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PREFACE 

T h i s  r e p o r t  i s  a  p r e l i m i n a r y  v e r s i o n  of a  c h a p t e r  f o r  t h e  vo lume on 
A l a s k a n  g e o l o g y  f o r  t h e  Decade of N o r t h  A m e r i c a n  Geo logy  (DNAG) by t h e  
Geo log ica l  S o c i e t y  o f  America. T h i s  r e p o r t  i s  based on r e c e n t  unpub l ished d a t a  
on m e t a l l i f e r o u s  m i n e r a l  d e p o s i t s  o f  Alaska, and on r e c e n t  and o l d e r  p u b l i s h e d  
a r t i c l e s  and summaries o f  A1 askan m i n e r a l  d e p o s i t s  and r e g i o n a l  geology. The 
unpub l ished da ta  were c o n t r i b u t e d  by m ine ra l  d e p o s i t  and r e g i o n a l  g e o l o g i s t s  
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t h e  authors .  Data were a l s o  ob ta ined  f o r  c l a s s i f i c a t i o n  o f  m e t a l l i f e r o u s  
m i n e r a l  d e p o s i t s  f r o m  m i n e r a l  d e p o s i t  g e o l o g i s t s  i n  t h e  U. S. G e o l o g i c a l  
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INTRODUCTION AND PURPOSE 

Alaska i s  commonly regarded as one o f  t h e  f r o n t i e r s  o f  N o r t h  America f o r  
t h e  d i s c o v e r y  o f  m e t a l l i f e r o u s  m i n e r a l  depos i ts .  A r e c u r r i n g  theme i n  t h e  
h i s t o r y  o f  t h e  s t a t e  has been " r u s h e s "  o r  "s tampedes"  t o  s i t e s  o f  n e w l y  
d i s c o v e r e d  d e p o s i t s .  S i n c e  a b o u t  1965,  p r i v a t e  m i n i n g  companies  h a v e  
undertaken much e x p l o r a t i o n  f o r  l ode  and p l a c e r  m i n e r a l  depos i ts .  Dur ing  t h e  
same pe r iod ,  because o f  t h e  c o n s i d e r a b l e  i n t e r e s t  i n  f e d e r a l  l ands  i n  A laska 
and t h e  es tab l i shmen t  of new n a t i o n a l  parks, w i l d l i f e  refuges,  and n a t i v e  
c o r p o r a t i o n s ,  e x t e n s i  ve s t u d i e s  o f  m i n e r a l  d e p o s i t s  and o f  t h e  m i  n e r a l  
r e s o u r c e  p o t e n t i a l  o f  A l a s k a  have been  c o n d u c t e d  by t h e  U.S. G e o l o g i c a l  
Survey, t h e  U.S. Bureau o f  Mines, and t h e  A laska D i v i s i o n  of Geo log ica l  and 
Geophysical  Surveys. These s t u d i e s  have r e s u l t e d  i n  abundant new i n f o r m a t i o n  
on Alaskan m i n e r a l  depos i ts .  I n  t h e  same per iod ,  s u b s t a n t i a l  new g e o l o g i c  
mapping has a l s o  been completed w i t h  t h e  h e l p  o f  new l o g i s t i c a l  and t e c h n i c a l  
t o o l s .  One r e s u l t  of t h e  g e o l o g i c  mapping and assoc ia ted  g e o l o g i c  s t u d i e s  i s  
t h e  r e c o g n i t i o n  o f  numerous faul t -bounded assemblages o f  rocks  des ignated as 
t e c t o n o s t r a t i g r a p h i c  te r ranes .  Proponents o f  t h i s  concept  suggest  t h a t  most o f  
Alaska c o n s i s t s  o f  a c o l l a g e  of such t e r r a n e s  (Jones and o thers ,  1987: Monger 
and Berg, 1987). 

The purpose of t h i s  r e p o r t  i s  t o  summarize t h e  l o c a l  geology, g e o l o g i c  
s e t t i n g ,  and me ta l l ogenes is  o f  t h e  major  m e t a l l i f e r o u s  l ode  d e p o s i t s  and 
p l a c e r  d i s t r i c t s  o f  Alaska. The te rm "major m i n e r a l  d e p o s i t "  i s  d e f i n e d  as a  
mine, m i n e r a l  d e p o s i t  w i t h  known reserve,  p rospect ,  o r  occur rence t h a t  t h e  
au tho rs  judged s i g n i f i c a n t  f o r  any g i v e n  geographic reg ion .  T h i s  r e p o r t  i s  
based  p r i m a r i l y  o n  u n p u b l i s h e d  d a t a ,  and o n l y  s e c o n d a r i l y  on p u b l i s h e d  
a r t i c l e s  concern ing meta l  1  i f e r o u s  m i n e r a l  d e p o s i t s  and geo logy o f  Alaska. The 
unpub l ished d a t a  were c o n t r i b u t e d  by  m ine ra l -depos i t s  g e o l o g i s t s  i n  p r i v a t e  
i n d u s t r y ,  u n i v e r s i t i e s ,  t h e  U. S. Geo log ica l  Survey, t h e  A laska D i v i s i o n  o f  
G e o l o g i c a l  and G e o p h y s i c a l  S u r v e y s ,  t h e  U.S. Bureau o f  Mines,  and b y  t h e  
authors.  C o n t r i b u t o r s  a r e  l i s t e d  on t h e  t i t l e  page. 

The r e g i o n a l  me ta l l ogenes is  and t h e  major  m e t a l l i f e r o u s  l ode  d e p o s i t s  and 
p l a c e r  d i s t r i c t s  a r e  desc r ibed  i n  t h e  f o l l o w i n g  t e x t .  Loca t ions  o f  t h e  l o d e  
d e p o s i t s  and p l a c e r  d i s t r i c t s  a r e  p l o t t e d  on P l a t e s  1 and 2. To f a c i l i t a t e  use 
o f  these maps, t h e  c h a r a c t e r i s t i c s  of t h e  l ode  d e p o s i t s  a r e  summarized i n  
T a b l e  1  ( P l a t e  1 ), and t h e  c h a r a c t e r i s t i c s  o f  t h e  p l a c e r  d i s t r i c t s  a r e  
summarized i n  Tab le  2 ( P l a t e  2 ) .  The c l a s s i f i c a t i o n  o f  l o d e  m ine ra l  and p l a c e r  
d e p o s i t s  i s  summarized i n  Appendix 1. The l i t h o t e c t o n i c  t e r r a n e  maps o f  Jones 
and o t h e r s  ( 1 9 8 7 )  and Monger and o t h e r s  (1987)  a r e  u s e d  as t h e  g e o l o g i c  
u n d e r l a y  f o r  Map 1 on P l a t e  1 .  More d e t a i l e d ,  t a b u l a r  d e s c r i p t i o n s  of 
m e t a l l i f e r o u s  l o d e  d e p o s i t s  and p l a c e r  d i s t r i c t s  o f  Alaska a r e  p u b l i s h e d  i n  a  
USGS Bul  l e t i n  t i t l e d  I1Signi  fi c a n t  Meta l  1  i f e r o u s  Lode Depos i t s  and P l a c e r  
D i s t r i c t s  o f  A l a s k a ' '  b y  N o k l e b e r g  a n d  o t h e r s  ( 1 9 8 7 ) .  The  f o l l o w i n g  
a b b r e v i a t i o n s  o r  terms a r e  used i n  t h i s  r e p o r t :  PGE - P la t i num group elements: 
REE - r a r e - e a r t h  elements; and tonne - m e t r i c  ton. 

PREVIOUS STUDIES 

S i n c e  1 9 6 4 ,  s e v e r a l  s t a t e w i d e  a n d  r e g i o n a l  s u m m a r i e s  o f  A l a s k a n  
m e t a l l i f e r o u s  l o d e  and p l a c e r  d e p o s i t s  h a v e  been  p u b l i s h e d  by t h e  U.S. 
G e o l o g i c a l  S u r v e y  (USGS), and t h e  A l a s k a  D i v i s i o n  o f  G e o l o g j c a l  and 
Geophysical  Surveys (ADGGS). I n  1964, t h e  USGS p u b l i s h e d  a  map of p l a c e r  g o l d  
occur rences i n  A laska (Cobb, 1964); subsequent ly ,  t h e y  pub1 i shed a  s t a t e w i d e  
summary o f  meta l  l i f e r o u s  l ode  d e p o s i t s  (Berg and Cobb, 1967) and a  summary o f  



Alaskan p lace r  depos i ts  (Cobb, 1973). I n  1976 and 1977, t he  USGS publ ished a 
se r i es  o f  reg iona l  tab les,  maps, and references f o r  m e t a l l i f e r o u s  deposi ts.  
These reg iona l  r epo r t s  cover t he  Brooks Range (Grybeck, 1977). the  Seward 
Peninsula (Hudson and others, 1977), c e n t r a l  A1 aska (Eber l  e i  n and others, 
19771, and southern Alaska (MacKevett and Holloway, 1977a, b). I n  1981, t he  
USGS p u b l i s h e d  a r e p o r t  on a l l  known mines, p rospec t s ,  d e p o s i t s ,  and 
occurrences i n  southeastern Alaska (Berg and others, 1981 ), and i n  1982 a 
se r i es  o f  reg iona l  minera l - ter rane maps of Alaska, prepared by C.C. Hawley and 
Assoc ia tes ,  showing t h e  l o c a t i o n ,  s i  ze, and t y p e  o f  ma jo r  me ta l1  i f e r o u s  
minera l  deposi ts,  was publ ished by t he  A r c t i c  Environmental In fo rmat ion  and 
Data Cen te r  (AEIDC, 1982). I n  1981 and 1984, t h e  USGS p u b l i s h e d  r e p o r t s  
summarizing the  reg iona l  geology, metallogenesis, and minera l  resources of 
southeastern Alaska (Berg and others,  1981; Berg, 1984). I n  recen t  years, a 
y e a r l y  l i s t i n g  o f  Alaskan lode and p lace r  deposi ts  has been publ ished by the  
Alaska D i v i s i o n  o f  Geological  and Geophysical Surveys; the  l i s t i n g  f o r  1985 i s  
by Bundtzen and o thers  (1986). 

CLASSIFICATION OF MINERAL DEPOSITS 

Me ta l l i f e rous  deposi ts  discussed i n  t h i s  r e p o r t  are c l a s s i f i e d  i n t o  29 
lode depos i t  and 4 p l ace r  depos i t  models o r  types, 1 i s t e d  below and descr ibed 
i n  Appendix 1. For s i m p l i c i t y ,  some types are grouped under one heading. Th is  
c l a s s i f i c a t i o n  was d e r i  ved main ly  from the  m i  neral-deposi t models developed by 
Er ickson (1982), Cox (1983a, b), Cox and Singer (1986).  and o the r  works l i s t e d  
i n  Appendix 1. O f  the  29 types o f  lode and p lacer  deposi ts,  f o u r  were newly 
formulated f o r  t h i s  study: metamorphosed su l f i de ,  Cu-Ag quar tz  vein, and 
f e l s i c - p l u t o n i c  U lode deposi ts,  and p lacer  Sn deposi ts.  The lode-deposit 
types a re  l i s t e d  below, i n  o rder  from those a t  o r  near t he  surface, such as 
s t r a t i f o r m  deposi ts,  t o  those 'formed a t  deeper leve ls ,  such as zoned maf ic-  
u l  t r ama f i c  and podi form chromi t e  deposi ts.  

Lode Deposi t  Types 

Kuroko massive s u l f i d e  deposi t .  
Besshi massive s u l f i d e  deposi t .  
Cyprus massive s u l f i d e  deposi t .  
Sedimentary exha la t i ve  Zn-Pb deposi t .  
K i  pushi Cu-Pb-Zn (carbonate-hosted Cu) deposi t .  
Metamorphosed s u l f i d e  deposi t .  
Bedded b a r i t e  deposi t .  
Sandstone U deposi t .  
Basal t i c  Cu deposi t .  
Hot sp r ing  Hg deposi t .  
Epi thermal ve in  deposi t .  

Low-sulf ide Au quar tz  ve in  depos i t  (abbrev ia ted t o  Au quar tz  ve in  
deposi t ) .  

Cu-Ag qua r t z  ve in  deposi t .  
Po l yme ta l l i c  ve in  deposi t .  
Sb-Au ve in  deposi t .  
Sn greisen, Sn vein,  and Sn skarn deposi ts.  
Cu-Zn-Pb (+ Au, Ag), W, and Fe (+ Au) skarn deposi ts.  
Porphyry Ci-Mo, porphyry Cu, and porphyry Mo deposi t .  
F e l s i c  p l u t o n i c  U deposi t .  
Gabbroic Ni-Cu deposi t .  
Zoned maf ic -u l t ramaf ic  C r - P t  (5  Cu, N i ,  Co, T i  o r  Fe) deposi t .  



Podiform chromi te  depos i t .  
Serpentine-hosted asbestos deposi t .  

P lacer  Deposi t  Types 

Placer  Au depos i t .  
P lacer  Sn depos i t .  
P 1  acer PGE-AU depos i t. 
Shore1 i n e  p l ace r  T i  depos i t .  

Each minera l  depos i t  descr ibed i n  t h i s  r e p o r t  i s  c l a s s i f i e d  i n t o  one o f  
t h e  a b o v e  t y p e s .  F o r  a  f e w  l o d e  d e p o s i t s ,  l a c k  o f  d a t a  p r e c l u d e s  
c l a s s i f i c a t i o n  i n t o  a s p e c i f i c  type. For these, a b r i e f  d e s c r i p t i o n  o f  t h e  
depos i t  i s  enclosed i n  parentheses under the  column labe led  "Type" i n  Table 
1. 

LODE DEPOSITS - BROOKS RANGE 

The nor thwestern Brooks Range con ta lns  several  sedimentary exha la t i ve  Zn- 
Pb, one bedded b a r i t e ,  several  podiform chromite, one Kipushi  Cu-Pb-Zn, and 
var ious  ve in  deposi ts.  The southern f l ank  o f  the  c e n t r a l  Brooks Range conta ins 
an ex tens ive  s u i t e  o f  major Kuroko massive s u l f i d e  depos i t s  and one major 
carbonate-hosted Kipushi  Cu-Pb-Zn depos i t .  The c e n t r a l  Brooks Range con ta ins  a  
s u i t e  of o f  moderate-size p o l y m e t a l l i c  vein, Au quar tz  vein, Sb-Au vein, 
p o r p h y r y  Cu and Mo, and Cu-Pb-Zn and Sn s k a r n  d e p o s i t s .  The n o r t h e a s t e r n  
Brooks Range c o n t a i n s  a c l u s t e r  o f  Pb-Zn skarn,  p o l y m e t a l l i c  v e i n ,  and 
p o r p h y r y  Mo d e p o s i t s .  M i n e r a l  d e p o s i t s  i n  t h e  Brooks  Range and Seward 
Peninsula are f u r t h e r  summarized by Einaudi  and Hitzman (1986). 

S t r a t i f o r m  Zn-Pb-Ag and and B a r i t e  Deposits, 
Northwestern Brooks Range 

The n o r t h w e s t e r n  Brooks Range c o n t a i n s  a  b e l t  o f  l a r g e  sed imen ta r y  
exha la t i ve  Zn-Pb-Ag and bedded b a r i t e  depos i ts  t h a t  extend along s t r i k e  f o r  
more than 200 km (P la te  1, Table 1). The l a r g e r  Zn-Pb-Ag depos i ts  are a t  L i k  
which conta ins an est imated 25 m i l l i o n  tonnes of ore, and a t  Red Dog Creek 
(descr ibed below), which conta ins an est imated 85 m i l l i o n  tonnes o f  o re  and 
r a n k s  w i t h i n  t h e  l a r g e s t  20  p e r c e n t  o f  known d e p o s i t s  o f  t h i s  t ype .  B o t h  
depos i t s  have h i gh  values of Zn, Pb, and Ag (Table 1). A somewhat s i m i l a r  
depos i t  occurs a t  Drenchwater Creek (descr ibed below) i n  both sedimentary and 
v o l c a n i c l a s t i c  rocks (Table 1  ). The Nimi uktuk bedded b a r i t e  depos i t  conta ins 
an est imated 1.5 m i l l i o n  tonnes of b a r i t e  (Table 1). Subs tan t ia l  p o t e n t i a l  
e x i s t s  f o r  f i n d i n g  a d d i t i o n a l  d e p o s i t s  i n  t h e  n o r t h w e s t e r n  Brooks Range 
(Nokleberg and Winkler, 1982; Lange and others,  1985). 

The sedimentary exha la t i ve  Zn-Pb-Ag and bedded b a r i t e  depos i t s  occur i n  a 
t e c t o n i c a l  l y  d i s rup ted  and s t r o n g l y  f o l ded  assemblage o f  M i ss i ss i pp ian  and 
P e n n s y l v a n i a n  c h e r t ,  sha le ,  l i m e s t o n e  t u r b i d i t e ,  m ino r  t u f f ,  and sparse  
in te rmed ia te  t o  s i l i c i c  vo lcan ic  rocks, main ly  kerataphyres, named t he  Kuna 
Formation by Mu l l  and o thers  (1982). The Kuna Formation forms t he  basal  u n i t  
of t he  Kagvik sequence o f  Churkin and o thers  (1979) and t he  Kagvi k  t e r r ane  o f  
Jones and o thers  (1987) (P la te  1).  Th is  u n i t ,  and younger l a t e  Paleozoic and 
e a r l y  Meosozic cher ts  and shales are i n t e r p r e t e d  e i t h e r  as a  deep-water, 
a l lochthonous oceanic assemblage (Churk in  and others,  1979; Nokleberg and 
Winkler, 1982; Lange and others,  1985) o r  as an assemblage deposi ted i n  an 
i n t r a c r a t o n i c  b a s i n  ( M u l l  and o t h e r s ,  1982: M a y f i e l d  and o t h e r s ,  1983). 



