e  systems 
desc r ibed  i n  t h i s  paper.  

S u l f i d e  Systems and Porphyry  Depos i t s  
of t h e  A l e u t i a n  Vo lcan ic  Arc 

S u l f i d e  systems compr i s ing  hydro thermal  a l t e r a t i o n  and s u l f i d e  m i n e r -  
a l i z a t i o n  a r e  i r r e g u l a r i l y  d i s t r i b u t e d  f rom t h e  Lake C l a r k  quadrangle,  i n  
t h e  n o r t h e r n  A laska Pen insu la ,  (Eak ins  and o thers ,  1978) t o  t h e  Komandorskey 
I s l a n d s  (V lasov,  1964) i n  t h e  f d r  western  A l e u t i a n  A rch ipe ldgo .  H o l l i s t e r  
(1978) l i s t e d  16 areas of i n t e n s e  a l t e r d t i o n  between Umnak I s l d n d  and t h e  
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F i g u r e  1. Map showing locdtion o f  major sulfide systems on 
the cen t r a l  A1 aska  Peni nsu l  a. 



Chign i  k ared; d e s c r i p t i o n s  o f  m i n e r a l i z a t i o n  on t h e  c e n t r a l  A1 dska Peni n- 
s u l  a i n c l u d e  Armstrong and o t h e r s  (1976), MacKevett (1977), Wi lson (1980), 
and Cox and o t h e r s  (1981).  O f  t h e  known areas o f  a l t e r a t i o n  and m i n e r d l -  
i z a t i o n ,  o n l y  t h e  Pyramid d e p o s i t  has been es t ima ted  t o  have s u f f i c i e n t  
tonnage and meta l  c o n c e n t r a t i o n s  t o  be o f  economic i n t e r e s t  ( V .  F.  H o l l i s t e r ,  
o r  a1 commun., 1980). 

I n  genera l ,  copper m i n e r a l i z a t i o n  i s  found i n  c o n t a c t  zones i n  sand- 
s tone  su r round ing  hypabyssal p o r p h y r i t i c  d a c i t i c  r o c k s  on t h e  c e n t r a l  
Alaska Peninsu la .  The Bee Creek Prospect  i s  t h e  b e s t  known example o f  
t h i s  type.  However, molybdenum and subord ina te  copper m i n e r a l  i z a t i  on i s  
represented i n  t o n a l i t e  and g r a n o d i o r i t e  a t  Warner Bay by f i n e - g r a i n e d  
c o a t i n g s  on t h i n ,  p a r t l y  open f r a c t u r e s .  

Geochemical C h a r a c t e r i z a t i o n  

The o n l y  d a t a  a v a i l a b l e  on t h e  geochemistry o f  po rphy ry  copper m ine r -  
a l i z a t i o n  i n  t h e  Ch ign ik  area i s  f rom analyses o f  d r i l l  c o r e  f rom t h e  Bee 
Creek d e p o s i t  generous ly  p rov ided  by Bear Creek M i n i n g  Company. These 
data,  p l o t t e d  i n  f i g u r e  2 accord ing  t h e  conven t ion  in t roduced  by  K e s l e r  
(1973), show t h a t  Bee Creek i s  a  copper-molybdenum system as c o n t r a s t e d  
w i t h  copper-gold systems common t o  a rc  environments o f  t h e  southwest P a c i f i c  
and Greater A n t i  1 l es .  

Stredm sediment sample d a t a  ( D e t r a  and o the rs ,  1978) has a l s o  been 
u s e f u l  i n  c h a r a c t e r i z i n g  t h e  geochemis t ry  o f  t h e  s u l f i d e  systems. Cox and 
o t h e r s  (1981), showed t h a t  d ra indge  bas ins  c o n t a i n i n g  anomalous con- 
c e n t r a t i o n s  o f  me ta ls  occur  i n  c l u s t e r s  15 t o  20 km i n  maximum dimension 
on t h e  bas15 o f  analyses of t h e  nonmagnetic heavy-mineral  f r a c t i o n  of 
st ream sediments. The Bee Creek and o t h e r  s u l f i d e  systems occur  i n  d r a i n -  
age bas ins  .w i th  anomalous copper, molybdenum, and, l o c a l l y ,  tungsten.  
These bas ins  a re  i n  t h e  c e n t e r  o f  t h e  anomalous c l u s t e r s  and a re  surrounded 
by  dra inage b a s i n s  c o n t a i n i n g  anomalous c o n c e n t r a t i o n s  o f  lead,  z inc ,  
s i l v e r ,  gold,  and arsen ic ,  as we1 1 as copper ( f i g .  3 ) .  Drainage bas ins  On 
t h e  o u t e r  f r i n g e s  o f  t h e  c l u s t e r s  c o n t a i n  anomalous t i n  and bismuth.  The 
a s s o c i a t i o n  o f  t h e  1 i t h o p h i  l e  e lements t i n  and tungs ten  w i t h  copper-molyb- 
denum m i n e r a l i z a t i o n  suggests s i m i l a r i t i e s  t o  d e p o s i t s  formed i n  c o n t i n e n t a l  
c r u s t  r a t h e r  thdn  t o  oceanic environments.  M i n e r a l o g i c  s tudy  o f  t h e  Ch ign ik  
and Sutwik I s l a n d  heavy m i n e r a l  concen t rd tes  ( T r i p p  and Detra,  1980) i n d i -  
c a t e  t h a t  tungs ten  occurs  as s c h e e l i t e  and a rsen ic  as a r s e n o p y r i t e .  No 
t 1 n  o r  b ismuth m i n e r a l s  were i d e n t i f i e d .  S c h e e l i t e  has been noted i n  
porphyry  o r e  m ine ra l  s u i t e s  i n  Sonora ( S i l  l i t o e ,  1976); Gaspe, Quebec and 
t h e  Nor thern  Cascades, Washington ( H o l l  i s t e r ,  1978).  Tungsten was n o t  
de tec ted  i n  s t u d i e s  o f  Puer to  R ico  po rphy ry  o r e s  (D .  P. Cox, unpubl ished 
d a t a ) .  

T h i s  zonal p a t t e r n  o f  anomalous meta l  c o n c e n t r a t i o n s  i s  thought  t o  be 
t h e  r e s u l t  o f  e r o s i o n  o f  smal l  v e i n l e t s  empl aced around v o l  atile-rich 
~ n t r u s i o n s .  The zon ing i s  caused by t h e  r e l a t i v e  s t a b i l i t y  o f  v a r i o u s  
s u l f i d e  m i n e r d l s  i n  hydro thermal  f l u i d s  a t  decreas ing temperatures r e l a t e d  
t o  i n c r e a s i n g  d i s t a n c e  from a  hea t  source (s )  w i t h i n  t h e  s u l f i d e  system. 
The d i s t r i b u t i o n  o f  p e r i p h e r a l  g o l d  anomalies suggests e x p u l s i o n  of g o l d  
from t h e  c e n t r a l  p d r t s  o f  t h e  s u l f i d e  systems i n d i c a t e d  D t h e , l o w  g o l d  x c o n t e n t  o f  t h e  Bee Creek d e p o s i t .  Incomple te  d a t a  f rom t e  C h ~ g n ~ k  area 
shows t h d t  t h e r e  a re  s i g n i f i c a n t  geochemicdl d i f f e r e n c e s  between A laska 
Penlnsul  a  s u l f i d e  systems and those of t h e  southwest P a c i f i c  and Greater  
Ant11 l e s .  
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Figure 2 .  Copper, molybdenum, gold ratios in the Bee Creek 
deposit compdred wi th other depos i t s  in island arc 
environments. Values in ppm. Molybdenum vdlues 
x10 gold values ~10000.  Bee Creek analyses are 
from 50- foo t  intervals i n  drill hole B-2  provided 
by Bear  Creek Mining Company. Southwest P d c i f i c  
d a t a  are  f r o m  Titley (1978). D e p o s i t s  are located 
in New Guined-Irian Jaya ( I ) ,  Phillipines ( 2 ) ,  
Borneo ( 3 ) ,  Manus Island ( 4 ) ,  dnd Bougainvi 1 le 
Island (5). Puerto Rico deposits dre Sapo Alegre 
(1) (COX dnd others, 1 9 7 5 ) ,  Tdndmd ( 2 ) ,  dnd 
Helecho (3) (0. P. Cox, unpublished d a t a ) .  
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F i g u r e  3 .  Associations dnd zoning o f  anomdlous rnetdls i n  
nonmagnetic heavy m i n e r a l  concent ra tes f r o m  stream 
sediments nedr the Bee Creek deposit. Anomalous 
va lues in ppm for each element a r e  ds fallows: Ag 
>2, As X 0 0 ,  A u  >20, Bi >20, Cu >700, Mo > l o ,  Pb 
>150, Sn >20, Zn >500. W, >500, wds not anomalous 
i n  this system. 



Kesl  e r  (1973) r e 1  a ted  g e o c h m i  s t r y  o f  po rphy ry  copper d e p o s i t s  t o  
t e c t o n i c  environment and showed t h a t  g o l d - r i c h  po rphy ry  copper d e p o s i t s  
tend  t o  occur most commonly i n  i s l a n d  a rc  environments whereas molybdenum- 
r i c h  d e p o s i t s  a r e  most,common i n  r e g i o n s  o f  t h i c k  c o n t i n e n t a l  c r u s t .  
However, Cox and o t h e r s  (1975) and T i t l e y  (1978) desc r ibed  molybdenum-rich 
d e p o s i t s  i n  t h e  same t e c t o n i c  environment as g o l d - r i c h  d e p o s i t s  i n  t h e  
Car ibbean and southwest  P a c i f i c .  S i l l i t o e  (1979) t h e n  showed t h a t  h i g h  
g o l d  c o n t e n t  i s  r e l a t e d  t o  h i g h  magne t i t e  c o n t e n t  i n  t h e  o r e  m i n e r a l  assem- 

lage and may n o t  depend on t e c t o n i c  environment.  The s i g n i f i c a n c e  o f  
magne t i t e  con ten t  on A laska  Pen insu la  s u l f i d e  systems remains t o  be eva lua ted .  

D e s c r i p t i o n  and Po tass i  urn-Argon 
De te rm ina t ions  o f  I n d i v i d u a l  S u l f i d e  Systems 

The s e n s i t i v i t y  of many d a t d b l e  m i n e r a l s  t o  argon and potass ium l o s s  
i n  response t o  thermal  events  i s  an asset  i n  t h e  d a t i n g  o f  m i n e r a l i z a t i o n  
events  as d i s t i n g u i s h e d  from emplacement o r  c r y s t a l l i z a t i o n  events.  B i o -  
t i t e ,  c h l o r i t e ,  s e r i c i t e ,  and potass ium f e l d s p a r  have proven u s e f u l  i n  
d a t i n g  po rphy ry  m i n e r a l i z a t i o n  (Damon and Mauger, 1987; Si lberman and 
o the rs ,  1977).  I n  t h e  p resen t  study,  hydro thermal  c h l o r i t e  and/or b i o t i t e  
separa tes  hdve been analyzed f rom r o c k s  e x h i b i t i n g  p r o p y l  i t i c  and p o t a s s i c  
a l t e r a t i o n .  The v e r y  f i n e  g r a i n - s i z e  o f  s e r i c i t e  i n  t h e  po rphy ry  systems 
s t u d i e d  has p rec luded  s e p a r a t i o n  o f  pu re  s e r i c i t e  from t h e  rock ;  however, 
i t  was p o s s i b l e  t o  c o n c e n t r a t e  s e r i c i t e  f rom many samples. I n  r o c k s  t h a t  
were comp le te l y  a l t e r e d  t o  qua r t z ,  s e r i c i t e ,  and s u l f i d e s ,  t h e  s u l f i d e s  
and some q u a r t z  were removed u s i n g  magnet ic  and g r a v i t y  techn iques .  T h i s  
r e s u l t e d  i n  concen t ra tes  w i t h  up t o  2.5 pe rcen t  K20. Q u a r t z  rema in ing  was 
assumed t o  have n e g l i g i b l e  potassium and argon; t h e r e f o r e ,  t h e  potassium- 
argon age determi  n a t i o n  shou ld  r e f 1  e c t  s imp ly  t h e  s e r i c i  t e  age. P rev ious  
age s t u d i e s  u s i n g  whole r o c k  o r  m o d i f i e d  whole r o c k  potass ium s i l i c a t e  and 
p r o p y l i t i c  a l t e r d t i o n  assemblages i n d i c a t e  t h a t  t hese  q u a r t z - s e r i c i t e  
concen t ra tes  y i e l d  r e l i a b l e  ages (Morton and o t h e r s ,  1977; Ash ley  and 
S i  1 berman, 1976). 

Argon e x t r d c t i o n  and mass spec t romet ry  were c a r r i e d  o u t  i n  the  U.S. 
Geo log ica l  Survey i s o t o p e  1  a b o r a t o r i e s  i n  Menlo Park, C a l i f o r n i a .  Proce- 
dures  o f  i s o t o p e  d i l u t i o n  drgon e x t r a c t i o n  g e n e r a l l y  f o l l o w  t h e  methods o f  
Da l rymple  and Lanphere (1969) w i t h  some m o d i f i c a t i o n s  due t o  changes i n  
equipment. Most samples had r e p l i c a t e  e x t r a c t i o n s .  Mass spec t romet ry  was 
done on a mass spect rometer  o f  N i e r  des ign.  Data r e d u c t i o n  o f  t h e  s p e c t r o -  
meter  d a t a  was by a  F o r t r a n - 1  anguage computer program. Est imated a n a l y t i c a l  
e r r o r s  ( p r e c i s i o n )  were assigned u s i n g  a  m o d i f i c a t i o n  o f  t h e  method o f  Cox 
and Dal rympl  e  (1967).  

Bee Creek System 

The Bee Creek p rospec t  i s  l o c a t e d  about 22 km n o r t h  of Ch ign ik ,  approx- 
i m a t e l y  5 krn i n l d n d  o f  C h i g n i k  Bay ( f i g .  1 ) .  E l e v d t i o n  rdnges f rom 150 t o  
600 m. Vege ta t i on  i s  sparse, b u t  t a l u s  dnd d l  l uv ium cover much of t h e  
p rospec t ,  The Bee Creek i n t r u s i v e  r o c k s  a re  p a r t  of a l i n e a r  east -west  
t r e n d  o f  i n t r u s i v e  r o c k s  ex tend ing  65 km f rom Weasel Mountain though t h e  
1 -2  my o l d  Cathedra l  Creek prospect ,  t o  Bldck Pedk, a 1  a t e  T e r t i a r y  t o  
Recent v o l c a n i c  c e n t e r  ( f i g  . 1 ) .  Sca t te red  K-Ar ages suggest westward 
dec reds ing  ages. The s u l f i d e  system has an a red l  e x t e n t  o f  2.5 b y  3 km 
and i s  t r u n c a t e d  on t h e  n o r t h  by a nor thward d i p p i n g  low a n g l e  t h r u s t  
(Det termdn dnd o the rs ,  1981).  The system i s  cen te red  on a  smal l  i n t r u s i v e  



complex empl aced i n t o  t h e  Upper J u r a s s i c  Naknek Format ion  and i s  marked by 
a  d i s t i n c t  zone o f  i r o n - s t a i n i n g  c o n t a i n i n g  areas of copper s t a i n e d  f l o a t .  
Bear Creek M ln ing  Co, d r i  1 l e d  f i v e  h o l e s  a t  t h i s  p rospec t  i n  1976 and made 
t h e  d r i l l  c o r e  and r e s u l t s  o f  t h e i r  s t u d y  a v a i l a b l e  t o  t h e  U.S. Geo log ica l  
Survey. 

A t  Bee Creek, c h a l c o p y r i t e  i s  most  abundant i n  arkose of t h e  Naknek 
Format ion  near i t s  c o n t a c t  w i t h  d a c i t i c  i n t r u s i v e  rocks .  The m a t r i x  of 
t h e  arkose i s  l a r g e l y  r e p l a c e d  b y  hydro thermal  and c o n t a c t  metamorphic 
b i o t i t e  and s u l f i d e s  accompanied by abundant r u t i l e .  Quar t z ,  f e l d s p a r ,  
and c h e r t  c l a s t s  i n  t h e  arkose a re  u n a l t e r e d .  The c o n t a c t  zone i s  l o c a l l y  
a,complex m i x t u r e  of a1 t e r e d  igneous and sed imentary  r o c k s  i n  which d i s -  
t l n c t i o n  between i n t r u s i v e  and c o u n t r y  r o c k s  i s  d i f f i c u l t .  The i n t r u s i v e  
r o c k s  a re  abundant ly  ve ined  w i t h  q u a r t z  b u t  c h a l c o p y r i t e  i s  r a r e .  

F l u i d  i n c l u s i o n s  up t o  30 micrometers  i n  d iameter  a re  abundant i n  t h e  
q u a r t z  phenocrys ts  and v e i n l e t s  i n  t h e  i n t r u s i o n s .  Many i n c l u s i o n s  a re  
packed w i t h  cubes o f  h a l i t e  and c r y s t a l s  o f  o t h e r  m ine ra l s ,  and a r e  c l o s e l y  
dssoc id ted  w i t h  v a p o r - r i c h  i n c l u s i o n s ,  i n d i c a t i n g  t h a t  hydro thermal  f l u i d s  
were h i g h l y  s a l i n e  and b o i l i n g  a t  t h e  t i m e  of t r a p p i n g .  Outward f r o m  t h e  
i n t r u s i v e  c o n t a c t ,  f l u i d  i n c l u s i o n s  become smal le r ,  l e s s  abundant, and of 
lower s a l i n i t y  as copper m i  nerd1 i z a t i o n  becomes more i n t e n s e .  I t  appears 
t h a t  h i g h l y  s a l i n e ,  b o i l i n g  f l u i d s  c a r r i e d  copper outward f r o m  t h e  i n t r u -  
s i o n  i n t o  t h e  a r k o s i c  rocks .  There, c h a l c o p y r i t e  was depos i ted  i n  f a v o r a b l e  
s i t e s  f o r  replacement,  ndmely carbonate  and i r o n  o x i d e  m i n e r a l s  i n  t h e  
arkose m a t r i x .  