Depending upon i n t e r p r e t a t i o n  o f  s t r a t i g raphy ,  t he  sedimentary e x h a l a t i  ve Zn- 
Pb-Ag and bedded b a r i t e  depos i t s  a re  i n t e r p r e t e d  t o  have formed e i t h e r  i n  an 
i n c i p i e n t  submarine, cont inenta l -marg in  a r c  o r  i n  t he  e a r l y  stages of a long- 
l i ved ,  sediment-starved, ep i con t i nen ta l  basin. 

Red Dog Creek Zn-Pb-A De o s i  t - d o *  S. Modene By Joseph T ~ l a h u t a ,  Loren 

The Red Dog Creek depos i t  i s  a major, b l  ack-shale-hosted Zn-Pb-Ag depos i t  
o f  submarine exha la t i ve  o r i g i n  (Moore and others,  1986). The depos i t  occurs 
w i t h i n  a complexly deformed, nor theast - t rend ing be1 t o f  t h r u s t  s l i ces .  A 
Mesozoic compressional event g r e a t l y  foreshor tened t he  o r i g i n a l  bas in  and 
produced a t h i c k  s tack  of f o l ded  and i n t e r n a l l y  imbr i ca ted  t h r u s t  p l a t e s  (Fig. 
1A). The depos i t  1s hosted by black, f ine-gra ined s i l i c e o u s  shales, by cherts,  
and by medium-gra ined l i m e s t o n e  t u r b i d i t i e s  o f  t h e  M i s s i s s i p p i a n  and 
Pennsylvanian Kuna Formation. The fo rmat ion  i s  i n f o r m a l l y  subdiv ided i n t o  an 
upper, ore-bearing I ka l uk rok  u n i t  and a lower, more calcareous K i v a l i n a  u n i t ,  
which forms t he  s t r a t i g r a p h i c  f o o t w a l l  t o  t he  depos i t  (F ig .  1B). 

The s u l f i d e  depos i t s  occur i n  two areas, t h e  main depos i t  .is p a r t i a l l y  
b i sec ted  by Red Dog Creek, and t he  sma l le r  H i  11 t op  depos i t  caps a h i  11 about 
800 m t o  t h e  south. D r i l l i n g  on t h e  main depos i t  i n d i c a t e s  t h e  presence of 85 
m i l l i o n  tonnes  o f  o r e  g r a d i n g  17.1% Zn, 5.0% Pb, and 82 g/ t  Ag. The main 
depos i t  t rends  north-northwest and forms a n e a r l y  f l a t - l y i n g  lens 1,600 m long 
and 1.50 t o  975 rn wide (Fig. 1). Depth t o  t he  t o p  o f  t h e  ore v a r i e s  f rom zero 
t o  60 m. The H i l l t o p  depos i t  occurs i n  a f l a t - l y i n g  k l i p p e  as much as 90 m 
t h i c k ,  850 m long, and 600 m wide. Both depos i t s  occur i n  f i v e  stacked t h r u s t  
p l a t e s  ( F i g .  1 A )  w i t h i n  a r e g i o n a l l y  t e l e s c o p e d  sequence and t h e y  a r e  
separated from the  f oo twa l l  u n i t s  by a major f a u l t  zone. Two o f  t he  t h r u s t  
p l a t e s  con ta i n  s i g n i f i c a n t  s u l f i d e  deposi ts,  and a re  separated by t e c t o n i c  
s l i v e r s  o f  b a r r e n  u n i t s .  The d e p o s i t s  a r e  s t r u c t u r a l l y  u n d e r l a i n  by t h e  
Cretaceous Okpi kruak Formation (F ig .  1B). 

The d e p o s i t s  a r e  i n t e r c a l  a ted ,  s t r a t i f o r m  l enses composed o f  v a r y i n g  
p ropo r t i ons  o f  f ine-gra ined spha le r i  te,  galena, p y r i t e ,  marcasi te,  quartz,  and 
ba r i t e .  The dominant gangue i s  quar tz .  Local concent ra t ions of f o s s i l  worm 
tubes ,  ana logous  t o  modern o c c u r r e n c e s  a l o n g  t h e  E a s t  P a c i f i c  R ise ,  a r e  
thought t o  represent  ven t - re la ted  l i f e  zones. Minor amounts o f  low-grade 
s u l f i d e s  occur as beds and ve ins i n  the  enc los ing  shales, e s p e c i a l l y  near the 
base o f  t h e  depos i t ,  where t h e  ve ins form a feeder  system. I n  these areas, t h e  
ve ins a re  as much as 1 m t h i c k  and con ta i n  medium- t o  coarse-grained su l f ides,  
as we1 1 as w a l l  rock  inc lus ions .  Ba r i  t e - r i c h  lenses, a t t a i n i n g  th icknesses 
g rea te r  than 45 m, a re  most common as a cap t o  t he  depos i t  and l o c a l l y  extend 
upward i n t o  t h e  S i  k s i  kpuk Formation. 

The depos i t s  a re  c l a s s i f i e d  as submarine exha la t i ve  depos i t s  t h a t  formed 
i n  t he  e a r l y  stages of a long- l i ved  s ta rved  ep i con t i nen ta l  bas in  (Moore and 
others, 1986). A l t e r n a t i v e l y ,  Lange and o thers  (1985) suggest t he  depos i t  
formed i n  an i n c i p i e n t  submarine is land-arc  o r  submarine cont inental-margin- 
a rc  environment. The m i n e r a l i z i n g  event took p lace  e p i s o d i c a l l y  f o r  25 t o  30 
my. ,  concurrent  w i t h  t e c t o n i c  i n s t a b i l i t y  i n  t h e  basin. Small, s p a t i a l l y  
assoc ia ted igneous i n t r u s i o n s  o f  poss ib l e  M i ss i ss i pp ian  age p rov i de  evidence 
f o r  l o c a l l y  e l e v a t e d  h e a t  f low.  A1 though t h e  s o u r c e  o f  t h e  m e t a l s  i s  
specula t ive,  under l y ing  Devonian f l u v i a l - d e l t a i c  rocks may have prov ided a 
bas in  a q u i f e r  through which t he  m i n e r a l i z i n g  f l u i d s  moved be fo re  exha la t i on  on 
t h e  sea f l o o r .  S t r u c t u r a l l y  a d j a c e n t  p a r t s  o f  t h e  Upper Devonian Noatak  



Sandstone con ta in  ve i n  and disseminated s u l f i d e s  t h a t  may be coeval w i t h  t he  
Red Dog Creek depos i t .  

Drenchwater Creek Zn-Pb-Aq Deposi t  

The Drenchwatcr Creek depos i t  cons is ts  of spha le r i  te, galena, p y r i t e ,  
marcasi te,  and sparse b a r i t e  i n  a  zone about 1,830 m long and as much as 45 m 
wide (Nokleberg and Winkler, 1982; Lange and others,  1985). The s u l f i d e s  occur 
both i n  d isseminat ions and i n  massive l aye rs  i n  deep-water marine cher t ,  
shale, t u f f ,  tu f faceous  sandstone, and keratophyre and andes i te  f l ows  and 
s i l l s  of M i ss i ss i pp ian  age. The rocks c o n s t i t u t e  t he  o l d e s t  p a r t  o f  t he  Kagvik 
sequence which i n  t h i s  area occurs i n  t he  lowest s t r u c t u r a l  p l a t e  i n  a b e l t  of 
t h r u s t  f a u l t s  t h a t  s t r i k e  east-west and d i p  g e n t l y  south. 

The s u l f i d e s  o c c u r  i n  h y d r o t h e r m a l l y  a l t e r e d  c h e r t  and s h a l e  and i n  
ad jacent  v o l c a n i c l a s t i c  rocks. Fragments of f ine-gra ined fe ldspar ,  pumice 
l a p i l l i ,  and maf ic  vo lcan ic  rocks a re  commonly rep laced by aggregates o f  
kaol  i n i  te, montmori 1  l o n i t e ,  s e r i c i t e ,  c h l o r i t e ,  a c t i n o l  i t e ,  ba r i t e ,  c a l c i t e ,  
quartz,  f l u o r i t e ,  and prehni  te .  Local su l  f ide-bear ing quar tz - r i ch  exhal i t e  i s  
assoc ia ted w i t h  t he  vo lcan ic  and v o l c a n i c l a s t i c  rocks. The su l f i des  and b a r i t e  
form disseminat ions,  massive spha le r i t e - r i ch  l aye rs  o r  more r a r e l y ,  quartz-  
s u l f i d e  v e i n s  t h a t  c r o s s c u t  c l eavage  p a r a l l e l i n g  a x i a l  p l a n e s  o f  s o u t h -  
dipping, nor th-verg ing f o l ds .  The ve ins represent  minor, post-deformat ional  
t r a n s p o r t  and depos i t i on  of metals. Selected samples con ta in  more than 1% Zn, 
2% Pb, 150 g / t  Ag, and 500 g / t  Cd. The depos i t s  a re  i n t e r p r e t e d  as having 
formed from metal- laden hydrothermal f l u i d s  discharged onto a deep-ocean f l o o r  
dur ing  submarine e rup t ions  occu r r i ng  i n  an i n c i p i e n t  submarine con t i nen ta l  
margin-arc o r  i s land-a rc  environment. 

Chromite Deposits, Northwestern Brooks Range 

The southern f l a n k  o f  t h e  nor thwestern Brooks Range conta ins a  b e l t  of 
depos i t s  a t  I y i  k rok Mountain, Avan, M i  sheguk Mountain, and S i n i  ktanneyak 
Mountain (Table 1, P l a t e  1 )  c l a s s i f i e d  as podi form chromi te  depos i ts  (J.A. 
A lbers  i n  Cox and Singer, 1986). The depos i t s  cons i s t  ma in ly  o f  d isseminated 
t o  f i n e q r a i n e d ,  d iscon t inous  chrorni t e  l aye rs  and pods i n  complexly fau l ted ,  
se rpen t in i zed  d u n i t e  and ha rzbu rg i t e  t e c t o n i t e  (Table 1, P l a t e  1  ). The l a r g e s t  
depos i t ,  a t  Avan, conta ins an est imated 285,000 t o  600,000 tonnes o f  chromi t e  
( F o l e y  and o t h e r s ,  i n  p r e s s )  and i s  t h u s  an e x t r e m e l y  l a r g e  d e p o s i t .  The 
d u n i t e  and ha rzbu rg i t e  t e c t o n i t e  a re  p a r t  o f  t he  Misheguk igneous sequence of 
p i  1  low b a s a l t  ( l o c a l l y  i n t e n s e l y  se rpen t i n i  zed), gabbro, cher t ,  and m i  nor 
l imestone t h a t  i s  i n t e r p r e t e d  as a  dismembered o p h i o l i t e  (Roeder and Mul l ,  
1978; Zimmerman and Soustek, 1979; Nelson and Nelson, 1982). Th is  sequence i s  
named t he  Misheguk Mountain a l l och thon  by May f i e l d  and others,  1983), p a r t  of 
the  Angayuchum te r rane  (P la te  1).  The sedimentary rocks range i n  age from 
M iss i ss i pp ian  t o  Jurass ic ;  t h e  maf i c  vo lcan ic  rocks range i n  age from Devonian 
t o  T r i a s s i c .  The age of t h e  u l t r a m a f i c  r o c k s  i s  J u r a s s i c  o r  o l d e r .  The 
u l t r a m a f i c  and maf ic  rocks occur i n  a se r i es  o f  k l i ppen  t h a t  a re  t h r u s t  over 
mai n l  y  Paleozoic and Mesozoic sedimentary rocks o f  t he  A r c t i c  Alaska t e r r a n e  
t o  the  n o r t h  ( P l a t e  1 ). 

S u l f i d e  Vein Deposits, Northwestern Brooks Range 

The eastern p a r t  o f  t he  northwestern Brooks Range conta ins a b e l t  of 
s u l f i d e  v e i n  depos i t s  a t  S to ry  Creek, Whoopee Creek, Frost ,  and Omar (Table 1, 
P l a t e  1) .  They gene ra l l y  cons i s t  o f  s p h a l e r i t e  and galena w i t h  quar tz  and 



m i n o r  c a r b o n a t e  gangue  i n  v e i n s  and f r a c t u r e s  t h a t  a r e  f o u n d  i n  t h e  
M iss i ss i pp ian  Kayak Shale of t he  End i co t t  Group a t  t he  S to ry  Creek and Whoopee 
Creek deposi ts,  and i n  do lomi te  and l imestone of t he  Ba i rd  Group a t  Frost.  The 
ve ins and f r a c t u r e s  occur i n  l i n e a r  zones from 1.5 t o  3 km long and t h a t  cross 
t i g h t l y  fo lded  s t r a ta ,  i n d i c a t i n g  an ep igene t i c  o r i g i n  ( Inyo  F. E l l e r s i e c k  and 
Jeanine M. Schmidt, w r i t t e n  commun., 1985). No tonnage and grade data are 
ava i  l a b 1  e. I n s u f f i c i e n t  da ta  p r e c l u d e  ass ignment  o f  t h e s e  d e p o s i t s  t o  a 
s p e c i f i c  m i n e r a l  d e p o s i t  t ype .  The Omar d e p o s i t  ( T a b l e  1 )  c o n s i s t s  of 
d i s s e m i n a t e d  t o  mass ive  c h a l c o p y r i t e  and o t h e r  s u l f i d e s  i n  v e i n l e t s ,  
s t r i n g e r s ,  and b l e b s  i n  b r e c c i a t e d  O r d o v i c i a n  t o  Devonian d o l o m i t e  and 
l imestone o f  the  Ba i rd  Group (Folger  and Schmidt, 1986), and i t  i s  c l a s s i f i e d  
as a K ipushi  Cu-Pb-Zn depos i t  (Table 1). The End i co t t  Group which hosts t he  
S t o r y  Creek and Whoopee Creek d e p o s i t s ,  forms p a r t  o f  t h e  Brooks Range 
a l l och ton  (May f ie ld  and others,  1983) and i s  p a r t  o f  the  End i co t t  Mountains 
subterrane (P la te  1). The Ba i rd  Group, which hosts  the  F ros t  deposi t ,  forms 
p a r t  of the  K e l l y  R iver  a l loch thon  (May f ie ld  and others,  1983) and i s  p a r t  o f  
the  Delong Mountains subterranes ( P l a t e  1 ). 

Massive S u l f i d e  Deposits, Southern Brooks Range 

An e x t e n s i v e  b e l t  o f  m a j o r  Kuroko  mass ive  s u l f i d e  d e p o s i t s  and one 
Kipushi  Cu-Pb-Zn depos i t  occurs along an east-west t r end  f o r  about 260 km 
along t h e  southern f l a n k  of the  Brooks Range (P la te  1). The l a r g e s t  deposi ts  
a r e  i n  t h e  Ambler  d i s t r i c t  (H i tzman and o t h e r s ,  1986) a t  A r c t i c ,  wh i ch  
c o n t a i n s  an e s t i m a t e d  32  m i l  l i a n  tonnes o f  ore, and a t  Ruby Creek, wh i ch  
conta ins an est imated 91 m i l l i o n  tonnes o f  o re  averaging 1.2% Cu (Table 1). 
Other Kuroko massive s u l f i d e  deposi ts  i n  the  b e l t  a re  a t  Smucker, BT, J e r r i  
Creek, Roosevelt Creek, and Michigan Creek (Table 1, P l a t e  1 )  (Hitzman and 
others, 1982). The Ann depos i t  i n  the  southern Brooks Range may be e i t h e r  a 
po lymeta l l  i c  ve in  o r  a metamorphosed s u l f i d e  depos i t  (Table 1). 

The Kuroko massive s u l f i d e  deposi ts  occur i n  o r  adjacent t o  submarine 
maf ic  and f e l s i c  metavolcanic rocks and associated carbonate, p e l  i t i c ,  and 
g r a p h i t i c  metasedimentary rocks o f  t he  Devonian and M iss i ss i pp ian  Ambler 
sequence (Hitzman and others, 1982, 1986). The Ambler sequence, along w i t h  the  
Beaver Creek P h y l l  i t e ,  Bo rn i t e  Marble, Mauneluk Schist ,  and Ani rak Schist ,  
forms the  i n fo rma l l y  named " s c h i s t  b e l t "  o f  the  southern Brooks Range (Hitzman 
and others, 1982). The Ambler sequence i s  gene ra l l y  m u l t i p l y  deformed and 
e x h i b i t s  metamorphism o f  both greenschis t  and b luesch i s t  f ac i es  (Hitzman and 
others, 1982). The deposi ts  occur w i t h i n  t he  Ambler sequence, which forms t he  
s o u t h e r n  p a r t  o f  t h e  Hammond s u b t e r r a n e  ( P l a t e  1 ) .  Most wo rke rs  i n  t h e  
southern Brooks range favor  an o r i g i n  o f  cont inental-margin r i f t i n g  r a t h e r  
than an is land-arc  f a r  the Kuroko massive s u l f i d e  deposi ts.  The Ruby Creek 
deposi t ,  c l a s s i f i e d  as a Kipushi  Cu-Pb-Zn deposi t ,  i s  g e n e t i c a l l y  r e l a t e d  t o  
Devonian submarine volcanism (See sec t i on  by M.W. Hitzman, below). Bernste in  
and Cox (1986) s t r ess  the  s i g n i f i c a n c e  o f  c a r r o l i t e  and t he  Cu-Gs s u l f i d e  
r e n i e r i t e  i n  the  Ruby Creek depos i t  as a l i n k  t o  the dolomite-hosted deposi ts  
a t  Kipushi  and Za i re  (Cox and Singer, 1986). 