A c l u s t e r  o f  copper, lead,  z inc ,  a rsen ic ,  g o l d  and s i l v e r  anomal ies 
i n  st ream sediments sur rounds t h e  Bee Creek d e p o s i t  and a  b ismuth  anomaly 
was d e t e c t e d  6 km t o  t h e  no r thwes t .  These a r e  b e l i e v e d  t o  r e p r e s e n t  t h e  
p e r i p h e r a l  e f f e c t s  o f  t h e  hydro thermal  s o l u t i o n s  r e 1  a ted t h e  Bee Creek 
s u l f i d e  system ( f i g .  3 ) .  

A l t e r a t i o n  i s  r o u g h l y  cen te red  around t h e  i n t r u s i o n s ,  and i n c l u d e s  a  
p o t a s s i c  c o r e  and a  p r o p y l  i t i c  p e r i p h e r y .  I r r e g u l a r  zones o f  s e r i c i  t i c  
a l t e r a t i o n  a r e  superimposed on t h e  p o t a s s i c  and p r o p y l  i t i c  zones. Loca l  
a r g i l l i c  a l t e r a t i o n  occurs  i n  p o r t i o n s  o f  t h e  i n t e r i o r  o f  t h e  p rospec t .  
A l t e r a t J o n  assemblages a re  s i m i l a r  t o  those  desc r ibed  by  L o w e l l  and G u i l b e r t  
(1970) ,  except  f o r  a  qua r t z -magne t i t e  assemblage i n  one smal l  a rea near 
t h e  c e n t e r  o f  t h e  p o t a s s i c  zone, and l o c a l  presence o f  a  cd rbona te -ac t i no -  
l i t e  dssembldge i n  arkose w i t h i n  t h e  p o t a s s i c  zone. 

The l a r g e r  o f  t h e  i n t r u s i o n s  ( f i g .  4 )  i s  a t o n a l i t e  po rphy ry  c o n t a i n i n g  
phenocrys ts  o f  p l a g i o c l a s e  (An 35 - 50).  The groundmass c o n t a i n s  p lag-ro-  
c lase ,  qua r t z ,  and hornb lende and has a  medium t o  f i n e - g r a i n e d  t e x t u r e .  
The b i o t i t e  i n  a l l  samples i s  a p p a r e n t l y  hydro thermal  and i s  commonly i n  
c l o t s  p a r t i  a1 l y  o r  f u l  l y  rep1 a c i n g  hornb lende o r  a long g r a i n  boundar ies .  
Some samples have minor  potass ium f e l d s p a r  o f  p robab le  hydro thermal  o r i g i n .  
C h l o r i t e  i s  a l s o  d common hydro thermal  m i n e r a l .  U n f o r t u n a t e l y ,  no d a t a b l e  
p r i m a r y  m i n e r a l  phases were found i n  t h i s  i n t r u s i o n .  

Subsequent t o  t o n a l  i t e  i n t r u s i o n ,  p o s s i b l y  d u r i n g  c o o l i n g ,  a l t e r a t i o n  
and m i n e r a l i z a t i o n  occur red,  A l t e r a t i o n  ages have been determined on 
hydro thermal  b i o t i t e  from two samples ( f i g .  5, Tab le  1, no. 1,8), on s e r i -  
c i t i c  a l t e r a t i o n  f rom two samples ( f i g .  5, Tab le  1, no. 2,5), and two 
dd tes  on c h l o r i t e  f i g .  5, Tab le  1, no. 4,6). Armstrong and o t h e r s  (1976) 
determined d 3.2 + .4 my age on a s e r i c i t e - c h l o r i t e  separa te .  These ages 
average 3.6 + 0.38 my and d r e  a n a l y t i c a l  l y  i n d i s t i n g u i s h a b l e  though t h e  
samples haveVpotassi urn c o n t e n t s  r a n g i n g  over  an o rde r  o f  magni tude.  

A d a c i t e  i n t r u s i o n  i s  s i m i l a r  t o  t h e  t o n a l i t e  except  i t  i s  f i n e r -  
g ra ined  dnd t h a t  t h e  hornb lende i s  u n a l t e r e d .  The hornb lende has an appdrent  



Figure 4. Sketch geologic mdp of the Bee Creek p r o s p e c t ,  
showing location o f  dri l lhol es and d a t e d  samples. 
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F i g u r e  5. Diagrdm showing dges f r o m  m i n e r d l  prospects relative 
t o  v o l c d n i c  d c t i v i t y  on the cen t rd l  A la ska  Peninsula .  



TABU 1. r o c ~ m r l u r a r g o n  age dcterminat  luns,  r e r ~ t  r a l  Alanka Yeninauln porphyry  synress. / 
Sampla r l d d  Roc* n i n a r a l t  Yerccnt t t  P cen t  Al:ott t Error Co-onto 
nurkr  0Urb.r t Y  P lo P P ~  ~f ZZIAr (E.Y. (m.3.) 

m1emlgm rsd 

BEE CMEK SLXFIUE SYSTE3 I 

2 77AW. 1% UIartt a a r i c l t e  HR .947 .941  5.57: n lu'l2 
a l t e r e d  rock .951 4.721 d 1 0 " ~  

4 ~ ~ A U I  235 Propylitically Chl .7bZ 2.926 X 10'12 
altered 4rkoco . 7 7 U  4 . 7 4 ~ 5  X l o a i 2  

5 f7AUm ZC3 [ h a r t s  . c r i e i t c  S t r  5.b4 S.ii J.111 X 10'11 
altarmd rock 5.47 2.090 X 10-11 

Ch l  -614 .bZU 3.5h1 X 1 ~ ' ~ ~  Y , 3 5  3.92 . O h 1  
.b2> .h17 

4 ?~Au .Y .  251 Potammlc~l ly  Bin 8.15 4 . 3 1 6  X 10-l1 24.11 3.73 .07 
altered hybrid 8.16 1.229 X 10-11 18.25 3.60 .08 
rock Mean---- 3.07 -10 

CATHE5KnL CREEK SUI.FIUK SYjTEH 

9 7WUa 125 D.elcr H b l  . L Y I  -294 9.i79 X 10-'3 2.83 2.16 .311 * 
. L Y 5  6.761 X 11,-13 1.8: 1.59 .20 

Mean---- 1.88 .59 

10 77ACx b Qurtz  s e r l c l t e  vtl* 1.856 1.857 3.151 X 10'12 3.17 1.25 .04 
altarad rock 1.174 1.866 4 . 0 ~  x 10'i2 5.56 1.51 .05 

Manc--- 1.38 .20 



-TABLE 1. Pota.rium-argon age deteral~tions, central Alaska k'entnaula porphyry system# (contlaued) 

*-la Pield Bock Kineralt Yercenttf 40~r i@ettt Error Cowntr 
numkt numkr type rad (m.y*) (m.y.) K2° 

molesigm rad 7 

b 

DEVILS BATHOLITH AND WARNER BAY SULFIDE SYSTEM 

14 77AWm Ybb Peglatite Kfd 14.07 1.337 X 10'~0 44.1 6.59 .I1 
14.06 1.309X10-~~ 51.6 6.16 .10 

Mean---- 6.53 .17 

Hbl -533 .533  4.186 X lo-12 16.0 6.25 . I 4  
.536 4.938 X 10-lZ 12.4 6.41 .I3 

Hean--- 6.33 .23 

77AUa 179 Altered Bio 9.00 9.01 1.020 X 10-lo 4.55 7.85 -53  
too.lite 9.01 9.674 K 10-11 31.31 7.45 .27 

Mean--- 7.65 .66 

7 7 W b  121 Oacicu n b l  3 .33: 1.125 X 10-ll 21.1 23.57 . I 9  M n i u a  age 
.324 .323 J.0UY X 10-1' 17.5 21.17 .17 poeribly  

Mean---- 22.4 1.86 ro6.t dru t o  
near proxi- 
mity to Dwvil. 
Batholith. 
Ilprra hotn- 
b l e d .  coe- 
cantrats with 
inclurioa of 

MLLAKU D U C K  HAY SULFI1)E SYSTW 

15 77AWa 183 Narc2 LK* 2 . 6 9 8  2.607 7.YlH X 10-l~ 50.3 21.81 .68 
sericitc 2.467 2.402 7.675 .X 10-l1 75.9 20.54 .63 
altered roct ?lean ----- 21.2 1.31 

7 U U s  131 Dacite d K 1.UYJ 1.13: 4,296 X 10-ll 57.3 26.54 . 5 5  
1.134 I . l U 6  4.195 X 10-l1 b6,b 25.92 .51 

Hean---- 26.2 . 1 7  

I b i o  - b i o t ~ r e ;  Urn - whole r r ~ c k ;  Hbl - horr~bleode; i h l  - c h l o r i t e ;  Ser - n<ricite("); Pleg plagioclaat; Kfd potd~s?um 
felduprr; Xi(* Lredtrd to C C W V ~  s u l f i d e s  dnd s o w  q ~ d r t z .  

7 T t'r,tasti;ur analyses by Paul Klock uslrrg f l.iw phutom,.try w i t h  .I 1 Ltt~ium m r ~ b o r a t e  flux and ltthium interrial standard 
(tndrls dnd !ngamlls. 1970). 



age of 2.15 + ,15 my, ( f i g .  5, Tab le  1, no. 3 )  i n d i c a t i n g  t h i s  hypabyssal 
i n t r u s i o n  poy tda tes  m i n e r a l i z a t i o n .  

The da tes  f rom t h i s  p rospec t  i n d i c a t e  t h e  magmatic c e n t e r  was a c t i v e  
f o r  a t  l e a s t  1.5 my, t h a t  t h e  s u l f i d e  system developed b e f o r e  t h e  f i n a l  
i n t r u s i o n  and m i n e r a l i z a t i o n  pos tda tes  t h e  t o n a l i t e  i n t r u s i o n  by  an unde- 
te rm ined  i n t e r v a l .  

Warner Bay System 

The,Warner Bay p rospec t  i s  near sea l e v e l  15 km south  of Ch ign ik  ( f i g *  
6 ) ,  w l  t h r  n  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  Devi 1  s  b a t h o l  i t h .  The p rospec t  
was d i scove red  i n  t h e  e a r l y  p a r t  o f  t h i s  c e n t u r y  dnd has two a d i t s  d r i v e n  
i n t o  i t  (Atwood, 1911, p. 124).  Re1 i e f  i s  app rox ima te l y  300 m and exposure 
i s  a lmost  e n t i r e l y  w i t h i n  a v e r t i c a l  c l i f f  ex tend ing  f rom sea- leve l  on 
Warner Bay. 

Copper-molybdenum m i n e r d l  i z a t i o n  occu rs  on j o i n t  s u r f  aces i n  t h e  
c l o s e l y  j o i n t e d  p l u t o n i c  rock ,  copper and z i n c  m i n e r a l s  occur i n  v e l n s  
p a r a l l e l  t o  t h e  j o i n t i n g .  Lead and z i n c  m i n e r a l s  a r e  a l s o  d isseminated 
i n  a smal l  b r e c c i a  zone on t h e  n o r t h  edge o f  t h e  exposure. C h a l c o p y r i t e  
and mo lybden i te  fo rm t h e  b u l k  o f  t h e  m i n e r d l i z a t i o n  and occur on j o i n t  
su r faces  th roughout  t h e  p rospec t  area (Robinson, 1975; Yount and o the rs ,  
1978).  H e m d t i t e - r i c h  v e i n s  w i t h  minor  p y r i t e ,  c h d l c o p y r i t e ,  and s p h a l e r i t e  
a r e  a l s o  p resen t  i n  t h e  Warner Bay p rospec t .  The r e l a t i o n s h i p  between t h e  
j o i  n t - c o n t r o l  l e d  copper-molybdenum and t h e  b r e c c i a  zone l e a d - z i  nc m i n e r a l  i- 
z a t i o n  i s  obscure.  The smal l  b r e c c i a  zone o r  d ia t reme on t h e  n o r t h  edge of 
t h e  Prospect  c o n t a i n s  rounded pebb les  o f  p r o p y l  i t i c a l  l y  a1 t e r e d  g r a n o d i o r i  t e .  
I n  a d d i t i o n ,  l a r g e  c r y s t a l s  o f  qua r t z ,  c a l c i t e ,  z e o l i t e ,  p y r i t e ,  galena, and 
s p h a l e r i t e  .occur i n  t h e  i n t e r s t i c e s  o f  t h e  b r e c c i a  zone. Except  f o r  t h e  
b r e c c i a  zone, a l t e r a t i o n  i n  t h e  b a t h o l  i t h  i s  r e s t r i c t e d  t o  i ncomp le te  
a l t e r a t i o n  o f  amphibole t o  b i o t i t e ,  and minor  c h l o r i t i z a t i o n  o f  t h e  b i o t i t e .  
I n  p a r t i c u l a r ,  s e r i c i t i c  o r  a r g i l l i c  a l t e r a t i o n  i s  r a r e  and f e l d s p a r  i s  
genera l  l y  f resh.  

The Devi 1s b a t h o l  i t h  i s  a  mu1 t iphase medi urn-grained g r a n o d i o r i  t e  t o  
q u a r t z  d i o r i t e  bod approx ima te l y  cen te red  on D e v i l s  Bay ( f i g .  6 )  and i s  f n e a r l y  500 square i l o m e t e r s  i n  area. Hornblende and b i o t i t e  a r e  i n  ap- 
p r o x i m a t e l y  equal p r o p o r t i o n s  i n  t h e  r o c k  and average about 5 t o  10 pe rcen t .  
Many t h i n  s e c t i o n s  show a  d i s c o n t i n u o u s  r e a c t i o n  s e r i e s  f rom c l i n o p  roxene 
t o  hornb lende t o  b i o t i t e .  P l  a g i o c l a s e  has a compos i t i on  o f  An 40-4 , and 
commonly occurs  as phenocrys ts .  Po tass i  um f e l d s p a r  ( o r t h o c l a s e )  may con- 
s t i t u t e  as much as 15 pe rcen t  o f  t h e  r o c k  and q u a r t z  as much as 30 pe rcen t .  
Small  areds o f  pegmat i te,  commonly p a r a l l e l  t o  j o i n t i n g  a re  found i n  t h e  
p rospec t .  These pegmat i tes  a re  s imp le  m i n e r a l o g i c a l l y ,  c o n s i s t i n g  of 
o r t h o c l a s e  and b i o t i t e .  Hornblende-bear ing f e l s i c  and i n t e r m e d i a t e  i n t r u -  
s i v e  r o c k s  i n  t h e  c o n t a c t  zone hdve been t h e r m a l l y  metdmorphosed by  l n t r u -  
s i o n  of t h e  b a t h o l i t h .  An age d e t e r m i n a t i o n  on dn impure hornb lende 
se a r a t e  f rom one o f  these i n t r u s i o n s  y i e l d e d  22.4 + 1.86 my ( f i g .  5,  g Ta l e  1, no. 23) i s  a minimum age o f  emplacement because of c o n t a c t  meta- 
morphism by t h e  Devi l s  b a t h o l  i t h .  

Po tass i  urn-argon age determi  n a t i o n s  on t h e  southern  p o r t i o n  o f  t h e  
b a t h o l i t h  y i e l d  L a t e  Miocene d i s c o r d a n t  ages ( f i g .  5, Tab le  1, no. 15, 16, 
21, 22 ) .  The n o r t h e a s t e r n  p a r t  o f  t h e  Devi 1s b a t h o l i t h  r e p r e s e n t s  a younger 
phase based on concordant  ages of  6 my ( f i g .  5, Tab le  1, no. 17, 18 ) .  The 
thermal  event  assoc ia ted  w i t h  t h e  i n t r u s i o n  o f  t h e  younger phase may be 
r e s p o n s i b l e  f o r  t h e  d i s c o r d a n t  ages i n  t h e  r e s t  o f  t h e  b a t h o l i t h  by  p a r t i a l l y  



F i g u r e  6 .  Sketch  geologic mdp o f  t h e  Dev i  1s bdtholi t h  dnd 
s u r r o u n d i n g  dred, Chi y n i k  q u d d r d n g l e .  Simp1 i f i e d  
f r o m  Det te rman dnd others  (1981).  



r e s e t t i n g  p r e - e x i s t i n g  m i n e r a l s .  Age d e t e r m i n a t i o n  on b i o t i t e  and o r t h o -  
c l  ase f r o m  egmat i t e  and mixed p r i m a r  and secondary b i o t i t e  f rom grano- 
d i o r i t e  a t  Rarner Bay ( f i g .  5, Tab le  1, no. 14,19,20) y i e l d  ages between 
t h a t  o f  t h e  main ( s o u t h e r n )  phase o f  t h e  b a t h o l i t h  and t h e  6 my age from 
t h e  younger phase. 

Geo log ic  mapping t o g e t h e r  w i t h  age de te rm i  n a t i o n s  on r o c k s  assoc i  a ted 
w i t h  t h e  Warner Bay p rospec t  and t h e  su r round ing  Devi 1s b a t h o l i t h ,  suggest 
t h a t  sometime i n  t h e  p e r i o d  between t h e  end of t h e  Eocene and t h e  s t a r t  of 
t h e  l a t e  Miocene a  number o f  smal l  hypabyssal s t o c k s  and d i k e s  i n t r u d e d  
r o c k s  o f  t h e  L a t e  Cretdceous C h i g n i k  and Hoodoo Format ions,  and t h e  Pa leo-  
cene and, Eocene To1 s t o i  Format ion.  One o f  t hese  s t o c k s  i s  c l o s e l y  assoc ia ted  
w i t h  a  m t n e r a l i z e d  area ds i n d i c a t e d  by  c o l o r  and geochemical anomalies 
(Yount and o the rs ,  1978); t h i s  suggests t h a t  some m i n e r a l i z a t i o n  may 
p r e d a t e  empl acement o f  t h e  Devi 1  s  b a t h o l  i t h .  