Smucker Zn-Pb-Ag Deposi t  
by Charles M. Rubin 

The Smucker d e p o s i t  i s  t h e  westernmost  o f  t h e  Kuroko mass ive  s u l f i d e  
d e p o s i t s  o f  t h e  Ambler sequence. The d e p o s i t  o c c u r s  on  t h e  l i m b  of a  
recumbent, asymmetric a n t i  form t h a t  plunges g e n t l y  northwest. The s t r a t i  form 
s u l f i d e  hor i zon  extends a t  l e a s t  1,000 m along s t r i k e  and occurs s t r u c t u r a l l y  



below quartz-muscovi t e  s c h i s t  and above quartz-graphi  t e  phy l  1 i t e  members of 
t he  Ambler sequence. The s u l f i d e  hor i zon  cons i s t s  o f  banded, f ine-  t o  medium- 
gra ined p y r i t e ,  spha le r i  te, galena, cha lcopyr i te ,  and minor owyheeite i n  a 
gangue o f  q u a r t z ,  c a l c i t e ,  and p y r i t e .  Hydro therma l  a l t e r a t i o n ,  s u l f i d e  
stockworks, o r  s u l f i d e  veins a re  no t  observed. Grades o f  t he  major massive 
s u l f i d e  hor izons range from 1 t o  5% Pb, 5 t o  10% Zn, and 103 t o  343 g/t Ag 
w i t h  minor Au. 

The depos i t  occurs i n  a  Late Devonian, polydeformed sequence o f  mafic and 
f e l s i c  metavolcanic and metasedimentary rocks e x h i b i t n g  main ly  g reensch is t  
f a c i  es metamorphism. The maf i c  and f e l  s i c  m e t a v o l c a n i c  r o c k s  c o n s i s t  o f  
quartz-muscovite sch i s t ,  quartz-feldspar-muscovi t e  sch is t ,  qua r t z - ch l o r i t e -  
c a l c i t e  phy l  1  i te, and porphyrob las t i c  quartz-K-feldspar-muscovite sch is t .  The 
i n t e r l a y e r e d  metased imenta ry  r o c k s  c o n s i s t  o f  q u a r t z - m u s c o v i t e - c h l o r i  t e  
p h y l l  i t e ,  quartz-graphi  t e  phy l  li te, c a l c i  te-mica sch i s t ,  and marble. The host  
rocks probably  a re  der i ved  from a bimodal c a l c i c  t o  c a l c - a l k a l i c  vo lcan ic  
su i t e ,  i n t e r l a y e r e d  w i t h  impure c l a s t i c  and carbonate sedimentary rocks. The 
hos t  rocks s t r i  ke west-northwest, d i p  moderately south, and have been deformed 
i n t o  t i g h t  t o  i s o c l i n a l  f o l d s  over turned t o  t h e  south. I n t e r p r e t a t i o n s  o f  
r eg iona l  s t r a t i g r a p h y  a re  obscured by in tense  deformat ion and t r a n s p o s i t i o n  of 
bedding i n t o  f o l i a t i o n .  The depos i t  i s  i n t e r p r e t e d  t o  have formed e i t h e r  along 
a L a t e  Devonian ep i c ra ton i c  r i f t  margin o r  o r  i n  a  pu l l - apa r t  basin. 

A r c t i c  Zn-Cu-A De o s i t  
~ J d c *  

The A r c t i c  depos i t  i s  the  l a r g e s t  of the  b e l t  of volcanogenic (Kuroko) 
massive s u l f i d e  depos i t s  i n  the  Ambler sequence along t h e  southern f l a n k  of 
the  Brooks Range (Schmidt, 1983, 1986) (F ig .  2, P l a t e  1, Table 1). The depos i t  
occurs i n  a  sequence o f  metamorphosed basal  t i c  and r h y o l  i t i c  vo lcan ic  rocks, 
v o l c a n i c l a s t i c  and m i n o r  p l u t o n i c  rocks,  and p e l i t i c ,  carbonaceous, and 
calcareous sedimentary rocks. The main depos i t  i s  i n t e r l a y e r e d  w i t h  g r a p h i t i c  
s c h i s t s  between two me ta rhyo l i t e  porphyr ies  which a re  i n t e r p r e t e d  as submarine 
ash-f low t u f f s  (F ig .  2).  

Minor su f i des  occur a t  two hor izons above t he  main depos i t  which cons is ts  
o f  semi-massive o r  less  commonly massive s u l f i d e s  i n  m u l t i p l e  lenses, each as 
much as 15 m t h i c k ,  over a v e r t i c a l  i n t e r v a l  o f  6 t o  80 m. The main depos i t  
has an a rea l  ex ten t  of about 900 by 1,050 m and i s  es t imated t o  con ta in  32 
m i l l i o n  tonnes grad ing 4.0% Cu, 5.5% Zn, 1.0% Pb, 51.4 g / t  Ag, and 0.65 g / t  Au 
(S ichermann and o t h e r s ,  1 9 7 6 ) .  The s u l f i d e s  a r e  m a i n l y  c h a l c o p y r i t e  and 
s p h a l e r i  t e ,  w i t h  l e s s  p y r i t e ,  p y r r h o t i  t e .  ga lena ,  t e t r a h e d r i t e ,  and 
arsenopyr i  t e  and t r aces  of bo rn i  te, magnetite, and hematite. The su l  f ides  a re  
s l i g h t l y  t o  s t r o n g l y  zoned l a t e r a l  I y, w i t h  p y r r h o t i  t e  and arsenopyr i  t e  more 
abundant i n  t h e  c e n t r a l  and northwestern p a r t s  o f  t h e  depos i t  and b o r n i t e  more 
abundant i n  t he  southeast. Gangue minera ls  are a l s o  zoned, w i t h  c a l c i t e  and 
do lomi te  dominant i n  t he  southeast, b a r i t e  most abundant i n  t he  center,  and 
quar tz  and minor p h y l l o s i l i c a t e s  micas throughout. Minor s u l f i d e s  occur a t  two 
hor izons above t he  main deposi t .  

A sequence o f  l a t e r a l l y  and v e r t i c a l l y  zoned, a l t e r e d  rocks i s  t h i c k e s t  
i n  t he  southeastern p a r t  o f  the  depos i t  and t h i n s  r a p i d l y  westward. Magnesian 
c h l o r i t e - r i c h  a l t e r e d  rock i s  l imq ted  t o  t he  f o o t w a l l  of the  main deposi t .  
E n v e l o p i n g  t h e  s u l f i d e  l enses  i s  a  t o n e  o f  mixed a l t e r a t i o n  o f  b a r i a n  
f luo rph logop i  te,  t a l c ,  ba r i t e ,  ba r i an  phengi te, quartz, c a l c i t e ,  and magnesian 
c h l o r i t e .  I r r e g u l a r l y  o v e r l y i n g  t he  main depos i t  a re  t h i n l y  laminated a l t e r e d  



rocks cons i s t i ng  o f  p y r i t e ,  c a l c i t e ,  and phengite. A l l  types o f  a l t e r a t i o n s  
are t h i c k e s t  i n  a zone t r end ing  north-northeast on t he  southeast s i de  o f  the  
deposi t ,  co i nc i den t  w i t h  the high-Cu areas i nd i ca ted  by metal zoning. 

Documented chemica l  changes i n  t h e  h o s t  r o c k s  a d j a c e t l t  t o  t h e  main 
depos i t  have been an o v e r a l l  decrease i n  Na, K, and S i ,  a  decrease o f  A1 i n  
t h e  t a l c - r i c h  zones, and an i n c r e a s e  i n  Mg, Ba, F, Fe, Mg/Fe, and t o t a l  
v o l a t i l e s  i n  a l l  t y p e s  o f  a l t e r a t i o n .  The m a j o r i t y  o f  t h e  s u l f i d e s  a r e  
i n t e r p r e t e d  t o  have been deposi ted i n  f l a t - l y i n g  areas and slopes 150 t o  450 m 
from a t opog raph i ca l l y  higher, l i n e a r  vent  area. An elongate zone w i t h  h igh  
Cu, low Ag and Pb, and the  most in tense  a l t e r a t i o n ,  i s  i n t e r p r e t e d  t o  be t he  
f l u i d  vent area t h a t  was probably  f a u l t  c o n t r o l l e d  and a c t i v e  dur ing  shor t -  
l i v e d  Devonian and Miss iss ipp ian  r i f t i n g  along a con t i nen ta l  margin. 

Rub Creek Cu Deposi t  
H i  tzman 

The Ruby Creek depos i t  occurs on t he  n o r t h  f l ank  o f  t he  Cosmos H i l l s  i n  
the  west-central  p a r t  o f  t he  Ambler d i s t r i c t  (Figs.  3, 4; P la te  1, Table 1) 
(Hitzman and others, 1982). The depos i t  cons is ts  o f  disseminated t o  massive 
cha lcopyr i te ,  born i  te, cha lcoc i  te, p y r i t e ,  and l o c a l  spha le r i  te .  Local sparse 
galena, p y r r h o t i  te ,  marcasi te, c a r r o l l  i te, cupr i te ,  and r e n i e r i  t e  a l so  are 
present. The depos i t  conta ins an est imated 91 m i l  l i o n  tonnes averaging 1.2x 
Cu, w i t h  454,000 tonnes grad ing up t o  4% Cu (Runnells, 1969). The depos i t  
occurs i n  b recc ia ted  and i n tense l y  fo lded  and f a u l t e d  do lomi te  and l imestone 
of t he  Devonian Bo rn i t e  Marble (Hitzman and others, 1982),a u n i t  t h a t  i s  about 
1,000 m t h i ck .  

The d e p o s i t  i s  i n t e r p r e t e d  t o  have  fo rmed a l o n g  a r i f t e d  c o n t i n e n t a l  
margin i n  the  Late Devonian (Hitzman, 1986). The depos i t  occurs along a f a u l t  
c o n t r o l l e d ( ? )  margin o f  a carbonate bank adjacent t o  a s h a l e - f i l l e d  graben. 
The carbonates were deposi ted as an i n t e r t i d a l  bank w i t h  sca t te red  organic  
mounds and a b ioherm b a r r i e r  a t  t h e  b a s i n  edge; t h i s  c a r b o n a t e  bank i s  
s t r a t i g r a p h i c a l l y  approximately equ iva len t  t o  the  bimodal metavolcanic rocks 
and metasedimentary rocks o f  t he  Ambler sequence, which conta ins vo l  canogeni c  
mass ive  s u l f i d e  d e p o s i t s  and wh i ch  c r o p s  o u t  abou t  1 5  km t o  t h e  n o r t h .  
Pa leogeog raph i c  r e c o n s t r u c t i o n s  i n d i c a t e  t h a t  t h e  Ruby Creek area and 
volcanogenic massive s u l f i d e  deposi ts  i n  the  Ambler sequence were loca ted  on 
opposi te  s ides o f  a major sha le - f i  1  l e d  graben. 

M inera l i zed  hydrothermal do lostone bodies a re  recognized i n  biohermal and 
backree f  f a c i e s  o f  t h e  Cosmos H i 1  1s a l o n g  10  km o f  t h e  p a l e o b a s i n  m a r g i n  
(Hitzman and others, 1982). The o v e r a l l  t r end  o f  these bodies i s  para1 l e l  t o  
the fau l  t - con t ro l l ed (? )  margin o f  t he  basin, a1 though severa l  bodies formed 
along second-order s t ruc tu res .  C las ts  o f  hydrothermal do lostone a re  present i n  
synsedimentary breccia,  i n d i c a t i n g  m i n e r a l i z a t i o n  occurred concur ren t l y  w i t h  
sedimentation. Pb-Pb ages f rom galena i n  the  depos i t  have y i e l ded  concordant 
Late Devonian ages (Rob Kirkham, w r i t t e n  commun., 1979). 

The Ruby Creek hydrothermal dolostone body d i sp lays  evidence of t h ree  
major hydrothermal d o l o m i t i  z ing  events (Hitzman, 1986). The f i r s t  two events, 
A and B, formed a roughly  dome-shaped body about 450 m t h i c k  and 1,000 m by 
1,500 m i n  l a t e r a l  extent .  A1 t e r a t i o n  was l o c a l l y  c o n t r o l  l e d  by s t ra t ig raphy ,  
p u r e  c l e a n  l i m e s t o n e  beds were mos t  e a s i l y  d o l o m i t i z e d .  Less permeable 
a r g i  1  laceous and high1 y  carbonaceous 1 imestones have been general l y  l ess  
a l te red .  I n  the  upper p a r t  o f  the  system, these beds channeled f l u i d s ,  wh i l e  



a t  t he  base, such beds were a l t e r e d  t o  zones o f  fe r roan  do lomi te  and ( o r )  
s i d e r i t e  and c h l o r i t e .  

The f i r s t  a1 t e r a t i o n  event produced the  A-dolostone, c o n s i s t i n g  o f  f e r r oan  
do lomi te  near the  base o f  t he  carbonate sec t i on  grad ing upward t o  magnesian 
do lomi te  i n  the  upper p a r t  o f  t he  sec t i on  (F ig .  4). The second hydrothermal 
e v e n t  produced t h e  B-do1 os tone ,  w h i c h  c u t s  A-do los tone  a l o n g  i r r e g u l a r  
s o l u t i o n  f r o n t s  and l o c a l l y  caused i n - s i t u  b recc i a t i on .  Deep i n  the  system, 6- 
do lostone conta ins p y r i t e ,  c h l o r i t e ,  p y r r h o t i  te, t r a c e  c h a l c o p y r i t e  and 
cymri te,  and spha le r i t e .  Late-B zones, de f ined  by lenses of poo r l y  fe r roan  
do lomi te  and c a l c i t e  i n  s t r a t i g r a p h i c  t raps,  o f t e n  con ta in  nea r l y  massive 
p y r i t e  and l e sse r  spha le r i  te .  The f i n a l  hydrothermal event r e s u l t e d  i n  b r i t t l e  
f r a c t u r i n g  o f  the  do lostone body and p roduc t ion  o f  C veins.  The C ve ins a re  
v e r t i c a l l y  zoned from m i l d l y  fe r roan  do lomi te  ve ins con ta i n i ng  sparse p y r i t e  
deep i n  t h e  system, t o  d o l o m i t e  v e i n s  c o n t a i n i n g  c h a l c o p y r S i t e  and m i n o r  
c a l c i t e  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  system, t o  d o l o m i t e - c a l c i t e  v e i n s  
con ta i n i ng  subs id i a r y  s p h a l e r i t e  and c h a l c o p y r i t e  on t he  ou te r  f r i n g e s  o f  the  
system. H igh-g rade  o r e  c o n t a i  n i  ng b o r n i  t e ,  c h a l  c o c i  t e ,  c h a l  c o p y r i  t e ,  
c a r r o l l i t e ,  and s p h a l e r i t e  fo rmed where f r a c t u r i n g  o f  t h e  body a l l o w e d  
so lu t i ons  access t o  t he  l a t e  B-massive p y r i t e  zones. Copper s u l f i d e s  rep lace  
t he  late-B p y r i t e ;  c a r r o l l i t e  formed where t h e  so lu t i ons  forming t he  C ve ins 
i n t e r a c t e d  w i t h  t he  late-B c o b a l t i f e r o u s  p y r i t e .  

Sun Zn-Pb-Cu-Ag Deposi t  - 
By Chr is topher  D. Maars 

The Sun d e p o s i t  occu rs  i n  t h e  eas te rnmos t  p a r t  o f  t h e  b e l t  o f  Kuroko 
mass i ve  s u l f i d e  d e p o s i t s  i n  t h e  Ambler d i s t r i c t  ( P l a t e  1, T a b l e  1 ) .  The 
d e p o s i t  c o n s i s t s  o f  mass ive  s u l f i d e s  i n  a t  least t h r e e  s e p a r a t e  zoned 
hor izons. The s u l f i d e s  a re  spha le r i  te, cha lcopyr i te ,  galena, and a rgen t i f e rous  
t e t r a h e d r i  te.  Gangue minera ls  a re  p y r i t e ,  arsenopyr i  te, and b a r i t e .  The upper 
s u l f i d e  hor i zon  i s  r i c h  i n  Zn, Pb, and Ag, t he  midd le  hor izon i s  r i c h  i n  Cu, 
and t h e  lower hor i zon  i s  r i c h  i n  Cu and Zn. Grades average 1  t o  4% Pb, 6  t o  
12% Zn, 0.5 t o  2% Cu, and 685 t o  1,030 g / t  Ag. I n d i v i d u a l  quar tz -bar i te  beds 
con ta i n  as much as 690 t o  1,030 g / t  Ag. 

The depos i t  i s  hosted i n  metarhyol i te,  muscovi te-quartz- fe ldspar sch i s t ,  
m i c a c e o u s  c a l c - s c h i s t ,  m a r b l e ,  and g r e e n s t o n e  o f  t h e  D e v o n i a n  and  
M iss i ss i pp ian  Ambler sequence, which s t r i k e s  nor theas t  and d i ps  moderately 
s o u t h e a s t  ( F i g .  4 ) .  Most o f  t h e  d e p o s i t  i s  hos ted  i n  f e l s i c  o r  g r a p h i t i c  
s ch i s t .  Th in  concordant l aye rs  o f  su l f i des  occur i n  t he  meta rhyo l i te .  Most o f  
t h e  metarhyol i t e  i s  s i  1  iceous, 1 ight -co lored,  weakly sch i  stose, and sparse ly  
p o r p h y r i t i c .  Small- and large-sca le  i s o c l i n a l  f o l d s  are present  i n  both hos t  
rocks and s u l f i d e  layers .  The depos i t  i s  i n t e r p r e t e d  t o  have formed dur ing  
Devonian and M iss i ss i pp ian  submarine volcanism. 

Vein, Skarn, and Porphyry Deposits, Cen t ra l  Brooks Range 

To t he  n o r t h  o f  t h e  Ambler sequence i n  t he  c e n t r a l  Brooks Range i s  a l o n  
b e l t  o f  vein, skarn, and porphyry depos i t s  w i t h  an east-west s t r i k e  l eng th  o  ? 
about 240 km (Table 1, P l a t e  1). A t  M t .  I g i  kpak and A r r i ge t ch  Peaks, t h e  major 
depos i t s  a re  polymetal  1  i c  quar tz  ve ins w i t h  base-metal su l f i des ,  Sn skarns 
w i t h  disseminated c a s s i t e r i t e  and base-metal su l f i des ,  and Cu-Pb-Zn skarns 
w i t h  disseminated Fe su l f i des ,  and base-metal su l f i des .  A t  Sukapak Mountain, 
Sb-Au quar tz  ve i n  depos i ts  occur w i t h  sparse disseminated s t i b n i t e ,  cinnabar, 
and gold. A t  V i c t o r  and nearby areas, a porphyry Cu depos i t  conta ins v e i n l e t  



and d i s s e m i n a t e d  c h a l c o p y r i t e  and o t h e r  base-metal  s u l f i d e s  i n  Devon ian  
g r a n o d i o r i t e  p o r p h y r y ,  a l o n g  w i t h  an a d j a c e n t  Cu s k a r n  d e p o s i t  w i t h  
i n t e r s t i t i a l  bo rn i  te, cha lcopyr i te ,  and o the r  base metal su l f i des .  A t  Geroe 
Creek, v e i n l e t ,  stockwork, and disseminated molybdeni te occur i n  a  Devonian 
g ran i te ,  and a re  c l a s s i f i e d  as a  porphyry Cu-Mo deposi t .  I n  t he  Chandalar 
d i s t r i c t ,  go l d  and sparse s u l f i d e s  occur i n  Au quar tz  ve i n  depos i t s  i n  a  zone 
a b o u t  4.0 km w ide  and 1.6 km l ong .  I n  1981, t h e  M i kado  Squaw mine i n  t h e  
Chandalar d i s t r i c t  contained an est imated 11,000 tonnes g rad ing  75 g/t Au 
( D i  1  lon,  1982). The Chandalar d i s t r i c t  conta ins an est imated 45,000 tonnes 
g rad ing  80 g / t  Au ( O i l  Ion, 1982). 

These d e p o s i t s  a r e  i n  a  s t r u c t u r a l l y  complex and po lymetamorphosed 
assemblage o f  Devonian o r  o l d e r  carbonate rocks, i n c l u d i n g  t he  S i l u r i a n  and 
Devonian Skagi t Limestone, c a l  c-schi st ,  quartz-mica sch is t ,  and q u a r t z i t e ,  
t h a t  i s  i n t r uded  by Pro te rozo ic  and La te  Devonian gne i ss i c  g r a n i t i c  rocks and 
i s  p a r t  of t h e  Hammond subter rane ( P l a t e  1). The Devonian gne i ss i c  g r a n i t i c  
rocks and t h e i r  r e l a t e d  minera l  depos i t s  form an eas t -wes t -s t r i k ing  b e l t  i n  
t he  c e n t r a l  p a r t  of t he  metasedimentary rocks. U-Pb z i r c o n  i s o t o p i c  ages 
i n d i c a t e  t h a t  t h e  Devonian gne i ss i c  g r a n i t i c  rocks i n t r uded  about 30 t o  40 
m.y. a f t e r  t h e  e rup t i on  o f  t h e  submarine vo lcan ic  rocks t h a t  hos t  t h e  massive 
s u l f i d e  depos i t s  i n  t h e  Ambler d i s t r i c t  t o  t he  south (Newberry and others,  
1986). The po lymeta l  l i c  ve i n  deposi ts,  Cu and Sn skarns, and porphyry depos i t s  
a re  i n t e r p r e t e d  as having formed dur ing  i n t r u s i o n  o f  t he  Devonian and o l d e r  
gne i ss i c  g r a n i t i c  rocks  i n  a  cont inenta l -marg in  subduct ion zone (Newberry and 
others,  1986). The Au quar tz  and Sb-Au quar tz  v e i n  depos i t s  a re  i n t e r p r e t e d  as 
b e i n g  r e l a t e d  t o  much l a t e r  Mesozo ic  g r e e n s c h i s t  t o  amphi b o l i  t e  f a c i e s  
r eg iona l  metamorphism o f  t h e  metasedimentary and gne i ss i c  g r a n i t i c  rocks. 

Skarn, Vein, and Porphyry Deposits, 'Northeastern Brooks Range 

A c l u s t e r  o f  skarn,  v e i n ,  and p o r p h y r y  d e p o s i t s  i s  p r e s e n t  i n  t h e  
n o r t h e a s t e r n  Brooks Range i n  an  a r e a  t h a t  has m o s t l y  been w i t h d r a w n  f r o m  
minera l  e x p l o r a t i o n  (Table 1, P l a t e  1). The major depos i t s  are: (1)  a t  Esotuk 
G lac ie r ,  a Pb-Zn skarn w i t h  disseminated galena and s p a l e r i t e ,  and a  f l u o r i t e  
vein; ( 2 )  a t  Porcupine Lake, t e t r a h e d r i t e ,  enarg i te ,  and f l u o r i t e  i n  ve ins and 
as r e p l a c e m e n t s  i n  a  p o l y m e t a l l i c  v e i n ( ? ) ;  ( 3 )  a t  Romanzof Mounta ins ,  
d isseminated galena, spha le r i  te,  and c h a l c o p y r i t e  and base-metal s u l f i d e s  i n  
q u a r t z  v e i n s  i n  a D e v o n i a n ( ? )  g r a n i t e ,  wh i ch  c l a s s i f i e d  as a  superposed  
porphyry Cu and p o l y m e t a l l i c  ve i n  depos i t ,  and a  Pb-Zn skarn w i t h  galena and 
s p h a l e r i  t e ;  ( 4 )  a t  Bear  Mounta in ,  a m o l y b d e n i t e -  and wol  f r a m i t e - b e a r i n g  
T e r t i a r y  r h y o l  i t e  porphyry stock,  c l a s s i f i e d  as a  porphyry Mo depos i t  (Barker 
and Schwainbank, 1986); and ( 5 )  a t  Galena Creek, disseminated galena and 
s p h a l e r i t e  i n  a  p o l y m e t a l l i c  v e i n .  No tonnage  and g rade  e s t i m a t e s  a r e  
a v a i l a b l e ,  and none of t h e  d e p o s i t s  has been deve loped  o r  produced.  The 
pauc i t y  o f  depos i t s  i n  t he  nor theas te rn  Brooks Range most l i k e l y  r e f l e c t s  t h e  
l i m i t e d  geo log ica l  e x p l o r a t i o n  o f  t h e  area. 

The minera l  depos i t s  i n  t h e  nor theas te rn  Brooks Range occur i n  a v a r i e t y  
of hos t  rocks. The skarn depos i t  a t  Esotuk G l a c i e r  1s i n  Devonian o r  o l d e r  
m a r b l e  and  c a l c - s c h i  s t  i n t r u d e d  b y  D e v o n i a n  g n e i s s o s e  g r a n i t e .  The 
POI ymetal 1  i c ve in  depos i t  a t  Porcupine Lake occurs i n  s i  1  i c i  f i e d  tu f faceous  
1 imes tone  o f  t h e  M j  s s i s s i  p p i a n  and P e n n s y l v a n i a n  L i  s b u r n e ( ? )  Group. The 
porphyry Cu, p o l y m e t a l l i c  vein,  and skarn depos i t s  a t  Romanzof Mountains a re  
i n  Devonian(?) g r a n i t e  and Precambrian marble and ca l c - sch i s t  o f  t he  Neruokpuk 
Q u a r t z i t e  i n t r u d e d  b y  t h e  S i  l u r i  an o r  E a r l y  Devon ian  Okpi l a k  ( g r a n i t e )  
b a t h o l i t h .  The porphyry Mo depos i t  a t  Bear Mountain occurs i n  molybdenite- 



wol frami te-bear i  ng T e r t i a r y  r h y o l i t e  porphyry s tock i n t r u d i n g  t he  Neroukpuk(?) 
Q u a r t z i t e .  The p o l y m e t a l l i c  ve i n  depos i t  a t  Galena Creek i s  i n  metasedimentary 
rocks and greenstone of t he  Neruokpuk(?) Q u a r t z i t e .  The metasedimentary rocks 
o f  t he  Neruokpuk(?) Q u a r t z i t e  and t he  younger l a t e  Paleozoic and Mesozoic 
sedimentary rocks i n  t h e  r eg ion  a re  p a r t  o f  t he  Nor th  Slope subter rane ( P l a t e  
1). 

LODE DEPOSITS - SEWARD PENINSULA 

The Seward Peninsula con ta ins  a  v a r i e t y  o f  lode depos i t s  (Table 1, P l a t e  
1  ): ( 1 )  Sn-W vein,  Sn skarn, and Sn g re isen  deposi ts;  (2 )  p o l y m e t a l l i c  ve i n  
and porphyry depos i ts ;  ( 3 )  Au quar tz  ve i n  depos i ts ;  ( 4 )  a  f e l s i c  p l u t o n i c  U 
and a sandstone U deposi t ;  and (5)  a metamorphosed s u l f i d e  depos i t .  The f i r s t  
t h r e e  groups i nc l ude  most o f  t he  depos i t s  i n  the  region. The l a r g e r  Sn lode 
depos i t s  a re  ma in ly  i n  t he  northwestern p a r t  o f  t he  peninsula;  smal ler  Sn 
depos i t s  occur elsewhere. The polymetal  1  i c  and Au quar tz  ve i n  depos i t s  occur 
m a i n l y  i n  t h e  s o u t h e a s t e r n  and e a s t e r n  p a r t s  of t h e  p e n i n s u l a  ( P l a t e  1 ) .  
F e l s i c  p l u t o n i c  U, sandstone U, and metamorphosed s u l f i d e  depos i t s  occur i n  
t he  eastern p a r t  o f  t he  peninsu la  (P la te  1 ). 

Sn Vein, Skarn, and Greisen Deposi ts 

Sn lode depos i t s  i n  t he  Seward Peninsula c o n s i s t  o f  Sn ve in  depos i t s  a t  
Cape Mountain and Potato  Mountajn, a  Sn skarn depos i t  a t  Ear Mountain, Sn-W 
s k a r n  and g r e i s e n  d e p o s i t s  a t  L o s t  R i v e r ,  and a Sn g r e i s e n  d e p o s i t  a t  
Kougarok. These depos i t s  a re  o f ten  r e f e r r e d  t o  as t he  Cretaceous t i n  prov ince 
of the  Seward Peninsula. The Sn ve in  depos i t s  a t  Cape and Potato Mountains 
c o n s i s t  o f  c a s s i t e r i t e ,  p y r i t e ,  and a v a r i e t y  of o t he r  minerals,  gene ra l l y  as 
d isseminat ions i n  t h e  margins o r  d ikes  o f  Cretaceous g r a n i t e  o r  i n  veins and 
v e i n l e t s  i n  Precambrian o r  e a r l y  Paleozoic metasedimentary rocks. The Sn skarn 
depos i t s  a t  Los t  R ive r  and Ear Mountain occur i n  Paleozoic l imestone i n t r u d e d  
by Late Cretaceous g ran i t e .  The Sn g re isen  depos i t  a t  Kougarok occurs i n  steep 
p ipes o f  g re isen ized  Late Cretaceous g ran i te .  The l a r g e r  Sn lode depos i ts  
occur a t  Los t  R ive r  and Kougarok. 

Los t  R i ve r  Sn-W Deposi ts  --- 
The L o s t  R i v e r  d e p o s i t s  o c c u r  i n  v e i n  ska rn ,  g r e i s e n ,  and s o l u t i o n  

b recc ia  near and along the  upper margin o f  a  Late Cretaceous g r a n i t i c  s tock 
(Table 1, P l a t e  1 )  ( S a i n s b u r ~ ,  1969: Dobson, 1982; Donald Grybeck, w r i t t e n  
commun., 1984). The s tock i n t r udes  a t h i c k  sequence o f  a rg i l l a ceous  l imestone 
o f  t he  Ordov ic ian Po r t  Clarence Limestone o f  former usage, p a r t  o f  t he  York 
t e r r ane  (P la te  1 ). Ear ly-stage andradi te- idocrase skarn, and l a t e r  f l u o r i t e -  
magnet i te- idocrase ve in  skarns a re  a l t e r e d  t o  ch lo r i te -ca rbona te  assemblages 
t h a t  formed contemporaneous1 y w i t h  g r e i s e n  f o r m a t i o n  and c a s s i t e r i t e  
depos i t ion.  L o c a l l y  abundant b e r y l l i u m  concent ra t ions occur i n  f l u o r i t e - w h i t e  
mica veins, some con ta in ing  diaspore, chrysoberyl ,  and tourmal ine.  These ve ins 
a re  probably  assoc ia ted w i t h  t he  e a r l y  stages o f  g r a n i t e  i n t r u s i o n .  The major 
ore m inera ls  i n  t h e  skarns and q re isen  a re  c a s s i t e r j t e  and wol f rami te ,  w i t h  
l esse r  s tann i  te,  galena, spha le r i  te, p y r i t e ,  cha lcopyr i te ,  arsenopyr i  te,  and 
molybdeni te and a wide v a r i e t y  o f  con tac t  metasomatic and a l t e r a t i o n  minerals.  
Most o f  t he  p roduc t ion  was from the  C a s s i t e r i t e  dike,  a  nea r - ve r t i ca l  g r a n i t e  
d i  ke ex tens i ve l y  a1 t e red  t o  g r e i  sen. Several smal l  Sn depos i ts  occur nearby, 
a t  o r  i n  t he  T i n  Creek Grani te;  va r ious  p o l y m e t a l l i c  ve ins and skarns occur 
near t he  ad jacent  Brooks Mountain Grani te.  



Kouqarok Deposi t  
By Chr is topher  C. Puchner 

The Kougarok depos i t  (Table 1, P la te  1 )  cons is ts  o f  t i n  and tantalum- 
niobium concentrat ions i n  g r a n i t i c  dikes, s i l l s ,  and p lugs and i n  s c h i s t  
a d j a c e n t  t o  t h e  g r a n i t i c  r o c k s  ( P u c h n e r ,  1 9 8 6 ) .  Rb-Sr and  K - A r  a g e  
determinat ions i n d i c a t e  a Late Cretaceous age f o r  t he  g r a n i t i c  rocks, which 
p r o b a b l y  a r e  c o e v a l  w i t h  o t h e r  t i n - b e a r i n g  g r a n i t i c  r o c k s  o f  t h e  Seward 
Peninsula (Hudson and Arth, 1983). The t i n  deposi ts  occur i n  f o u r  geolog ic  
se t t ings :  ( 1 )  i n  steep c y l i n d r i c a l  p ipes o f  g re isen  formed i n  g ran i te ;  ( 2 )  i n  
gre isen formed i n  d ikes;  (3)  i n  g re isen  formed along the  r o o f  zone o f  g r a n i t i c  
s i l l s ;  and ( 4 )  as stockwork v e i n l e t s  i n  adjacent sch is t .  T i n  occurs dominant ly 
as disseminated c a s s i t e r i t e  i n  quartz-tourmal ine-topaz g r e i  sen. Sn grades 
range from 0.1 t o  152 Sn and average approximately 0.5% Sn. Ta-Nb deposi ts  are 
conf ined t o  t h e  r o o f  greisens. Tanta l  i te-columbi t e  occurs as disseminated 
g ra ins  i n  quartz-whi t e  mica g re isen  beneath and ( o r )  ad 'acent t o  t in -bear ing  

$ quartz-tourmal i n e  greisen. Grades range from 0.01 t o  0.03 f o r  both Ta and Nb. 
The w a l l  rocks a re  p a r t  o f  t he  Nome Group (Sainsbury, 1972). 