The main phase o f  t h e  b a t h o l i t h ,  a  medium-grained b i o t i t e - h o r n b l e n d e  
g r a n o d i o r i t e ,  was empldced a t  about 10 my ( l a t e  Miocene) on t h e  b a s i s  o f  
hornb lende a es ( f i g .  5, Tab le  1, no. 16,22). T h i s  p l u t o n  may account f o r  
most of t h e  !ev i l s  b a t h o l i t h .  I n j e c t i o n  of t h e  smal l  pegmat i te5  i n  t h e  
b a t h o l i t h  a t  Warner Bay occu r red  as c o o l i n g  progressed, f o l l o w e d  by t h e  
development o f  c l o s e l y  spaced j o i n t i n g  d t  Warner Bay. Cu-Mo m i n e r a l i z a t i o n  
on j o i n t  s u r f  aces developed w h i l e  temperatures  remained r e l a t i v e l y  h i g h .  
L a t e r ,  a  more f e l d s p a r - r i c h  b i o t i t e - h o r n b l e n d e  t o n a l i t e  rep resen ted  by  t h e  
6 m  o l d  younger phase ( f i g .  5, Tdb le  1, no. 17,18) was emplaced. T h i s  Y l a s  intrusive phase does n o t  appear t o  be m i n e r a l i z e d .  The d id t reme o r  
b r e c c i a  p ipe,  a t  t h e  n o r t h  end o f  t h e  Warner Bay exposure was emplaced 
after; c o o l i n g  o f  t h e  main phase o f  t h e  b a t h o l  i t h .  

H a r r i s o n  and o t h e r s  (1979)  s tudy  o f  thermal  h i s t o r i e s  o f  p l u t o n s  i n  
t h e  Codst P l u t o n i c  Complex o f  B r i t i s h  Columbia i s  u s e f u l  as an a i d  i n  
i n t e r p r e t i n g  t h e  ages i n  t h e  D e v i l s  b a t h o l i t h .  On t h e  b a s i s  of Rb-Sr, 
K-Ar, and f i s s i o n - t r a c k  d a t i n g ,  and es t ima ted  i s o t o p i c  c l o s u r e  temperatures  
( t h e  temperature  t h e  system r e t a i n s  daughter  p roduc ts  o r  ev idence of decay) 
f o r  v a r i o u s  m i n e r a l  phases, t h e y  were a b l e  t o  c o n s t r u c t  temperature  versus 
t i m e  p l o t s  and, t h e r e f o r e ,  c o o l i n g  h i  s t o r i e s  f o r  each p l u t o n  stud1 ed. 
A l though Rb-Sr and f i s s i o n - t r a c k  d a t a  a r e  n o t  a v a i l a b l e  f o r  t h e  D e v i l s  
batholith,,a,temperature versus t i m e  p l o t  o f  t h e  K-Ar d a t a  y i e l d s  a p l o t  
( f i g .  7 )  s i m i l a r  t o  t h e i r  p l o t  f o r  t h e  E c s t a l l  p l u t o n  i n  B r i t i s h  Columbia. 
C losu re  temperatures  used were t h e  argon r e t e n t i o n  ( b l o c k i n g )  temperatures  
t h e y  d e r i v e d  f o r  i n d i v i d u a l  m i n e r d l  phases; t h e  potassium-argon age i s  
p l o t t e d  on t h e  t i m e  a x i s .  Three p o s s i b l e  c o o l i n g  curves a re  shown on t h e  
diagrdm; each assumes t h d t  c o o l i n g  occurs  a t  an exponen t ia l  r a t e .  The 
f i r s t ,  a dashed l i n e  p r o j e c t e d  th rough  t h e  hornblende,  b i o t i t e ,  and o r t h o -  
c l a s e  d a t a  p o i n t s  f r o m  t h e  main phase of t h e  b a t h o l i t h  assumes d slow 
c o o l i n g  h i s t o r y .  The second, a combinat ion  d o t  and ddsh l i n e ,  i s  t h e  
apparent  r a p i d  c o o l i n g  t r e n d  o f  t h e  younger phase o f  t h e  b a t h o l i t h .  The 
t h i r d  cu rve  i s  a  d o t t e d  l i n e  para1 l e l  t o  t h a t  drawn f o r  t h e  younger phase, 
drawn from t h e  hornb lende p o i n t  f o r  t h e  main phases, and i s  drawn t o  suggest 
t h e  t i m i n g  o f  r a p i d  event  a f f e c t i n g  Warner Bay. I f  t h e  thermal  event  
occu r red  d t  t h e  t i m e  of i n t r u s i o n  o f  t h e  younger phase, then  p a r t i a l  r e s e t -  
t i n g  o f  t h e  b i o t i t e  and inc redsed  degassing o f  t h e  p r e - e x i s t i n g  o r t h o c l a s e  
a t  Warner Bdy occur red.  T h i s  ~ o u l d  i n d i c a t e  t h a t  m i n e r a l i z a t i o n  reda ted  R t h e  i n t r u s i o n  o f  t h e  younger phase o f  t h e  b a t h o l i t h  by a t  l e a s t  t e  d i f f e r -  
ence between t h e  hydro thermal  m i n e r a l  ages and t h e  p r imary  m i n e r a l  ages i n  
t h e  younger phase. T h i s  c o u l d  be 1 my o r  more. 

The approach used by H a r r i s o n  and o t h e r s  (1979) y i e l d s  equ ivoca l  
r e s u l t s  i n  t h e  Devi 1s b a t h o l i t h  based on t h e  l i m i t e d  d a t a  a v a i l a b l e .  



Time - mil l ions of years 

F i g u r e  7. Tempera tu re  versus time plot f o r  d a t d  f r o m  the 
D e v i  1s batholith, using b l o c k i n g  t e m p e r a t u r e s  o f  
H d r r i s o n  and o t h e r s  (1979)  dnd dges determined i n  
W i l s o n  and o t h e r s  (1981). Ddshed l i ne  i f l d i c d L e 5  
eossible s l o w  c o o l i n g  h i s t o r y  of mdin phases o f  

a t h o l i t h ;  d o t  and d d s h  l i n e  i n d i c d t e s  rdpid 
c o o l i n g  o f  younger phase; dotted l i n e  shows 
p d r a l l e l  rdpid c o o l i n g  e x t r d p o l d t e d  f a r  m a i n  
phase. 



Z However, i n  c o n j u n c t i o n  w i t h  o t h e r  g e o l o g i c a l  data, a  p o s t - c o o l i n g  the rma l  
event  dssoc ia ted  w i t h  t h e  i n t r u s i o n  o f  t h e  younger p l u t o n  i s  t h e  e x p l a n a t i o n  
p r e f e r r e d  by  t h e  w r i t e r s  t o  e x p l a i n  t h e  potassium-argon age p a t t e r n  i n  t h e  
main phases o f  t h e  D e v i l s  b d t h o l i t h .  T h i s  thermal  event  must have been of 
s u f f i c i e n t  i n t e n s i t y  and d u r a t i o n  t o  p a r t i a l l y  r e s e t  m ica  and potass ium 
f e l d s p a r  ages. The e f f e c t  o f  t h i s  event  on o l d e r  hornb lende ages i s  u n k ~ ~ o w n .  

Ma1 l a r d  Duck Bay System 

The M a l l a r d  Duck Bay s u l f i d e  system i s  a 4 b y  10 km a l t e r e d  zone 
exposed i n  t h e  headwaters of M a l l a r d  Duck Bay, app rox ima te l y  10  km southwest  
o f  Ch ign i k  ( f  i z .  6 ) .  The a1 t e r e d  zone ranges f rom near sea l e v e l  t o  ap- 
proximately 60 me te rs  i n  e l e v a t i o n .  Exposure i s  poor on t h e  w e l l - v e g e t a t e d  
s lopes  and most o u t c r o p s  a r e  on s teep c i r q u e  w a l l s  o r  a long  f r e s h  meander 
c u t s  i n  t h e  b r a i d e d  st reams d r a i n i n g  t h e  p rospec t .  

The a l t e r e d  r o c k s  be long  t o  a t h i c k  T e r t i a r y  (01 igocene)  a n d e s i t i c  
v o l c a n i c  and v o l c a n i c l a s t i c  r o c k  sequence i n t r u d e d  by  swarms o f  a n d e s l t e  
d i k e s  and a  smal l  t o n a l i t e  s t o c k .  P ropy l  i t i c  a l t e r a t i o n  i s  c h a r a c t e r i s t i c ,  
p e r v a s i v e  s e r i c i t i c  a l t e r a t i o n  i s  i r r e g u l a r i l y  d i s t r i b u t e d ,  and p o t a s s i c  
a l t e r a t i o n  concen t ra ted  i n  a  smal l  a r e a  of t h e  t o n a l i t e  p l u t o n  ( F i e l d s ,  
1977). 

Geochemical sampl ing shows t h e  M a l l a r d  Duck Bay system t o  be low i n  
Cu, Mo, Zn, Pb, Ag, and, Au; however, r e l a t i v e  t o  t h e  o t h e r  p r o s p e c t s  i n  
t h e  a rea  ( e x c e p t  p o s s i b l y  Warner Bay), Ma1 l a r d  Duck Bay i s  p r o p o r t i o n a t e l y  
h i g h e r  i n  l e a d  and z i n c .  M i n e r a l i z a t i o n  tends  t o  be f r a c t u r e - c o n t r o l l e d ,  
w i t h  i n t e n s e  s h a t t e r i n g  th roughou t  t h e  area ( F i e l d s ,  1977) .  