Po l yme ta l l i c  Vein and Porphyry Deposits 

Sparse s u l f i d e  ve in  deposi ts,  c l a s s i f i e d  as po lymeta l l  i c  ve in  deposi ts,  
and one p o r p h y r y  Mo d e p o s i t  o c c u r  i n  t h e  Seward Pen insu la ,  m a i n l y  i n  t h e  
eastern p a r t  (P la te  1).  The p o l y m e t a l l i c  ve in  deposi ts  are a t  Serpent ine Hot 
Springs, Omi  lak, Independence, and Quar tz  Creek, and the  porphyry Mo depos i t  
i s  a t  Windy. Creek (Table 1). The polymetal  l i c  ve in  deposi ts  cons i s t  of veins, 
s t r i n g e r s ,  and d i s s e m i n a t i o n s  o f  p y r i t e  and base-metal  s u l f i d e  i n :  ( 1 )  
Paleozoic(?)  marble and quartz-mica sch is ts ,  p a r t  o f  t he  Nome Group o r  mixed 
u n i t  o f  T i l l  (1984) i n  an area in t ruded  by Cretaceous g r a n i t i c  p lu tons  f o r  a l l  
bu t  the Quartz Creek deposi t :  and (2 )  a1 t e red  andesi te  and g r a n i t e  of Ju rass ic  
o r  Cretaceous age f o r  t he  Quar tz  Creek deposi t .  The porphyry Mo depos i t  a t  
Windy Creek c o n s i s t s  o f  v e i n s  and s t r i n g e r s  o f  q u a r t z ,  Fe s u l f i d e s ,  
m o l y b d e n i t e ,  ga lena,  and s p h a l e r i t e  i n  t h e  ho rnb lende  g r a n i t e  o f  t h e  
Cretaceous(?) Windy Creek p lu ton.  The p l u t o n  i n t r udes  e a r l y  Paleozoic maf ic  
s c h i s t  and marble o f  t he  Nome Group ( o r  mixed u n i t  o f  T i l l ,  1984), p a r t  of t he  
Seward t e r rane  (P la te  1). 

Au Quar tz  Vein Deposi ts 

The Seward P e n i n s u l a  c o n t a i n s  numerous Au q u a r t z  v e i n  d e p o s i t s ,  
prospects, and one mine. The l a r g e r  deposi ts  a re  i n  the  Nome d i s t r i c t  a t y  
D a n i e l s  Creek ( B l u f f ) ,  and a t  B i g  H u r r a h  ( T a b l e  1, P l a t e  1 )  (Gamble and 
others,  1985). Some o f  t he  areas produced minor gold: o n l y  t he  B ig  Hurrah Mine 
i n  t h e  Solomon R i v e r  area has r e c o r d e d  p r o d u c t i o n .  Most o f  t h e  d e p o s i t s  
cons i s t  of go ld  and sparse s u l f i d e  minera ls  i n  narrow quar tz  veins emplaced 
along f a u l t  zones i n  low-grade metamorphic rocks, main ly  i n  t he  mixed u n i t  of 
metasedimentary rocks and maf ic  s c h i s t  o f  the  Nome Group. The quar tz  ve ins c u t  
t he  gene ra l l y  sha l l ow l y  d i pp ing  metamorphic f o l i a t i o n .  I n  a d d i t i o n  t o  quartz, 
t he  veins t y p i c a l  l y  con ta in  minor carbonate and a1 b i t e  o r  01 igoclase.4 Nat i ve  
go ld  i s  accompanied by sparse a rsenopyr i te  and lesser  p y r i t e .  To ta l  s u l f i d e  
content i s  u s u a l l y  o n l y  a few percent. The o r i g i n  o f  t he  Au ve in  deposi ts  i s  
no t  c lear .  The discordance o f  the  ve ins w i t h  metamorphic f o l i a t i o n s ,  the  
p r e l i m i n a r y  oxygen i so tope  and f l u i d  i n c l u s i o n  data, s i m i l a r i t i e s  t o  o the r  
occurrences i n  metamorphic rocks, and the  t o t a l  absence o f  known o r  suspected 
i n t r u s i v e s  near t he  veins i n d i c a t e  t h a t  t he  go ld  deposi ts  formed from f l u i d s  
t h a t  e q u i l i b r a t e d  w i t h  the  sedimentary and ( o r )  vo lcan ic  p r o t o l i t h s  o f  t he  



Nome Group under greenschi s t -  o r  amphi bo l  i te- fac ies  cond i t i ons  and then moved 
upward du r i ng  a  l a t e r ,  post-k inemat ic p a r t  of t he  event t o  depos i t  t he  ve i n  
m inera ls  (Gamble and others,  1985). A Late  Ju rass ic  o r  E a r l y  Cretaceous age o f  
metamorphism and ve in  fo rmat ion  seems 1 i k e l  y  (Gamble and others,  1985). 

Big Hurrah Au Deposi t  -- 
By Bruce M. Gamble 

The B ig  Hurrah Au depos i t  cons i s t s  o f  f o u r  major quar tz  veins, and zones 
of r i bbon  quartz,  f rom 1 t o  5 m t h i c k  and a few hundred m long, formed main ly  
of q u a r t z  w i t h  l e s s e r  amounts of p l a g i o c l a s e  and c a r b o n a t e  m i n e r a l s  and 
accessory gold, scheel i te, arsenopyr i  te, and p y r i t e  (Gamble and others,  1985, 
Read and Meinert ,  1986). The ve ins a re  l o c a l i z e d  along f a u l t s  t h a t  p a r a l l e l  
major r eg iona l  f a u l t s  and s t r i k e  northwest and mos t l y  d i p  s t eep l y  southwest. 
The ve ins commonly have a r i bbon  s t r u c t u r e  caused by t he  presence o f  g raph i te -  
o r  carbon-coated f r a c t u r e s  and ( o r )  i n c l us i ons  o f  w a l l  rock t h a t  p a r a l l e l  t h e  
ve i ns .  The v e i n s  o c c u r  i n  a  g r a p h i t i c  q u a r t z - r i c h  s c h i s t  t h a t  c o n t a i n s  
v a r i a b l e  bu t  smal l  amounts o f  c h l o r i t e  and ( o r )  s e r i c i t e .  An est imated 155,500 
g o f  g o l d  has been recove red ,  m o s t l y  between 1903 and 1907, w i t h  some 
p roduc t ion  i n  t he  1940's and e a r l y  1950's (J. O r r ,  w r i t t e n  commun., 1954). 
Several min ing companies have d r i l l e d  the  depos i t  s ince  then; recen t  assays 
show 25 t o  65 g / t  Au (Gamble and others,  1985). years. The s c h i s t s  hos t i ng  the  
ve ins a re  p a r t  o f  t he  Nome Group (mixed u n i t  o f  T i l l ,  1984). which forms p a r t  
o f  the  Seward t e r rane  (P la te  1). 

Other sma l le r  Au quar tz  ve i n  depos i t s  on t he  Seward Peninsula share some 
s i m i l a r i t i e s  w i t h  t h e  B ig  Hurrah depos i t .  The s i m i l a r i t i e s  a re  low su l f i de -  
minera l  concent ra t ion,  f a u l t  l o c a l i z a t i o n ,  and confinement t o  low-grade, 
g reensch is t  f a c i e s  metamorphic rocks. However, t h e  d i s s i m i l a r i t i e s  a re  smal ler  
widths, more l i m i t e d  s t r i k e  c o n t i n u i t y ,  lovrer grades, occurrence i n  o the r  
1  i t h o l o g i e s  and commonly c o n t a i n  a  w i d e r  v a r i e t y  o f  m i n e r a l s ,  i n c l u d i n g  
c o n t a i n  p l  a g i o c l  ase, s i d e r i t e ,  f e r r o a n  d o l o m i t e ( ? ) ,  a r s e n o p y r i  t e ,  m i  n o r  
p y r i t e ,  and l o c a l l y  s t i b n i t e .  

U and Metamorphosed S u l f i d e  Deposi ts 

A f e l s i c  p l u t o n i c  U d e p o s i t  occu rs  a t  Eag le  Creek and a sands tone  U 
d e p o s i t  occu rs  a t  Death Val  l e y ,  b o t h  i n  t h e  e a s t e r n  p a r t  o f  t h e  Seward 
P e n i n s u l a  ( T a b l e  1, P l a t e  1 ) .  The f e l s i c  p l u t o n i c  d e p o s i t  c o n s i s t s  o f  
diserninated U-, Th-, and REE-minerals along t h e  margins of a1 k a l i n e  d ikes  
i n t r uded  i n t o  a  Cretaceous g r a n i t e  p l u t o n  and ad jacent  w a l l  rocks ( M i l l e r ,  
1976; M i l l e r  and Bunker. 1976). The Death Va l l ey  sandstone U depos i t  cons i s t s  
o f  main ly  me taau t i n i t e  i n  Paleocene sandstone along t h e  margin o f  a  T e r t i a r y  
sedimentary bas in  (Dick inson and Cunninyham, 1984). The U i s  i n t e r p r e t e d  as 
having been t ranspor ted  by groundwater f rom Cretaceous g r a n i t i c  p l u tons  t o  the  
west. 

A m e t a m o r p h o s e d  s u l f i d e  d e p o s i t  o c c u r s  a t  Hannum C r e e k  i n  t h e  
nor theastern p a r t  o f  the  Seward Peninsula (Table 1, P l a t e  1). The depos i t  
cons i s t s  of blebs, s t r i nge rs ,  massive boulders, and d isseminat ions of base- 
metal  s u l f i d e s  and b a r i t e  p a r a l l e l  t o  l a y e r i n g  i n  Paleozoic quartz-mica s c h i s t  
and marble, p a r t  o f  t h e  Nome Group (mixed u n i t  of T i  11. 1984). The depos i t  i s  
i n t e r p r e t e d  a s  a  metamorphosed larni n a t e d  e x h a l i  t e ,  p o s s i b l y  a former  
sedimentary exha la t i ve  Zn-Pb depos i t  (J.A. Br iskey, w r i t t e n  commun., 1985). 



LODE DEPOSITS - WEST-CENTRAL ALASKA 

West-central Alaska conta ins a v a r i e t y  o f  lode deposi ts.  The southwestern 
Kuskokwim Mountains con ta in  an Sb-Hg ve in  deposi t ,  a  zoned maf ic -u l t ramaf ic  
Fe-Ti deposi t ,  and a hot -spr ing Hg deposi t .  The c e n t r a l  Kuskokwirn Mountains 
c o n t a i n  a  complex and e x t e n s i v e  s u i t e  o f  Au q u a r t z  ve in ,  Sb-Au ve in ,  
p o l y m e t a l l i c  vein, epi thermal vein, h o t  sp r i ng  Hg, Cu and Fe skarn, and f e l s i c  
p l u t o n i c  U deposi ts,  and a carbonate-hosted s u l f i d e  deposi t .  The nor theastern 
Kuskokwim Mounta i  ns c o n t a i n s  s e v e r a l  pod i  f o rm  c h r o m i t e  depos i  t s  i n t h i n  
d iscont inuous t h r u s t  sheets o f  u l t rarnaf ic  and r e l a t e d  rocks. The west-central  
Yukon-Koyukuk bas in  conta ins a s u i t e  o f  polymetal  l i c  ve in  and porphyry Mo and 
Cu deposi ts.  The nor thern  and eastern Yukon-Koyukuk bas in  conta ins s u i t e s  of 
f e l s i c  p l u t o n i c  U, p o l y m e t a l l i c  and epi thermal vein, and W skarn deposi ts  and 
a s u i t e  of  podiforrn chromite and se rpen t i n i  te-hosted asbestos deposi ts  i n  t h i n  
d iscont inuous t h r u s t  sheets o f  u l t r a m a f i c  and r e l a t e d  rocks. Vein, 
Zoned Maf ic-Ultramafic,  and Hot Spr ing Deposits, 

Southwestern Kuskokwim Mountains 

A Sb-Hg ve in  depos i t  a t  Kagat i  Lake, a zoned rnaf ic-ul t rarnaf ic depos i t  a t  
Kemuk Mountain, and a ho t  sp r ing  Hg depos i t  a t  Cinnabar Creek occur i n  the  
Kuskokwim Mountains (Table 1, P l a t e  1). The Katagi  Lake Sb-Hg depos i t  cons i s t s  
o f  s t i b n i t e ,  cinnabar, and quar tz  v e l n l e t s  along j o i n t  surfaces i n  a Late 
Cretaceous rnonzoni te  and g r a n o d i o r i  t e  s t o c k  i n t r u d i n g  Lower C re taceous  
v o l c a n i c l a s t i c  rocks and andesi te  o f  the l a t e  Paleozoic and Mesozoic Gernuk 
Group ( S a i n s b u r y  and MacKevet t ,  1965). The Kemuk M o u n t a i n  Fs-T i  d e p o s i t  
c o n s i s t s  o f  a  b u r i e d  t i t a n i f e r o u s  m a g n e t i t e  d e p o s i t  i n  a  c rude ly -zoned 
pyroxen i te  (Humble O i l  and Ref in ing Company, w r i t t e n  commun., 1958), and i s  
est imated t o  con ta in  2.2 b i l l i o n  tonnes grad ing 15 t o  17% Fe and 2 t o  3% Ti02. 
The C innabar  Creek Hg d e p o s i t  c o n s i s t s  o f  s t i b n i t e  and c i n n a b a r  i n  shear  
zones, disseminat ions, and v e i n l e t s  i n  o r  near s i l  ica-carbonate d ikes i n  
a r g i l l i t e  and o the r  c l a s t i c  rocks o f  t h e  Gemuk Group (Sainsbury and MacKevett, 
1965), p a r t  o f  the  Togiak t e r rane  (P la te  1 ). 

Vein, Hot Spring, Skarn, and U Deposits, 
Centra l  Kuskokwim Mountains Region 

A wide v a r i e t y  of magmatism-related lode deposi ts  occur i n  the  c e n t r a l  
Kuskokwim Mounta ins  r e g i o n  (Tab le  1, P l a t e  1 ) .  The m a j o r  d e p o s i t s  a r e  an 
epi thermal ve in  depos i t  a t  Tay lo r  Mountains; h o t  sp r ing  Hg deposi ts  a t  Red 
Dev i l  (descr ibed below), DeCoursey Mountain, and White Mountain (descr ibed 
below); a  Sb-Au ve in  depos i t  a t  Snow Gulch; p o l y m e t a l l i c  ve in  depos i ts  a t  
F o r t y s e v e n  Creek, M i  ss i o n  Creek, Owhat, Ch icken  Mounta i  n, Go1 den Horn, 
Ma1 emut, Grani te,  Broken Shovel, Cirque, To1 s to i ,  Independence, Candle, and 
Win-Won; a Cu-Au-Ag-Bi skarn depos i t  a t  Nixon Fork (descr ibed below); an Fe 
skarn depos i t  a t  Medfra; and a f e l s i c  p l u t o n i c  U depos i t  a t  Sischu Creek. Most 
of the  p o l y m e t a l l i c  ve in  and r e l a t e d  deposi ts  occur i n  t he  F l a t  and Innoko 
d i s t r i c t s  (descr ibed below). 

The magmatism-related deposi ts  are associated main ly  w i t h  Late Cretaceous 
and e a r l y  T e r t i a r y  gran i te ,  g ranod io r i  te, monzoni te ,  and 1 esser gabbro t h a t  
i n t r u d e  an extens ive s u i t e  of Cretaceous graywacke, a r g i l l i t e ,  b a s a l t i c  t o  
r h y o l i t e  vo lcan ic  f lows, t u f f s ,  and b recc ias  o f  t he  Kuskokwim Group (Cady and 
others, 1955). Two unique deposi ts  i n  t he  area are the  Reef Ridge carbonate- 
hosted s u l f i d e  deposi t .  and the  Sischu Creek f e l s i c  p l u t o n i c  U depos i t  (Table 
1, P l a t e  1). The Reef Ridge depos i t  cons i s t s  main ly  o f  s t r i n g e r s  o f  s p h a l e r i t e  



and minor galena i n  hydrothermal b recc ia  i n  S i l u r i a n  and Devonian carbonate 
rocks. The minimum s t r i k e  l eng th  o f  t he  s u l f i d e s  i s  2,000 m and t he  w id th  i s  
as  much as  15  m. The f e l s i c  p l u t o n i c  U d e p o s i t  c o n s i s t s  o f  s t r o n g l y  
r a d i o a c t i v e  U- and Th-r ich p o r p h y r i t i c  san id ine  r h y o l i t e  and quar tz  porphyry 
f l ows  i n  b e l t s  as much as severa l  km wide and long t h a t  are assoc ia ted w i t h  
Late Cretaceous vo l can i c  p i l e s  and g r a n i t i c  s tocks and plugs. 

Red Dev i l  Hq Deposi t  -- 
The Red D e v i l  depos i t  cons i s t s  o f  c innabar and s t i b n i t e  i n  about twenty  

p lung ing  chimney1 i ke bodies loca ted  along i n t e r s e c t i o n s  of two a1 t e r e d  b a s a l t  
d i kes  i n  a  wrench f a u l t  zone (Herreid,  1962; MacKevett and Berg, 1963. H. R. 
Beckwi t h ,  w r i t t e n  commun., 1965)  ( T a b l e  1, P l a t e  1 ). The o r e  b o d i e s  a r e  
v e r t i c a l l y  zoned, w i t h  nea r l y  pure c innabar a t  t h e  surface, and inc reas ing  
p ropor t ions  of s t i b n i t e  a t  depth. A t  200 m below t he  sur face  main ly  s t i b n i t e  
and quar tz  occur w i t h  a t r a c e  o f  cinnabar. The Red D e v i l  mine has been t he  
l a r g e s t  p r o d u c e r  o f  me rcu ry  i n  A laska,  i t s  p r o d u c t i o n  o f  34,745 f l a s k s  
account ing f o r  about 80 percent  o f  the  s t a t e ' s  p roduc t ion  from 1942 through 
1974 (Bundtzen and others, 1985). I t  i s  t he  l a r g e s t  and bes t  exposed depos i t  
of a t  l e a s t  15 known i n  t he  Kuskokwim mercury b e l t  extending 400 km nor theas t  
from D i l l i ngham t o  t h e  Upper Innoko River.  The Red D e v i l  depos i t  and o thers  i n  
t he  b e l t  a re  hosted i n  t he  f l y s c h  o f  t h e  Kuskokwim Group, a  t u r b i d i t i c  t o  
f 1  u v i a l  c l  a s t i  c sedimentary sequence i n t e r p r e t e d  by Bundtzen and G i  1  b e r t  
(1983) t o  have been depos i ted i n  an e longate s t r u c t u r a l  t rough i n  t he  mid- and 
Late Cretaceous. 

The Red Dev i l  and nearby depos i ts  a t  Barometer, Parks, and Rhyo l i t e  a re  

i n t e r p r e t e d  t o  have been depos i ted by ascendi ng hydrothermal f 1 uids,  c a r r y i n g  
Hg- and Sb-bear i  ng s o l u t i o n s  i n t o  e p i  t h e r m a l  c o n d i t i o n s  ( S a i n s b u r y  and 
MacKevett, 1965). The s u l f i d e s  were probably  depos i ted when t h e  f l u i d s  reached 
near-surface groundwater i n  hot -spr ing condui ts.  The Red Dev i l  depos i t  i s  
s i m i l a r  t o  o t h e r  f l y s c h - h o s t e d  d e p o s i t s ,  i n  Cat i f o r n i a ,  Spain, and t h e  
U. S.S. R., where mercury i n  eugeosyncl i n a l  sedimentary rocks i s  mobi l i z e d  i n t o  
h igh- leve l ,  s t r u c t u r a l l y  c o n t r o l l e d  depos i t s  by igneous a c t i v i t y .  The abundant 
60 t o  70 Ma plutons, d i k e  swarms, and vo lcan ic  rocks p reva len t  i n  t he  area 
(Bundtzen and G i l b e r t ,  1983) might  be t h e  heat sources t o  m o b i l i z e  mercury. 

F l a t  and Innoko D i s t r i c t s  --- 
By Thomas K. Bundtzen 

The F l a t  d i s t r i c t  conta ins an ex tens ive  s u i t e  o f  p o l y m e t a l l i c  and l esse r  
Sb-Au ve in  depos i t s  a t  Chicken Mountain, Golden Horn, Broken Shovel, Grani te,  
and Malemute, and t he  Innoko d i s t r i c t  conta ins an equa l l y  ex tens ive  s u i t e  o f  
p o l y m e t a l l i c  v e i n  d e p o s i t s ,  l o c a l l y  r i c h  i n  Sn, a t  C i rque ,  T o l s t o i .  
Independence, and Win-Won, (Table 1, P l a te  1 )  (Bundtzen and La i rd ,  1982, 
1983a. b, c; Bundtzen and G i l b e r t ,  1983; Bundtzen and others,  1985). 

The Ch i cken  Mounta in  Au d e p o s i t  ( T a b l e  1 )  c o n s i s t s  o f  v e i n l e t s  w i t h  
arsenopyr i te ,  schee l i te ,  cinnabar, gold, and s t i b n i t e .  The v e i n l e t s  a re  hosted 
i n  an i n t e n s e l y  hyd ro the rma l  l y  a l t e r e d  zone i n  t h e  s o u t h e r n  p a r t  o f  t h e  
Chicken p l u t o n  (monzoni te-gabbro) of Chicken Mountain. Pervasive s e r i c i  t i c  
a l t e r a t i o n  occurs i n  a  nor theast - t rend ing area o f  about 250 by 600 m. 

The Golden Horn Au-Ag-Sb depos i t  (Table 1 )  cons i s t s  o f  ve ins of s t i b n i t e ,  
cinnabar, scheel i t e ,  spha le r i te ,  Pb-Sb s u l f o s a l  ts,  and cha l copy r i t e  i n  a 
gangue o f  quartz,  tourmal ine,  and c a l c i t e  i n  a  shear zone 30 n wide and 3 km 



long on t h e  eastern s i de  o f  t he  O t t e r  Creek l u t o n  (monzonite). S t i b n i t e  and 
cinnabar l o c a l l y  crosscut  o the r  su l f i des .  !he veins occur i n  i r r e g u l a r l y  
d i s t r i b u t e d  q u a r t z - f i l l e d  shear zones a t  o r  near t he  con tac t  o f  the  p l u ton  
w i t h  Cretaceous c l a s t i c  rocks. Sb-Hg ve ins crosscut  o l de r  s u l f i d e s  but  a re  n o t  
d i r e c t l y  associated w i t h  Au-As-W zones. The depos i t  has produced 479 tonnes 
grad ing 174 g/t Au and 171 g/t Ag. 

The Broken  Shovel  Ag-Pb-Sb d e p o s i t  ( T a b l e  1 )  c o n s i s t s  o f  t o u r m a l i n e ,  
q u a r t z ,  a r s e n o p y r i t e ,  and s u l f o s a l  t s  i n  v e i n s  i n  t h e  c e n t r a l  p a r t  o f  t h e  
Cretaceous Moose Creek p l u t o n  (monzonite). The ve ins vary  from 1 t o  3 m wide, 
and occur i n  a se r i c i t e - t ou rma l i ne  a l t e r a t i o n  zone about 300 by 400 m. The 
depos i t  conta ins an est imated 13,600 tonnes grad ing 178 g / t  Ag, 0.15% Pb, and 
0.15% Sb. 

The C i r q u e  and T o l s t o i  Cu-Ag-Sn d e p o s i t s  ( T a b l e  1 )  c o n s i s t  o f  
cha lcopyr i te ,  t e t r ahed r i t e ,  p y r i t e ,  arsenopyr i te ,  and s c h e e l i t e  i n  a gangue o f  
t o u r m a l i n e ,  a x i n i t e ,  and q u a r t z  l o c a l i z e d  a l o n g  f a u l t s  o r  i n  t ou rma l  i n e  
p h y l l i c  a l t e r a t i o n  i n  a l t e r e d  monzonite and capped by a l t e r e d  o l i v i n e  basal t .  
The two deposi ts,  which exhi  b i t  c h a r a c t e r i s t i c s  o f  both polymetal  l i c  ve in  and 
porphyry Cu deposi ts,  a re  associated w i t h  toned, mu1 ti phase p l  utons ranging i n  
composit ion from 01 v i ne  gabbro t o  monzoni te.  The p l  utons and associated 
v o l c a n i c  f i e l d s  have a1 k a l i c  a f f i n i t i e s  and show s t r o n g  d i f f e r e n t i a t i o n  
trends. The more promising deposi ts  a re  i n  h igh  cupolas o r  s t r u c t u r a l  condui ts  
o f  the  most d i f f e r e n t i a t e d ,  f e l s i c  phases of t he  plutons. 

The Independence Au depos i t  (Table 1 ) cons is ts  o f  quar tz  f i s s u r e  f i  1 l i n g s  
w i t h  gold, p y r i t e ,  and a rsenopyr i te  i n  an a l t e r e d  d a c i t e  t o  r h y o l i t e  d ike.  The 
d i k e  i s  p a r t  o f  t h e  60-km-long Yankee di.ke swarm. The d e p o s i t  has been 
explored through severa l  hundred m o f  underground workings and has produced 
1,773 g of Au from 113 tonnes o f  ore. The Candle depos i t  cons is ts  o f  cinnabar, 
a r s e n o p y r i t e ,  and q u a r t z  i n  s tockworks  i n  a L a t e  Cretaceous s e r i c i t i z e d  
monzoni te near the  i n t r u s i v e  con tac t  w.ith o v e r l y i n g  a1 t e r e d  01 i v i n e  basa l t .  
The Win-Won Sn-Ag depos i t  (Table 1 ) cons is ts  o f  cha l copy r i t e  i n  numerous 
enechelon quar tz  ve in le ts ,  from 10 t o  20 cm wide, i n  a well-developed quar tz  
stockwork i n  hornfe l  s on t he  nor theas t  margin o f  t he  Cloudy Mountains vo lcan ic  
f i e l d  and r e l a t e d  p l u t o n i c  complex, 

White Mountain & Deposi t  - 
By Br ian  K. Jones 

The White Mountain deposit  cons is ts  o f  c innabar i n  th ree  zones between 
Ordov ic ian l imestone and shale of t he  Nixon Fork sequence (Sainsbury and 
MacKevett, 1965). The zones occur i n  a be1 t about 1 km wide and 3 km long on 
the  northwest s i de  o f  the Farewel l  f a u l t .  I n  t he  southern zone, c innabar forms 
t h i n  c r y s t a l  l i n e  c o a t i n g s  i n  b r e c c i a t e d  d o l o m i t e ,  c o a t i n g s  on b r e c c i a  
surfaces, and i r r e g u l a r  ve in l e t s .  I n  the  c e n t r a l  zone, i r r e g u l a r  lenses of 
c innabar occur i n  s i l i c i f i e d  l imestone and dolomite.  I n  the  nor thern  zone, 
r i c h  cinnabar lenses occur on both s ides o f  a major f a u l t  between shale and 
limestone. The l a r g e s t  massive cinnabar lens i s  350 m long and 10 t o  15 cm 
th i ck .  Local c innabar a l so  occurs i n  do lomi t i zed  l imestone w i t h  small, ka rs t -  
l i k e  s o l u t i o n  caverns. The gangue minera ls  i n  the  cinnabar lenses are main ly  
dolomite, chalcedony, c a l c i t e ,  d i c k i t e ,  and 1 imonite.  The depos i t  was mined 
main ly  from 1964 t o  1974 and produced about 3,500 f lasks .  Chip samples o f  t he  
cinnabar zones con ta in  from 5 t o  30% cinnabar. The o v e r a l l  fea tu res  of t h i s  
deposi t  and t he  nearby Mary Margaret and Peggy Barbara deposi ts,  i nc l ud ing  a 
su l  fur-mercury spring, i n d i c a t e  low-temperature depos i t i on  of mercury i n  a 



hot-spr ing environment along s t r u c t u r a l  condu i t s  assoc ia ted w i t h  the Farewel l  
f a u l t .  

Nixon Fork-Medfra D i s t r i c t  

The Nixon Fork-Medfra d i s t r i c t  con ta ins  severa l  Cu-Au skarn depos i t s  from 
Nixon Fork t o  Medfra and a  d o l o m i t i c  Fe-skarn depos i t  a t  Medfra (Table 1, 
PI  a t e  1  ). The Cu-Au skarns c o n s i s t  o f  gold, cha lcopyr i te ,  p y r i t e ,  bo rn i  te,  and 
B i  i n  s k a r n  b o d i e s  t h a t  f o rm  i r r e g u l a r  r ep lacemen ts  i n  r e c r y s t a l l i z e d  
O r d o v i c i a n  l i m e s t o n e  o f  t h e  T e l  s i  t n a  F o r m a t i o n  n e a r  a  L a t e  Cre taceous  
monzonite (Mar t in ,  1921; Brown, 1926; Jasper, 1961; Herreid,  1966: Pat ton and 
others,  1984) and i n  r o o f  pendants o v e r l y i n g  the  p lu ton.  Gangue minera ls  a re  
diopside, andradi  t e  garnet, p l  ag i oc l  ase, a c t i  no1 i te, ep i  dote, and apa t i t e .  The 
skarns occur ma in ly  i n  f rac tu res  from 1  t o  4 m w-ide, 50 m long, and u s u a l l y  
w i t h i n  40 m of t he  p lu ton.  A few skarns occur i n  r o o f  pendants o v e r l y i n g  t he  
p lu ton,  and severa l  skarn bodies occur i n  f a u l t - c o n t r o l l e d  v e i n l e t s  away from 
the  main t r e n d  of skarns. Local groundwater a l t e r a t o n  produced ex tens ive  
ox i d i zed  skarn con ta i n i ng  1 imoni te, quartz,  malachi te, p y r i t e ,  and gold, and 
p h y l l i c  o r  a r g i l  l i c  c l a y  minera l  a l t e r a t i o n ,  which a lso  occurs i n  t he  p lu ton,  
i s  t y p i c a l  o f  many Cu skarn depos i t s  (Cox and Singer, 1986). 

Skarns i n  t he  area have produced about 1.24 t o  1.87 m i  11 i o n  g o f  Au and 
undisc losed amounts of Cu, Ag, and B i .  I n d i v i d u a l  skarn bodies i n  t he  area 
con ta in  up t o  113 g / t  Au and 1.5 t o  2% Cu. Most ore was mined from areas o f  
secondary enrichment. Lower grade s u l f i d e - r i c h  o re  occurs a t  depths g rea te r  
than 60 m. 

The Medfra Fe s k a r n  d e p o s i t  c o n s i s t s  o f  m a g n e t i t e  and v e r y  m i n o r  
c h a l c o p y r i t e  and spha e r i t e  i n  ep ido te  and garnet  skarn. The depos i t  con ta ins  j an est imated 11,600 m grad ing 85% Fe203 w i t h  t r aces  o f  Cu and Au (Pat ton and 
others,  1984). 

Chromi t e  Deposits, Tozi  t na  and Innoko Areas 

S e v e r a l  p o d i f o r m  chromi  t e  d e p o s i t s  o c c u r  i n  a s e r i e s  o f  i n t e n s e l y  
deformed u l t r a m a f i c  and assoc ia ted rocks t h a t  form small, d iscont inuous t h r u s t  
s l i c e s  i n  t h e  Toz i tna  and Innoko areas. The l a r g e r  depos i t s  a re  a t  Mount Hurs t  
and Kaiyuh H i l l s  (Table 1, P l a t e  1). The t h r u s t  s l i c e s  a re  t oo  smal l  t o  show 
on P l a t e  1. The Mount Hurs t  depos i t  (Table 1 )  cons i s t s  o f  banded chrome sp ine l  
i n  dun i t e  l aye rs  i n  w e h r l i t e  (Chapman and others,  1982; Roberts, 1984). The 
l a r g e s t  c h r o m i t e  band s t r i k e s  n o r t h - s o u t h ,  and v a r i e s  f r o m  10 t o  800 cm 
th ickness  over a  s t r i k e  l eng th  o f  10 rn. Grab samples con ta in  f rom 22 t o  62.2% 
C r z O - j .  The Ka iyuh  H i 1  1s d e p o s i t  c o n s i s t s  o f  bands and d i s s e m i n a t i o n s  of 
chromi te  from 1  cm t o  1  m t h i c k  i n  f r e s h  o r  se rpen t in i zed  dun i t e  (Loney and 
Himmelberg, 1984: Foley and others,  1985) and conta ins an est imated 15,400 t o  
33,500 tonnes  Cr203. The u l t r a m a f i c  r o c k s  a t  t h e  two d e p o s i t s  c o n s i s t  o f  
duni  te, wehr l  i te, harzburg i  te, 1  herzo l  i te, and c l  inopyroxeni  te.  Associated 
w i t h  the  u l t r a m a f i c  rocks a re  chert ,  basa l t ,  and carbonate. The u l t r a m a f i c  
rocks and assoc ia te  rocks a re  i n t e r p r e t e d  as p a r t  o f  a  complexly deformed and 
dismembered o p h i o l i t e  o f  Ju rass ic (? )  age (Loney and Himmelberg, 1984). 



Vein and Porphyry Deposits, West-Central Yukon-Koyukuk Basin 

The major depos i t s  i n  t h e  west -cent ra l  Yukon-Koyukuk bas in  a re  a porphyry 
Mo depos i t  a t  McLeod, a  combined polymetal  l i c  v e i n  and porphyry  Cu depos i t  a t  
I 1  1  i no i  s  Creek, and polymetal  1  i c  ve i n  depos i t s  a t  Perseverance (descr ibed 
below), Beaver Creek, and Qua r t z  Creek (Table 1, P l a t e  1). The porphyry Mo 
d e p o s i t  a t  McLeod c o n s i s t s  o f  p l a t y  agg rega tes  o f  mol ybden i  t e  i n  q u a r t z  
v e i n l e t s  i n  t he  a l t e r e d  core of a  Late Cretaceous o r  e a r l y  T e r t i a r y  g r a n i t e  
porphyry s tock  t h a t  i n t r udes  mid-Cretaceous graywackes (Harold Noyes, w r i t t e n  
commun., 1984). A t  I 1  1  i no i s  Creek, t he  combined polymetal  1  i c ve in  and porphyry  
Cu depos i t  cons i s t s  o f  ga lena-sphaler i te  ve ins  along a con tac t  of a l t e r e d  
Cre taceous  g r a n i t e  p o r p h y r y  a g a i n s t  s c h i s t ,  and p r o p y l i  t i c a l l y  a1 t e r e d  
Cretaceous g r a n i t i c  p lu tons  con ta i n i ng  cha lcopyr i te ,  galena, and prec ious 
meta ls  (Thomas K. Bundtzen, w r i t t e n  commun., 1984; W i  11 iam W. Patton. w r i t t e n  
commun., 1985). The g r a n i t i c  r o c k s  i n t r u d e  e a r l y  P a l e o z o i c  o r  o l d e r  
greenschist ,  qua r t z i t e ,  and orthogneiss,  p a r t  of t he  Ruby t e r r a n e  (P la te  1). 
The Quar tz  Creek depos i t  cons i s t s  of d isseminated s u l f i d e s  i n  a  zone as much 
as 8 km w i d e  and more t han  29 km l o n g  i n  a l t e r e d  a n d e s i t e  and g r a n i t e  o f  
Ju rass ic  o r  Cretaceous age. 