/ A  sample o f  p o r p h y r i t i c  t o n a l i t e  f r o m  one o f  t h e  s t o c k s  c o n t a i n s  
l a r g e  phenoc rys ts  o f  q u a r t z ,  p l a g i o c l a s e  (abou t  An 45),  and f i n e  b i o t i t e  
and c h l o r i t e  pseudomorphs a f t e r  hornb lende.  The groundmass i s  composed of 
f i n e - g r a i n e d  p l  a g i o c l  ase, q u a r t z ,  and hydro thermal  b i o t i t e .  Bo th  phenoc rys t  
and groundmass p l  a g i o c l  ase i s  genera l  l y  f r e s h ;  s e r i c i t i z a t i o n  i s  n o t  common. 
Hydrothermal  a l t e r a t i o n  i s  cen te red  on t h i s  t o n a l i t e  exposure and F i e l d s  
(1977) r e p o r t e d  t h a t  t h e  t o n a l  i t e  i s  p r e - m i n e r a l  i z a t i o n  and n o t e d  t h a t  
m i n e r a l i z a t i o n  decreases towards t h e  c o r e  o f  t h e  p l u t o n .  A  21.3 + .79 my 
age ( f i g .  5, Tab le  1, no. 24)  has been determined on c h l o r i t i z e d  T i o t i t e  
from t h l s  sample. A 21.2 + 1.31 my age has a l s o  been determined on a  
s e r i c i t i c a l l y - a l t e r e d  sampTe f r o m  t h i s  p r o s p e c t  ( f i g .  5, Tab le  1, no. 25) .  

The a n d e s i t i c  d i k e  swarm was cons ide red  p o s t - m i n e r a l i z a t i o n  by  t h e  
Bear Creek M i n i n g  Company, y e t  t h i n  s e c t i o n s  r e v e a l  p e r v a s i v e  p r o p y l l t l c  
a l t e r a t i o n .  A d i k e  sample c o l l e c t e d  by  M. L. S i lberman i s  a  f i n e - g r a i n e d  
hornb lende a n d e s i t e  p o r p h y r y  w i t h  abundant hornb lende and p l a g i o c l a s e  
phenoc rys ts  up t o  1 crn i n  s i z e .  The r o c k  c o n t a i n s  abundant e p i d o t e  and 
c h l o r i t e .  A potassium-argon age o f  27.1 + 1.58 my has been determined on 
hornb lende ( f i g .  5, Tab le  1, no. 26) f rom-th is  sample. Other  samples o f  
t h e  d i k e s  a re  a l s o  hornb lende andesi t e  o r  d a c i t e  p o r p h y r i e s ;  however, 
p e r v a s i v e  s e r i c i t i c  and p r o p y l i t i c  a l t e r d t i o n  has l a r g e l y  des t royed  t h e  
dm h i b o l e  and p l a g i o c l a s e .  The d i k e s  t r e n d  no r thwes t  and a r e  up t o  a 
k ieometer  i n  l e n g t h  dnd up t o  100 me te rs  wide. Whole-rock da tes  on un- 
a l t e r e d  v o l c a n i c  r o c k s  on t h e  p e r i p h e r y  o f  t h e  p r o s p e c t  a rea range f r o m  2 1  
t o  26 my ( f i g .  5, Tab le  1, no. 27,28) and p r o b a b l y  r e p r e s e n t  l a t e  f l o w s  
f r o m  t h e  v o l c a n i c  c e n t e r .  A lso ,  o t h e r  s tocks  and d i k e s  i n  t h e  v i c r n l t y  of 
t h e  D e v i l s  b a t h o l i t h  t o  t h e  sou th  a re  p o s s i b l y  o f  s i m i l a r  age. 

M i n e r a l  i z a t i o n  a t  Ma1 1 a rd  Duck Bay occu r red  a f t e r  t h e  emplacement of 
t h e  t o n d l i t e ,  because t h e  t o n a l i t e  i s  h y d r o t h e r m a l l y  a l t e r e d .  The a v a i l a b l e  
dge d e t e r m i n a t i o n s  i n d i c a t e  t h e  M a l l a r d  Duck Bay system was a c t i v e  f o r  a t  



l e a s t  6 my dnd t h a t  m i n e r a l i z d t i o n  occu r red  near t h e  end o f  t h i s  p e r i o d .  

Cathedra l  Creek System 

T h i s  s u l f i d e  system, marked by  a  l a r g e  c o l o r  dnomaly i n  t h e  d rd inages  
o f  Ca thed ra l ,  M i l k ,  and B ra ided  Creeks, l i e s  n o r t h - n o r t h w e s t  of Ch ign i k  
F i g .  1 )  Pan American O i  1 Company (now Amoco) d r i l l e d  9  t o  10 c o r e  h o l e s  
i n  t h e  a red  f r o m  1965 t o  1967, dnd Bear Creek M i n i n g  Company (Robinson, 
1975) e v a l u a t e d  t h e  p rospec t  i n  1975. Robinson (1975) conc luded t h a t  i f  
any s i g n i f i c a n t  copper m i n e r a l i z a t i o n  e x i s t s ,  i t  i s  a t  depth .  

Base dnd p r e c i o u s  m e t a l  v e i n s  c r o p p i n g  o u t  i n  t h e  heddwaters o f  B ra ided  
Creek c o n t a i n  q u a r t z ,  a r s e n o p y r i t e ,  s p h a l e r i t e ,  c h a l c o p y r i t e  and ga lena.  
The v e i n s  rdnge i n  t h i c k n e s s  from a  few c e n t i m e t e r s  t o  a  few t e n s  o f  c e n t -  
imeters ,  and c u t  d a c i t e  p o r p h y r y  i n t r u s i o n s  as w e l l  as r o c k s  of t h e  C h i g n i k  
Format ion .  They a r e  thought  t o  r e p r e s e n t  a  p e r i p h e r a l  m a n i f e s t a t i o n  o f  
t h e  Cd thed ra l  Creek s u l f i d e  system, 

The Ca thed ra l  Creek system 1 i e s  w i t h i n  t h e  l a r g e s t  c l u s t e r  o f  s t ream 
sediment geochemical anomal ies i n  t h e  s t u d y  a rea  (Cox and o t h e r s ,  1981). 
The c e n t e r  o f  t h e  c l u s t e r  i s  marked by molybdenum and copper anomal ies i n  
t h e  Cdthedra l  and M i  l k  Creek d r a i n a g e  b a s i n s .  The v e i n s  a t  B ra ided  Creek 
l i e  w i  t h i n  a  d ra inage  b a s i n  c o n t a i n i n g  anomalous copper, s i l v e r ,  and bismuth,  
and r e p r e s e n t  one o f  t h e  few examples where t h e  m i n e r a l i z a t i o n  r e s p o n s i b l e  
f o r  t h e  st ream sediment dnomal ies hds been seen i n  o u t c r o p .  