Perseverance --- and Beaver Creek Pb-As-Zn Deposi ts 
By B r i an  K. Jones 

The Perseverance Pb-Ag-Sb depos i t  (Table 1 )  cons i s t s  of ve ins o f  coarse- 
r a i n e d  ga,lena, t e t r a h e d r i t e ,  and t r a c e s  o f  j ameson i t e ,  i n  a gangue of 

l o l o m i  t e  and m i  nor quartz,  t h a t  c rosscu t  bedding and sch i  s t o s i  t y  o f  enc los ing  
e a r l y  Paleozoic o r  o l d e r  ch l o r i t e -m i ca  s c h i s t s  o f  t h e  Ruby t e r rane  (P la te  1). 
O x i d i z e d  zones i n  t h e  v e i n s  c o n t a i n  c e r u s s i t e ,  a z u r i t e ,  ma1 a c h i  t e ,  and 
s t i b c o n i t e ( ? ) .  The depos i t  has produced about 231 tonnes grad ing 73% Pb and 
124 g/t Ag. 

The Beaver Creek Ag-Pb-Zn depos i t  (Table 1  ) cons i s t s  o f  a  zone o f  h i g h l y  
ox i d i zed  1 imonite,  goe th i te ,  a rgen t i fe rous  galena, quartz,  and spha le r i t e .  The 
zone e x h i b i t s  l o c a l  s u r f a c e  o c c u r r e n c e s  of mass i ve  g a l e n a  and l i m o n i t e -  
c e r u s s i t e  gossan. The zone i s  about 300 m long and v a r i e s  from 2.5 t o  5 m 
t h i c k ;  i t  i s  p a r a l l e l  t o  o r  crosscuts  l a y e r i n g  i n  enc los ing  s c h i s t s  of t he  
Ruby ter rane.  The Beaver Creek depos i t  con ta ins  an est imated 13,600 tonnes 
grad ing 103 g / t  Ag, 0.8X Zn, and 0.5% Cu, and an a d d i t i o n a l  19,100 tonnes tons  
grad ing 26.1 g/t Ag, 4.2% Pb, 0.162 Zn, and 0.2% Cu. 

U Deposits, Nor thern Yukon-Koyukuk Basin 

A s u i t e  o f  f e l s i c  p l u t o n i c  U depos i t s  occurs i n  P u r c e l l  d i s t r i c t  of t he  
nor thwestern Yukon R iver  Region a t  Wheeler Creek, Clear  Creak, and Zanes H i1  1s 
(Table 1, P l a t e  1 )  ( M i l l e r  and E l l i o t t ,  1969; M i l l e r ,  1976; Jones, 1977). 
These depos i t s  a re  p a r t  o f  a be1 t o f  U and Th depos i t s  assoc ia ted w i t h  a  mid- 
and Late Cretaceous a l k a l i n e  i n t r u s i v e  b e l t  ex tending about 300 km f rom Hughes 
on t h e  Koyukuk R i v e r  t o  t h e  Darby Moun ta i ns  on t h e  Seward P e n i n s u l a .  The 
p l u t o n i c  rocks va r y  f rom calc-a1 k a l  i n e  t o  K- r i  ch a1 k a l  i c  g r a n i t i c  rocks t h a t  
i n t r u d e  a sequence o f  andes i  t i c  f l ows ,  t u f f s ,  b r e c c i a ,  agg lomera te .  
conglomerate, tu f faceous  graywacke, and mudstone w i t h  l o c a l  i n t e r c a l a t i o n s  of 
E a r l y  Cretaceous l imestone. p a r t  o f  t h e  Koyukuk t e r rane  ( P l a t e  1). 

The Wheeler Creek d e p o s i t  c o n s i s t s  of u r a n o t h o r i t e  and gummite i n  
a l tered,  small,  smoky, qua r t z - r i ch  ve i n l e t s ,  and i n  a l t e r e d  areas i n  a Late 
C re taceous  a l a s k i t e .  The d e p o s i t  i s  abou t  500 m l o n g  and 50 rn wide. Grab 



samples conta.in as much as 0.0125% U. The Clear  Creek depos i t  cons i s t s  o f  
u r a n i f e r o u s  n e p h e l i  ne s y e n i  t e  and b o s t o n i  t e  d i k e s  i n  E a r l y  Cre taceous  
andesi te.  The d ikes  occur w i t h i n  t he  con tac t  aureo le  o f  t he  Late Cretaceous 
monzonite t o  g r a n o d i o r i t e  o f  t h e  Zane H i l l s  and con ta in  as much as 0.04% U, 
and 0.055% Th. The Zane Hi  11s depos i t  cons i s t s  of u rano thor i  te,  b e t a f i  te,  
u ran in i t e ,  t h o r i t e ,  and a l l a n i t e  i n  v e i n l e t s  i n  a  f o l i a t e d  monzonite border 
phase, l o c a l l y  g r a d i n g  t o  s y e n i t e ,  o f  t h e  L a t e  C re taceous  monzon i t e  t o  

r a n o d i o r i t e  p l u t o n  o f  Zane H i l l s .  Se lected samples con ta in  as much as 0.027% 
Ph. 

Asbestos and Chromite deposi ts,  Nor thern and Eastern Flanks of 
Yukon-Koyukuk Basin 
By Je f f e r y  Y. Foley 

Several serpent in i te-hosted asbestos depos i t s  and a podi form chromi te  
depos i t  occur along t h e  eastern f l a n k s  o f  the  Yukon-Koyukuk bas in  a t  Asbestos 
Mountain, Caribou Mountain, Lower Kanut i  River,  and Holonada (Table 1, P l a t e  
1 ). The Asbestos Mountain depos i t  cons i s t s  o f  s e r p e n t i n i t e  w i t h  ve ins o f  
cross- and s l  i p - f  i ber  t remol  i t e  and c h r y s o t i  l e  i n  a k l  ippe o f  u l  t r ama f i c  
rocks. The l a r g e r  podiform chromi te  depos i t s  a t  Caribou Mountain and Holonada 
c o n s i s t  o f  bands o f  massive chromi te  and chromohercynite i n  layers  as much as 
3 m t h i c k  and 130 m long. The Caribou Mountain depos i t  conta ins an est imated 
2,270 tonnes,  and t h e  Holonada d e p o s i t  c o n t a i n s  as much as 24,900 tonnes 
(Fo ley and McDermott, 1983; Foley and others, 1984). One l aye r  a t  Caribou 
Mountain i s ,  a t  l e a s t  25 m l ong  and con ta ins  7 .5% C r  03. ,The average grade a t  
Holonada i s  20 CrpOj.  The asbestos and chromi te  c fepos~ ts  a re  i n  complexly 
f a u l t e d  d u n i t e  l aye rs  assoc ia ted w i t h  harzburg i te ,  abundant p i l l o w  basal t ,  
l o c a l  ly i n t e n s e l y  serpeni  ti n i  zed gabbro, cher t ,  and minor 1  imestone of Permian 
through Jurass ic  age, a1 1 i n t e r p r e t e d  as a  dismembered oph io l  i t e  (Zimmerman 
and Soustek, 1979: Nelson and Nelson, 1982; Loney and Himmelberg, 1985a, b), 
p a r t  o f  t he  Amgayuchum t e r r a n e  (P la te  1). 

Vein and Skarn Deposits, Eastern Yukon-Koyukuk Basin 

A major p o l y m e t a l l i c  o r  epitherrnal ve i n  depos i t  occurs a t  Upper Kanut i  
River,  and a W skarn depos i t  occurs a t  Bonanza Creek (Table 1, P l a t e  1). The 
Upper Kanut i  R ive r  Pb-Ag depos i t  cons i s t s  o f  d isseminated p y r i t e ,  galena, and 
s p h a l e r i t e  i n  an ex tens ive  gossan zone i n  a s i l i c i f i e d  r h y o l i t e  u n i t  t h a t  may 
be a d i k e  i n t r u d i n g  a Cretaceous p l u ton  (Pat ton and M i l l e r ,  1970). The Bonanza 
Creek W-Ag depos i t  cons i s t s  of schee l i te ,  cha lcopyr i te ,  and p y r r h o t i t e  i n  
s k a r n  a d j a c e n t  t o  a L a t e  Cre taceous  g r a n i t e  p l u t o n  i n t r u d i n g  t h e  e a r l y  
Paleozoic o r  o l d e r  p e l i t i c  sch is t ,  qua r t z i t e ,  and marble (Claut ice,  1980) of 
the  Ruby t e r rane  (P la te  1  ). 

LODE DEPOSITS - EAST-CENTRAL ALASKA 

East -cent ra l  Alaska con ta ins  a  v a r i e t y  o f  lode deposi ts.  The Manley and 
Livengood area con ta ins  p o l y m e t a l l i c  vein, Sb-Au vein, Mn-Ag vein, Hg vein, 
f e l s i c  p l u t o n i c  U, Sn greisen, and Sn ve in  deposi ts.  The nor thern  and c e n t r a l  
p a r t s  of the  Yukon-Tanana Upland conta ins s u i t e s  o f  Sb-Au vein,  Au-quartz 
vein, p o l y m e t a l l i c  vein, W skarn, and porphyry Cu-Mo deposi ts,  a Au-As ve in  
deposi t ,  and a Sn g re isen  depos i t .  The Manley and Livengood area a l so  conta ins 
a  se rpen t in i te -hos ted  asbestos depos i t  and a minor P t  depos i t  i n  t h r u s t  sheets 
of u l t r a m a f i c  and assoc ia ted rocks. The nor thern  Alaska Range conta ins an 
ex tens ive  d i s t r i c t  o f  po l y rne ta l l i c  and Sb-Au ve in  and Kuroko massive s u l f i d e  
deposi ts.  



Vein and U Deposits, Manley and Livengood Region, 
Northwest Yukon-Tanana Upland 

The m a j o r  l o d e  d e p o s i t s  i n  t h e  Man ley  a r e a  a r e  a  p o l y m e t a l l i c  v e i n  
depos i t  a t  Hot Springs Dome, a  Mn-Ag ve in  a t  Avnet, and a Sb-Au ve in  depos i t  
a t  Sawtooth Mountain (Table 1, P l a t e  1). The Hot Spr ings Dome Au-Ag-Pb depos i t  
cons is ts  o f  veins i n  shear zones w i t h  galena, l imon i te ,  s i d e r i t e ,  copper, 
cha lcopyr i te ,  and Fe s u l f i d e s  i n  Jurass ic  and Cretaceous f l y s c h  i n t r uded  by 
e a r l y  T e r t i a r y  g ran i t e .  The Avnet Mn-Ag depos i t  cons is ts  o f  i r r e g u l a r  masses 
o f  psi lomelane i n  t h i n  ve in  quar tz  c u t t i n g  lower and middle Paleozoic cher t ,  

qua r t z i t e ,  1  imestone, dolomite, and greenstone. The Sawtooth Mountain Sb-Au 
d e p o s i t  c o n s i s t s  o f  mass ive  s t i b n i t e  i n  a v e r t i c a l  c y l i n d e r  abou t  3 m i n  
diameter i n  f l y s c h  near a Cretaceous g ran i te .  The T r i a s s i c  rocks, along w i t h  
Upper J u r a s s i c  and Cretaceous q u a r t z i t e ,  graywacke, and a r g - i l  li t e ,  and 
vo l can i c  conglomerate, a1 1 complexly deformed, form p a r t  o f  the  Manley t e r rane  
(P la te  1). The Paleozoic rocks a t  t he  Avnet depos i t  are p a r t  o f  the  Ba ld ry  
te r rane  (P la te  1). 

Major lode deposi ts  i n  the Livengood area i nc l ude  Sb-Au and Au quar tz  
v e i n  d e p o s i t s  a t  G e r t r u d e  Creek, G r i f f e n ,  and Ruth Creek, and t h e  Hudson 
Cinnabar Hg ve in  depos i t  (Table 1, P l a t e  1).  The Gertrude Creek, Gr i f fen ,  and 
Ruth Creek Au deposi ts  cons i s t  o f  quar tz  s t r i n g e r s  as much as 8 cm wide w i t h  
p y r i t e ,  s t i  bn i te ,  and base metal s u l f i d e s  i n  a1 t e r e d  Cretaceous monzoni t e  and 
s i l i ca -carbonate  rock. The Hudson Cinnnabar depos i t  consists; of c innabar i n  
d i s s e m i n a t i ~ n s  and quar tz  ve ins i n  a l t e r e d  e a r l y  T e r t i a r y  g r a n i t e  d ikes  and 
plutons, The w a l l  rocks i n  t he  Livengood area cons i s t  o f  a h i g h l y  fo lded  and 
weakly metamorphosed sequence of the  Ordov ic ian L i  vengood Dome Chert  and 
o v e r l y i n g  S i l u r i a n  and Devonian dolomite,  chert ,  vo lcan ic  rocks, se rpen t in i te ,  
shale, sandstone, and minor l imestone and form p a r t  o f  the  Livengood t e r rane  
(P la te  1). 

To t he  northeast,  a  f e l s i c  p l u t o n i c  U depos i t  occurs a t  Roy Creek, and a 
Sn g re isen  and Sn ve in  depos i t  occurs a t  Lime Peak (Table 1, P l a t e  1). The 
p l u t o n i c  rocks hos t ing  the depos i ts  i n  both areas i n t r u d e  a  sequence o f  weakly 
deformed, qua r t z - r i  ch sandstone, g r i t ,  shale, and s la te ,  l o c a l  1  y  w i t h  probable 
Ea r l y  Cambrian f o s s i l s ,  i n f o r m a l l y  named the  Wickersham g r i t  un i t ,  forming 
p a r t  o f  the  Wickersham te r rane  (P la te  1). 

Ro Creek U-Th De o s i t  _Y-- Be- By P. J e f f r e y  u r t o n  

The Roy Creek ( former ly  Mount P r i n d l e )  depos i t  conta ins a va r i ed  s u i t e  of 
U, Th, and REE m i n e r a l s ,  phosphates, ca rbonates ,  and ox ides ,  i n c l u d i n g  
a1 1an i  t e ,  b a s t n a e s i t e ,  b r i  t h o 1  i t e ,  monaz i te ,  neodymian phosphate (? ) ,  
t h o r i a n i t e ,  t h o r i t e ,  u ran i  te,  and xenotime. These minera ls  occur i n  s teep ly  
d i p p i n g  q u a r t z  f j s s u r e  v e i n s  t h a t  l o c a l l y  p i n c h  and s w e l l .  H e m a t i t i c  
a l t e r a t i o n  and leaching o f  magnet i te f rom the  w a l l  rocks occurred dur ing  ve in  
f o rma t i on .  The v e i n s  a r e  h o s t e d  i n  a  s m a l l  a l k a l i n e  i n t r u s i v e  complex 
c o n s i s t i n g  o f  Cre taceous  s y e n i t e  and g r a n i t e .  The m a j o r  r o c k  u n i t s  a r e  
p o r p h y r i t i c  b i o t i t e  aegi  r i n e - a u g i t e  s y e n i t e ,  a e r i  r i  n e - a u g i t e  syen i  t e ,  
p o r p h y r i t i c  b i o t i t e  aug i t e  syeni te ,  and a l k a l i  g ran i te ,  w i t h  minor magnetite- 
b i o t i  te-aegi r ine-augi te  lamprophyre dikes. The a1 ka l  i n e  complex i n t r udes  t he  
Cambrian Wickersham g r i t  u n i t .  



Lime Peak Sn Deposi t  --- 
By P. J e f f r e y  Burton and W. David Menzie 

The Lime Peak depos i t  cons i s t s  of areas o f  ve i n l e t s ,  b recc ia  zones, and 
pods o f  b lack tourmal ine and areas o f  c h l o r i t e ,  s e r i c i t e ,  green tourmal ine,  
and quar tz  a1 t e r a t i o n  i n  an e a r l y  T e r t i a r y  hypabyssal, peraluminous, b i o t i t e  
g r a n i t e  p l u t o n  (Menzie and others,  1983; Burton and others,  1985). The p l u ton  
i s  c u t  by numerous f e l s i c  and minor in te rmed ia te  dikes.  The areas o f  ve i n l e t s ,  
b recc i a  zones, and tourmal i n e  pods a re  suggest ive o f  d e u t e r i c  a1 t e ra t i on ,  
whereas t he  areas o f  c h l o r i t e ,  s e r i c i t e ,  and quar tz  a re  probably  t h e  r e s u l t  o f  
hydrothermal a l t e r a t i o n .  Anomalous h i gh  values o f  Sn and assoc ia ted Ag, 5, B i ,  
Mo, Pb, and Zn occur i n  rock  samples from and around t he  p lu ton.  Very r a r e  
f l u o r i t e ,  topaz, p y r i t e ,  cha lcopyr i te ,  and mol ybdeni t e  occur i n  t he  a1 t e red  
areas. Grab samples con ta in  as much as 0.16% Sn, 0.1% Zn, 0.5% Cu, 0.2% Pb, 
and 14 g / t  Ag. C a s s i t e r i t e  occurs i n  stream sediments i n  t he  surrounding area. 
The depos i t  i s  c l a s s i f i e d  as e i t h e r  a Sn g re isen  o r  Sn ve in  depos i t .  

The g r a n i t i c  p l u t o n  va r i es  f rom o lder ,  coarse-grained equigranular  b i o t i t e  
g r a n i t e  t o  younger p o r p h y r i t i c  b i o t i t e  g r a n i t e  w i t h  a  f ine-gra ined groundmass. 
Local m ia ro l  i t i c  c a v i t i t e s  a re  present, and t he  p l u ton  has a K-Ar age of 56.7 
Ma. E p i z o n a l  e m p l a c e m e n t  o f  t h e  p l u t o n  i s  i m p l i e d  b y  a  w i d e  c o n t a c t  
metamorphic aureole, abundant m i a r o l i t i c  c a v i t i e s ,  p o r p h y r i t i c  tex tures,  and 
abundant veins. The p l u ton  i n t r udes  t he  lower p a r t  o f  t h e  Cambrian Wickersham 
g r i t  u n i t .  