A t  Cd thed ra l  Creek, hypabyssal  s t o c k s  i n t r u d e  sed imentary  r o c k s  o f  
t h e  Ch ign i k ,  Hoodoo, T o l s t o i ,  and Meshik Format ions .  These s t o c k s  l i e  
nedr t h e  no r thwes t  end of t h e  i n t r u s i v e  r o c k s  e x t e n d i n g  f r o m  Weasel Mountain 
t o  B ldck  Peak, ment ioned i n  r e l a t i o n  t o  t h e  Bee Creek p rospec t .  The s t o c k s  
range i n  c o m p o s i t i o n  f rom two-pyroxene d n d e s i t e  and hornb lende a n d e s i t e  
po rphy ry  t o  b i o t i t e  d a c i t e .  P l a g i o c l d s e  compos j t i ons  a r e  q u i t e  c a l c i c  and 
range f r o m  An 50 t o  An 70 i n  t h e  a n d e s i t e s .  B i o t i t e  i s  r a r e  i n  t h e  t h i n  
s e c t i o n s  examined. D a c i t i c  and a n d e s i t i c  f l ows ,  p y r o c l a s t i c s ,  and agglom- 
e r a t e s  f r o m  B lack  Peak, a  Q u a t e r n a r y  t o  Recent volcano,  o v e r l i e  t h e  n o r t h -  
west p o r t i o n  o f  t h e  ared.  Robinson (1975)  r e p o r t s  c h l o r i t i z a t i o n  i s  common 
i n  t h e  i n t r u s i v e  r o c k s  w i t h i n  t h e  a l t e r e d  zone. Tex tu res  and t h e  g e o l o g i c  
s e t t i n g  i n d i c a t e  t h a t  these s t o c k s  were emplaced d t  v e r y  s h a l l o w  depths  
and may i n  p a r t  be e x t r u s i v e .  S e r i c i t i c  a l t e r a t i o n  i s  e x t e n s i v e  i n  t h e  
sed imentary  r o c k s  su r round ing  t h e  s tocks  bu t ,  p o t a s s i c  a l t e r a t i o n  i s  n o t  
apparent .  A po tass ium-argon d a t e  o f  1.38 + ,19 my has been determined on 
d, sample o f  s e r i c i t i c a l  l y  a l t e r e d  sedimemtary r o c k  ( f i g .  5, Tab le  1, no. 
10 ) .  The s t o c k s  range f r o m  u n a l t e r e d  t o  s t r o n g l y  s e r i c i t i c a l l y  a l t e r e d .  
An u n a l t e r e d  hornb lende d n d e s i t e  s tock  on t h e  p e r i p h e r y  o f  t h e  p rospec t  
has y i e l d e d  a  hornb lende age o f  1.88 my, and an u n a l t e r e d  d a c i t e  gave a  
whole-rock age of 1.94 my ( f i g .  5, Tab le  1, no. 9,13). Two samples f r o m  
w i t h i n  t h e  p r o s p e c t  a rea o f  d a c i t e  and weakly p r o p y l  i t i c a l  l y  a l t e r e d  a n d e s i t e  
hdve  y i e l d e d  1.80 and 1.72 my ( f i g .  5, Tab le  1, no. 11,12) ages on p l a g i o -  
c l  ase r e s p e c t i v e l y .  These ages a r e  a n a l y t i c a l l y  i n d i s t i n g u i s h a b l e  f r o m  
t h e  dbove-mentioned u n a l t e r e d  r o c k s .  The s e r i c i t e  a l t e r d t i o n  age i s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a n a l y t i c a l l y ,  y e t  a 0.4 my d i f f e r e n c e  i s  suggested. 
B ldck  Pedk afid i t s  a s s o ~ i  a ted  P l e i s t o c e n e  dnd Q u a t e r n a r y  v o l c d n i c  r o c k s  
dre a p a r t  o f  t h e  magmatic a c t i v i t y  r e l a t e d  t o  t h e  Ca thed ra l  Creek p r o s p e c t .  
A span o f  n e d r l y  2 my i s  suggested f o r  t h i s  system, w i t h  hydro thermal  
a l t e r a t i o n  and m i n e r a l i z t i o n  o c c u r r i n g  e a r l y  i n  t h i s  p e r i o d .  



C r u s t d l  Environment 

The A1 aska-A1 e u t  i dn Range bath01 i t h  (Reed and Lanphere, 1973) has 
served as basement o f  t h e  n o r t h e r n  p a r t  o f  t h e  A laska  P e n i n s u l a  t e r r a n e ,  
s i n c e  m i d d l e  and l a t e  Mesozoic t i m e .  Case and o t h e r s  (1981) suggest  t h a t  
basement from Ch ign i k  southwestward, c o n s i s t  o f  p r e - J u r a s s i c  ocean ic  o r  
t r a n s i t i o n a l  c r u s t  which produces l a r g e  p o s i t i v e  Bouguer anomal ies.  I n  an 
a t temp t  t o  f u r t h e r  c h a r a c t e r i z e  t h e  envi ronment i n t o  wh ich  p o r p h y r y - t y p e  
m i n e r a l i z a t i o n  has been i n t r o d u c e d ,  a sample o f  ga lena  f r o m  w i t h i n  t h e  
Warner Bay s u l f i d e  system was i s o t o p i c a l l y  analyzed.  I t  came f r o m  a  b r e c c i a  
p i p e  o r  d i a t r e m e  t h a t  i n t r u d e d  t h e  D e v i l s  b a t h o l i t h  (10-6 my) which i n  
t u r n  i n t r u d e d  a  t h i c k  s e c t i o n  of Mesozoic and e a r l y  Cenozoic c l a s t i c  s e d i -  
mentary  r o c k s  i n  t h e  southwest  p a r t  o f  t h e  Ch ign i k  quadrang le .  B. R. Doe 
and Ann Lehuray r e p o r t e d  t h e  r e s u l t s  of a n a l y s i s  b y  s u r f a c e  em iss ion  
i o n i z a t i o n  techn ique  as f o l l o w s :  

206Pb1204P b  207Pbl204Pb 208Pb/204Pb 
18.894 15.544 38.398 

These r d t i o s ,  acco rd ing  t o  Doe ( w r i t t e n  commun,, June, 1980), a re  charac-  
t e r i  s t i c  o f  m a n t l e - d e r i v e d  v o l c a n i c  rocks ,  t e n d i n g  t o  suppor t  t h e  argument 
(Case and o the rs ,  1981) t h a t  ocedn ic  c r u s t  i s  a t  sha l l ow  dep th  beneath t h e  
southwest  p a r t  o f  t h e  Ch ign i k  area.  

A t  p resen t ,  t h e  a c t i v e  vo lcanos o f  t h e  A laska  P e n i n s u l a  and A l e u t i a n  
I s 1  ands a r e  t h e  subarea1 exp ress ion  o f  a  magmatic a rc  a s s o c i a t e d  w i t h  t h e  
convergent  marg in  a t  t h e  A l e u t i d n  Trench between t h e  N o r t h  American and 
P a c i f i c  p l a t e s .  Recent work ( W i  l son ,  1980; Det terman and o t h e r s ,  1981) 
hds shown t h e  P e n i n s u l a  t o  be t h e  l o c u s  o f  p o s s i b l y  f o u r  igneous a r c s  
s i n c e  J u r a s s i c  t ime .  Paleomagnet ic  work (Stone and Packer, 1977) has sug- 
ges ted  a m o b i l e  t e c t o n i c  h i s t o r y  f o r  t h e  Pen insu la ;  t h e r e f o r e ,  t h e  s p e c i f i c  
t e c t o n i c  s e t t i n g  and l o c a t i o n  o f  t h e  P e n i n s u l a  a t  any t i m e  i s  u n c l e a r .  
W i l son  (1980) suggested t r a n s l d t i o n  a long  t h e  western  marg in  o f  t h e  N o r t h  
American p l a t e  i n  compl iance w i t h  t h e  c o n s t r a i n t s  s e t  by  Stone and Packer 
(1977) and H i  11 house ( 1977).  E p i s o d i c  subduct ion ,  imp1 i ed b y  Byrne (1979),  
i s  p r o b a b l y  a l s o  p a r t  o f  t h e  h i s t o r y .  

Conc lus ions  and D i s c u s s i o n  

S u l f i d e  systems, some of which c o n t a i n  po rphy ry  copper and p o r p h y r y  
molybdenum prospects ,  a r e  a s s o c i a t e d  w i  t h  hypabyssdl  andesi t i c ,  d a c i  t i c  
and t o n a l i t i c  i n t r u s i o n s  i n  t h e  c e n t r a l  A laska  Pen insu la .  

W i th  r e g a r d  t o  t i m i n g  o f  magmatic and hydro thermal  phases o f  s u l f i d e  
systems and p o r p h y r y  d e p o s i t s :  

1. Potassium-argon age d e t e r m i n a t i o n s  i n d i c a t e  t h e  t i m e  between 
h d ro the rma l  a1 t e r a t i  on and m i n e r a l  i z a t i o n ,  and empl acement i s v a r i  a b l e  X w e r e  i t  can be determined dnd may be as much as two m i  1  l i o n  years .  
T h i s  t i m i n g ,  l a r g e l y  d e f i n e d  by t h e  Warner Bay ages i s  s i m i  l d r  t o  
t h a t  demonstrated by Page (1975 )  f o r  po rphy ry  copper p r o s p e c t s  i n  
Papua, New Guinea. Chivas and McDouga l l ' s  (1978),  s t u d y  o f  t h e  ~ o l o u l a  
p r o s p e c t  on Guadalcanal I s l a n d ,  documented a  l i f e t i m e  o f  0.8 t o  0.9 
my f o r  a  hydro thermal  system r e l a t e d  t o  copper m i n e r a l i z a t i o n  a c t i v e  
i n  t h e  area. They i n t e r p r e t  voluminous K-Ar d a t a  on igneous and 
hydro thermal  s tages t o  i n d i c a t e  t h a t  c o o l i n g  occu r red  s l o w l y  due t o  
c o n t i n u e d  f l u i d  c i r c u l a t i o n .  They suggest  t h a t  i n  some po rphy ry  
systems, where t h e r e  i s  a  r e s o l v a b l e  d i f f e r e n c e  i n  age between i n t r u -  
s i o n  and subsequent hydro thermal  m i n e r a l i z a t i o n ,  t h a t  t h i s  i n t e r v a l  



can be i n t e r p r e t e d  ds a near maximum e s t i m d t e  o f  hydro thermdl  system 
c i r c u l a t i o n ,  r a t h e r  t han  i n d i c a t i n g  t h a t  a d i s t i n c t  i n t e r v a l  between 
i n t r u s i o n  and m i n e r a l i z a t i o n  occu r red .  I n  d e p o s i t s  where t h e  apparent  
i n t e r v a l  i s  g r e a t e r  t han  s e v e r a l  m i l l i o n  years ,  and p r o b a b l y  t o o  l o n g  
f o r  t h e  l i f e t i m e  o f  a c o n t i n u o u s  hydro thermdl  system, Ch ivas  and 
McDougall (1978) suggest  i t  i s  more l i k e l y  t h a t  a complex s e r i e s  of 
igneous dnd hyd ro the rmd l  even ts  occur red,  dnd t h a t  t h e  i n t r u s i v e  
phase t e m p o r a l l y  a s s o c i a t e d  w i t h  m i n e r a l i z a t i o n  remains  t o  be dated.  
We suggest, based on Warner Bay, t h a t  such an i n t r u s i v e  phase may n o t  
n e c e s s a r i l y  e x i s t .  The Warner Bay d a t a  p resen ted  h e r e  suggests an 
i n t e r v a l  o f  app rox ima te l y  2 my between i n t r u s i o n  of t h e  main phase o f  
t h e  b a t h o l i t h  and m i n e r a l i z a t i o n .  The equ ivoca l  n a t u r e  o f  t h e  data ,  
however, p r e c l u d e s  a d e f i n i t e  s ta tement  dbout t h e  exac t  t i m e  o f  the  
m i n e r a l i z a t i o n  as opposed t o  i n t r u s i o n  o r  t h e  d u r a t i o n  of t h e  hyd ro -  
t he rma l  system except  t h a t  i t  hdd a l i f e  o f  l e s s  t h a n  4 my. The 
l o n g e s t  p e r i o d  o f  hyd ro the rma l  a c t i v i t y  c l e d r l y  documented by  ddequate 
d a t a  i s  t h d t  o f  Wdrnadrs dnd o t h e r s  (1978) a t  Bingham, where hyd ro -  
thermal  a c t i v i t y  a p p a r e n t l y  occu r red ,  perhaps e p i s o d i c a l  l y ,  f o r  a t  
l e a s t  2.2 my, a l t hough  i t s  exac t  onset  i s  c o n j e c t u r d l .  Hydrothermal  
a c t i v i t y  i n  e p i  thermal  p r e c i o u s  me ta l  d e p o s i t s  1 a s t i n g  as l o n g  as 1 
my, a t  G o l d f i e l d  (Ash ley  and Si lberman, 1976),  and 1.5 my a t  Bodie, 
Cal i f o r n i  a ( S i  1 berman and o t h e r s ,  1972) has been documented. The 
Stedmboat Spr ings ,  Nevada geothermal  system has been a c t i v e ,  p r o b a b l y  
i n t e r m i t t a n t l y ,  f o r  a t  l e a s t  t h e  1 a s t  2 .5  my ( S i  1 berman and o t h e r s ,  
1979). These examples suggest  t h a t  hydro thermal  a c t i v i t y  can be a 
l o n g - l i v e d  e p i s o d e = ' l d s t i n g  f a r  beyond t h e  p e r i o d  o f  t i m e  necessdry  
f o r  t h e  c o o l i n g  o f  any p a r t i c u l a r  igneous phase. 

2. I n  most s u l f i d e  systems examined, t h e  development o f  a s u l f i d e  
s y s t m . w a s  n o t  t h e  f i n a l  s tage i n  t h e  igneous and hydro thermal  h i s t o r y  
o f  t h e s e  p rospec ts ;  a magmatic event  f o l  lowed t h e  m i n e r a l  i z a t i o n  o r  
a l t e r a t i o n ,  i n d i c d t i n g  c o n t i n u e d  l i f e  o f  t h e  magmatic system. 

3. Potassium-argon age d e t e r m i n a t i o n s  i n  t h e  Ch ign i k  r e g i o n  
show t h a t  porphyry-copper  t y p e  m i n e r a l i z a t i o n  o c c u r r e d  d u r i n g  a l l  
p e r i o d s  o f  igneous a c t i v i t y  s i n c e  l a t e  Eocene t ime,  demons t ra t i ng  
t h a t  hyd ro the rma l  a l t e r a t i o n  and m i n e r a l i z a t i o n  o c c u r r e d  th roughou t  
subduc t i on  r e l a t e d  magmatic h i s t o r y ,  which i s  s t i l l  c o n t i n u i n g ,  r a t h e r  
t h a n  b e i n g  r e s t r i c t e d  t o  some p a r t i c u l a r  s tage  of t h a t  h i s t o r y .  

In most of t hese  examples, t h e  p r e s e n t l y  measured l i f e  o f  t h e  magmatic 
system w i t h i n  which a p a r t i c u l a r  p r o s p e c t  occu rs  i s  on t h e  o r d e r  o f  s e v e r a l  
m i l l i o n  yea rs .  I t  has n o t  been p o s s i b l e  t o  r e l a t e  m i n e r a l i z a t i o n  t o  any 
p a r t i c u l a r  igneous phase o r  s tage,  and a t  t h i s  l e v e l  of reconna issance 
mapping would be d i f f i c u l t  a t  b e s t  and v i r t u a l l y  i m p o s s i b l e  i n  some cases.  
Where c a r e f u l ,  d e t d i l e d  mapping and a l t e r a t i o n  s t u d i e s  have been made such 
as a t  E l  Sa lvador ,  C h i l e  (Gustafson and Hunt, 1975),  and Ko lou la ,  Guadalcanal 
(Ch ivas  and McDougal 1 , 1978) a r e 1  d t i o n s h i p  between hyd ro the rma l  and i n t r u -  
s i v e  s tages can be c l e a r l y  documented. Development o f  a s u l f i d e  system i s  
d p h d ~ e  i n  the  e v o l u t i o n  o f  some magmdtic systems, and any c e n t e r  may 
e v o l v e  t o  t h i s  p o i n t ,  p o s s i b l y  more t h a n  once, as i n d i c a t e d  a t  E l  Salvddor 
(Gustd fson and Hunt, 1975) dnd K o l o u l  a (Ch ivas  and McDougal I, 1978) .  The 
presence o f  p o s t - m i n e r a l i z a t i o n  igneous phases a t  n e a r l y  a l l  o f  t h e  p r o s p e c t s  
suggests t h a t  t h e  magmatic sybtern c o n t i n u e s  t o  be v i a b l e  a f t e r  o p e r a t i o n  
o f  t h e  hydro thermal  system. T h i s  suppor t s  t h e  c o n t e n t i o n  t h a t  c o n t i n u e d  
l i f e  of a mdgmatic system and t h e  hed t  a s s o c i a t e d  w i t h  i t  d r i v e s  t h e  hydro-  
thermal  system and n o t  t h e  i n t r u s i o n  o f  any p a r t i c u l a r  igneous phase. 



C 
The f o l l o w i n g  conc lus ions  concern ing t h e  environment o f  emplacement o f  

t hese  systems can be made: 
1. The s u l f i d e  systems and assoc ia ted  i n t r u s i o n s  a r e  emplaced 

i n  a  t h i c k  sequence o f  Mesozoic c l a s t i c  r o c k s  hav ing  c h a r a c t e r i s t i c s  
of b o t h  c o n t i n e n t a l  c o a s t a l  p l a i n  and a  mdgmdtic arc  environment, o r  
i n  v o l c a n i c  p i l e s  t h a t  o v e r l i e  Mesozoic c l a s t i c  rocks .  

2. Most o f  t h e  systems c o n t a i n  molybdenum and t h e  known d e p o s i t s  
a re  a l l  molybdenum-rich. Systems i n  which g o l d  i s  r e t a i n e d  i n  t h e  
Innermost  zones were n o t  found. 

3. A n a l y s i s  o f  heavy m i n e r d l  concen t ra tes  f rom stream sediments 
d e r i v e d  f rom these  systems i n d i c a t e s  t h a t  anomalous W, B i  and Sn a r e  
commonly assoc ia ted.  I n  t h i s  way these  systems more c l o s e l y  resemble 
those  o f  c o n t i n e n t a l  margins.  

4. G r a v i t y  d a t a  suggests t h a t  t h e  southwestern p a r t  o f  t h e  
s tudy  area i s  u n d e r l a i n  by  ocean ic  o r  t r a n s i t i o n a l  c r u s t .  

5, Lead i s o t o p e  r d t i o s  f rom ga lend i n  a  smal l  b r e c c i a  p i p e  a t  
Warner Bay a r e  more s i m i l a r  t o  those  o f  o r e  m i n e r a l s  d e r i v e d  d i r e c t l y  
from ocean ic  c r u s t  t han  t o  o res  emplaced i n  c o n t i n e n t a l  margins.  
A n a l y s i s  o f  sed imentary  r o c k s  and i n t e r p r e t a t i o n  o f  t h e  d e p o s i t i o n a l  

environments t h a t  have c h a r a c t e r i z e d  t h e  A laska Pen insu la  s i n c e  Mesozoic 
t i m e  i n d i c a t e  t h a t  i s l  and arc,  c o n t i n e n t d l  a rc  and c o n t i n e n t a l  marg ln  
environments a re  jux taposed.  The T e r t i a r y  magmatic a rcs  a r e  emplaced 
t h r o u  h  t h i s  Mesozoic p i l e .  The i n t e r m i x e d  d e p o s i t i o n a l  environments 
r e s u l ?  i n  a  v a r i e t y  o f  c h a r a c t e r i s t i c s  i n  t h e  s u l f i d e  systems t h a t  suggest  
b o t h  i s l d n d  a rc  and c o n t i n e n t a l  p rophy ry  systems. 
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