. Vein, Skarn, Sn Greisen, and Porphyry Deposits, 
Nor thern and Eastern Y ukon-Tanana Up1 and 

The major lode minera l  depos i ts  i n  the  nor thern  and eastern Yukon-Tanana 
Up land  a r e  ( T a b l e  1, P l a t e  1 ) :  Sb-Au v e i n  d e p o s i t s  a t  Dempsey Pup and 
Scra f fo rd ;  Au-quartz ve in  depos i t s  a t  Table Mountain, Democrat, and Purd ; g p o l y m e t a l l i c  ve i n  depos i t s  a t  C leary  Summit, Es te r  Dome, Blue Lead, T i b  s  
Creek, and Gray  Lead; W s k a r n  d e p o s i t s  a t  Sa lcha R i v e r  and G i l m o r e  Dome; 
porph r y  Cu-Mo depos i t s  a t  Mosquito, Asarco, B l u f f ,  and Taurus (descr ibed 
belowr: a  Au-As ve in  depos i t  a t  M i  1  l e r  House; a  Sn g re isen  depos i t  a t  Ketchem 
Dome; a se rpen t in i te -hos ted  asbestos a t  S l a te  Creek (descr ibed below); and a 
podiform chrornite depos i t  a t  Eagle C3. The depos i t s  a t  Scraf ford ,  C leary  
Summit, Gi lmore Dome, Es te r  Dome, and Democrat a re  i n  t he  Fairbanks d i s t r i c t ,  
one o f  t he  major min ing areas i n  Alaska. 

The nor thern  and eastern p a r t  o f  t he  Yukon-Tanana Upland i s  unde r l a i n  by 
m u l t i p l y  metamorphosed and p e n e t r a t i v e l y  deformed Devonian and o l d e r  quartz-  
mica s c h i s t  and gneiss, qua r t z i t e ,  quar tz - r i ch  g r i t ,  gne i ss i c  p l u t o n i c  rocks, 
metavolcanic rocks, marble, and ca lc -sch is t  t h a t  a re  i n t r uded  by Cretaceous 
and e a r l y  T e r t i a r y  g r a n i t i c  p lu tons  (Foster  and others,  t h i s  volume). The 
marble l o c a l  l y  con ta ins  Devonian f o s s i  1  s, and p a r t s  o f  t he  gne i ss i c  p l u t o n i c  
rocks are dated as Devonian and M iss i ss i pp ian  by U-Pb z i r c o n  i s o t o p i c  s tud ies.  
These metamorphic rocks a re  p a r t  o f  t h e  Yukon-Tanana t e r rane  (P la te  1  ). 

The polymetal  l i c  and Sb-Au ve in  depos i ts  a re  probably r e l a t e d  t o  e i t h e r  
g reensch is t  fac ies r eg iona l  metamorphism and ( o r )  i n t r u s i o n  o f  Cretaceous and 
e a r l y  T e r t i a r y  g r a n i t i c  p lu tons.  The Au quar tz  ve i n  depos i t s  are i n t e r p r e t e d  
as be ing r e l a t e d  t o  a  widespread reg iona l  metamorphic and deforrnat ional  event 
t h a t  culminated w i t h  i n t r u s i o n  of Cretaceous g r a n i t i c  p lutons, dikes, and 
s i l l s .  The porphyry and skarn depos i t s  are r e l a t e d  t o  an ex tens ive  s u i t e  of 
d iscont inuous e a r l y  T e r t i a r y  g r a n i t i c  p lu tons  and r e l a t e d  igneous rocks. The 



porphyry deposi ts  occur a t  t he  western end o f  a  broad b e l t  o f  s i m i l a r  deoosi ts  
- - -  

e x t e n d i n g  f r o m  t h e  Dawson Range i n  wes te rn  Canada i n t o  e a s t e r n  -Alaska 
(Hol 1  i s  t e r ,  1978). 

Fairbanks D i s t r i c t  
By Thomas E. Smith and Paul A. Metr 

The Fairbanks d i s t r j c t  i s  one o f  t he  major mining areas i n  Alas a, w i t h  a numerous lode and p lace r  mines i n  an area o f  approximately 2,000 k  . Since 
the  d iscovery of go ld  p lacers  i n  1902, the  d i s t r i c t  has produced 236 m i l  l i o n  , g  
of p l ace r  go ld  and 7.8 m i l l i o n  g o f  lode gold, nea r l y  25 percent of Alaska s 
product ion. The deposi ts  were f i r s t  descr ibed by P r i n d l e  and Katz (1913) and 
subsequently by Smith (1913), Chapin (1914, 1919), Me r t i e  (1918), and H i l l  
(1933). H i l l  (1933) f i r s t  noted t he  c lose  s p a t i a l  r e l a t i o n s h i p  o f  p lacer  and 
lode deposi ts.  

The Fairbanks d i s t r i c t  i s  under la in  by t h r e e  metamorphosed s t r a t i g r a p h i c  
sequences, i n  t h r u s t  contact, which a re  i n t r uded  by var ious g r a n i t i c  plutons, 
dikes, and s i l l s  (Fig. 5 )  (Smith and others, 1981; Forbes and Weber, 1982). 
The Fairbanks s c h i s t  u n i t  o f  Bundtzen (1982), t he  lowest sequence o f  l a t e  
Precambrian o r  e a r l y  Paleozoic age, cons is ts  dominantly o f  q u a r t z i t e  and 
muscovi  t e - q u a r t z  s c h i s t ,  metamorphosed a t  c o n d i t i o n s  o f  t h e  g r e e n s c h i  s t  
facies.  Wi th in  the  Fairbanks s c h i s t  u n i t  i s  a  succession known as t he  Cleary  
sequence wh i ch  i s  a 120 t o  240 m t h i c k  and c o n s i s t s  o f  f e l s i c  s c h i s t ,  
laminated wh i t e  micaceous qua r t z i t e ,  c h l o r i t e - a c t i n o l i t e  greenstone, g r a p h i t i c  
sch is t ,  m i  nor  metavolcanic rocks, calc-schi  s t ,  and marble. The Cleary  sequence 
hosts most o f  the  lode deposi ts  i n  the  d i s t r i c t  and i s  present upstream from 
the  major p l ace r  d i s t r i c t s  (Smith and others, 1981); i t  i s  be l ieved  t o  have a 
volcanogenic o r i g i n .  ( 2 )  S t r u c t u r a l l y  above the Fairbanks s c h i s t  u n i t  i s  t he  
Chena R iver  sequence, cons i s t i ng  o f  banded amphi bo1 i te, t remol i t e  marble, 
garnet -muscovi  t e  s c h i s t ,  b i o t i t e  s c h i s t ,  c a l c - s c h i s t ,  and me tache r t ,  
metamorphosed a t  cond i t i ons  o f  the  lower amphibo l i te  fac ies  (Forbes and Weber, 
1982). ( 3 )  I n  t h e  n o r t h e r n  p a r t  o f  t h e  d i s t r i c t ,  t h e  F a i r b a n k s  s c h i s t  i s  
s t r u c t u r a l  1  y over1 a i n  by the  Chatani ka sequence, c o n s i s t i n g  of garnet-pyroxene 
ec log i te ,  garnet  amphi b o l i  te,  qua r t z i t e ,  marble, and pe l  i t i c  sch is t .  

G r a n i t i c  rocks i n  the  d i s t r i c t  i nc lude  a hornblende g r a n o d i o r i t e  p l u t o n  
near  Pedro Dome, a  younger,  m u l t i p h a s e  p o r p h y r i t i c  q u a r t z  monzon i te  t o  
g r a n o d i o r i t e  p l u t o n  a t  Gilmore Dome, and numerous small p lu tons  o r  hypabyssal 
bod ies  and d i k e s  o f  f e l s i c  o r  i n t e r m e d i a t e  c o m p o s i t i o n .  F i e l d  r e l a t i o n s  
i n d i c a t e  mesozonal emplacement; K-Ar and Rb-Sr i s o t o p i c  ages range from 91 t o  
93 Ma ( L a t e  Cre taceous) .  Chemi c a l l  m i n e r a l o g i c a l ,  and i s o t o p i c  c r i  t e r i  a  
i n d i c a t e  t h a t  the  p o r p h y r i t i c  quar tz  monzonite may be an S-type g ran i te ,  
whereas the  hornblende g ranod io r i t e  d i sp lays  fea tu res  o f  both S- and I - t ype  
g ran i te .  

Two major deformat ions occurred i n  t he  d i s t r i c t .  The e a r l i e r  r e s u l t e d  i n  
synmetamorphic, over turned t o  recumbent, sub i soc l i na l ,  northeast-verging f o l d s  
w i t h  wave leng ths  o f  abou t  300 m. The l a t e r  d e f o r m a t i o n  r e f o l d e d  t h e s e  
s t r u c t u r e s  i n t o  broad,  n o r t h e a s t - t r e n d i n g  open f o l d s  t h a t  c o n t r o l  t h e  
d i s t r i b u t i o n  of major rock types (Fig. 5A). Local m i  nor s t ruc tu res ,  i nc l ud ing  
shears and crush zones t y p i c a l l y  c l u s t e r  i n  northeast-  and north-northeast-  
t rend ing  sets, both of which have a c lose  s p a t i a l  and genet i c  r e l a t i o n s h i p  t o  
t h e  d i s c o r d a n t  Au, Sb, and As l o d e  d e p o s i t s  i n  t h e  d i s t r i c t .  N o r t h e a s t -  
t rend ing  f a u l t s  t y p i c a l  l y  show reverse o f f s e t  and sou ther ly  dips.  



The d i s t r i c t  conta ins 188 lode go ld  deposi ts,  of which 65 have produced an 
est imated 8.7 m i l  l i o n  g  Au w i t h  average grades ranging from 9.6 t o  79 g / t  
(Thomas, 1973). The depos i t s  a re  concentrated i n  the  Cleary  Summit, Es te r  
Dome, Scra f fo rd ,  and Gi lmore Dome areas (Fig.  5)  (Table 1, P l a t e  1). The lode 
d e p o s i t s  c o n s i s t  o f  f i v e  g roups  (Metz  and H a l l s ,  1981) :  ( 1 )  S t r a t a b o u n d  
vo lcanogenic(?)  depos i t s  w i t h  in tergrown As, Zn, Sb, Pb, and Cu su l f i des ,  
gold, and scheel i t e  i n  conformable lenses para1 l e l  t o  l a y e r i n g  i n  metavolcanic 
rocks o f  t h e  Cleary  sequence; ( 2 )  Pb-sulphosal t  quar tz  s u l f i d e  ve ins w i t h  
a rgen t i fe raus  galena, spha le r i  te,  cha lcopyr i te ,  s t i b n i  te,  arsenopyr i te ,  and 
g o l d  i n  C r e t a c e o u s  g r a n i t i c  p l u t o n s ;  ( 3 )  S k a r n  d e p o s i t s ,  m o s t l y  as  
replacements of calcareous l aye rs  o f  t he  Cleary  sequence, l v i  t h  scheel i t e  i n  

rograde hedenbergi t e  pyroxene and subcal c i  t e  garnet  skarn and re t rograde  
Rornblende-quartz-calci t e  metasomatic minera l  assemblages i n  ca l c - sch i s t  and 
marble ad jacent  t o  Cretaceous g r a n i t i c  p lu tons  a t  Gi lmore and Pedro Domes 
(A1 legro,  1984); ( 4 )  Polymetal l i c  go l d - su l f i de  quar tz  ve i n  depos i t s  w i t h i n  and 
c r o s s c u t t i n g  the  Cleary  sequence; and ( 5 )  s t i b n i t e  gash ve ins and f r a c t u r e  
f i l l i n g s  i n  a x i a l  p lane shears i n  metavolcanic rocks o f  t he  Cleary  sequence. 

F i e l d  observat ions and chemical da ta  lead t o  t he  f o l l o w i n g  model o f  o re  
ore genesis: (1  ) Precambrian o r  e a r l y  Paleozoic bimodal submarine volcanism i n  
a r i f t  environment, a long w i t h  f o r q a t i o n  o f  v o l c a n i c l a s t i c  rocks and e x h a l i t e s  
enr iched i n  Au, Sb, As, and W; ( 2 )  r eg i ona l  polymetamorphism and deformat ion 
r e s u l t i n g  i n  m o b i l i z a t i o n  o f  metals i n t o  veins; ( 3 )  emplacement of post-  
t e c t o n i c  C re taceous  g r a n j t i c  p l u t o n s ,  p o s s i b l y  d u r i n g  a n a t e x i s ,  w i t h  
concurrent  skarn format ion and cont inued m o b i l i z a t i o n  o f  metals i n  ve ins a t  
favorab le  s i t e s  w i t h i n  t he  Cleary  sequence (Smith and others,  1981 ). 

Taurus Cu-Mo Deposi t  
T ~ x ~ h i  pp 

The Taurus porphyry Cu-Mo depos i t  i s  the  bes t  known o f  t h ree  porphyry 
depos i t s  t h a t  a re  present  about 11 t o  22 km west o f  t he  Canadian border i n  t h e  
Yukon-Tanana Upland; t he  o the r  depos i t s  a re  a t  East Taurus and B l u f f  (Table 1, 
P l a t e  I ) .  The Tau rus  d e p o s i t  c o n s i s t s  o f  sparse  d i s s e m i n a t e d  Cu and Mo 
s u l f i d e s  and pervas ive p y r i t e  i n  a l t e r e d  areas o f  an e a r l y  T e r t i a r y  g r a n i t e  
porphyry and disseminated p y r i t e  i n  assoc ia ted vo lcan ic  rocks. The s u l f i d e s  
occur i n  t h ree  se t t i ngs :  (1  ) cha lcopyr i te ,  molybdenite, and p y r i t e  i n  v e i n l e t s  
of q u a r t z  and s e r i c i t e ;  q u a r t z  and s e r i c i t e  w i t h  accesso ry  b i o t i t e  and 
or thoc lase;  quartz, magnet i te  and anhydr i  te:  and clay,  f l u o r i t e ,  and zeol  i te;  
( 2 )  sparse concent ra t ions o f  Cu and Mo s u l f i d e s  associated w i t h  po tass i  c 
a l t e r a t i o n  i n  the  magnet i te- r ich core o f  the  g r a n i t e  porphyry; and (3 )  h igher  
concen t ra t ions  o f  Cu and Mo s u l f i d e s  assoc ia ted w i t h  p h y l l i c  a l t e r a t i o n  i n  t he  
per iphery  o f  t he  g r a n i t e  porphyry. P r o p y l l i t i c  a l t e r a t i o n  i s  minor i n  t he  core 
bu t  i s  ex tens ive  i n  t h e  per iphery  o f  t he  g r a n i t e  porphyry. In tense s e r i c i t i c  
a l t e r a t i o n  occurs i n  gneiss along t he  southern and eastern con tac ts  o f  t he  
g r a n i t e  porphyry; these areas have very  low concen t ra t ions  o f  s u l f i d e s  which 
formed mos t l y  through supergene processes. 

A l a t e  hypogene a l t e r a t i o n  phase con ta i n i ng  montmori 1 l o n i t e ,  f l u o r i t e ,  
c a l c i t e ,  and z e o l i t e  i s  present  l o c a l l y  w i t h i n  nor theast - t rend ing f r a c t u r e s  
and may be assoc ia ted w i t h  reg iona l  tourmal ine-quartz a l t e r a t i o n .  Supergene 
a l t e r a t j o n  def ined by abundant c l a y  minera ls  and l i m o n i t e  has occurred i n  a l l  
p a r t s  o f  t h e  depos i t  t o  a t  l e a s t  30 m below t he  surface. Cu enrichment due t o  
s u r f i c i a l  o x i d a t i o n  and redepos i t i on  near t he  former water t a b l e  i s  de tec tab le  
b u t  n o t  s i g n i f i c a n t .  C h a l c o c i t e  i s  t h e  p r i n c i p a l  s u l f i d e  r e p l a c i n g  
c h a l c o p y r i t e  and coa t ing  p y r i t e  f o r  30 m below t h e  leached cap. Approximately 



450 m i l  l i o n  tonnes grad ing 0.5% Cu and 0.07% MoS are present. One d r i l l  hole, 5 120 m long, grades 0.104% MoS2, i n d i c a t i n g  molyb enum may be more impor tant  a t  
depth. 

The g r a n i t i c  p lu tons  a t  Taurus and a t  nearby porphyry deposi ts  and t he  
associated f e l s i c  t u f f s  and brecc ias a re  s p a t i a l l y  r e l a t e d  t o  the  east-west- 
t r end ing  McCord Creek f au l t .  F a u l t  i n t e r s e c t i o n s  and f l exu res  apparent ly  
c o n t r o l  l e d  emplacement o f  porphyr ies and i n t r u s i v e  b recc i  as. The porphyr ies 
i ntrude mu1 t i p l y  deformed and metamorphosed Devonian o r  o l d e r  sedimentary and 
vo lcan ic  rocks and Devonian and Miss iss ipp ian  gne iss ic  g r a n i t i c  rocks o f  the  
Yukon-Tanana Upland (Foster  and others, t h i s  volume). B i o t i t e  from the  g r a n i t e  
p o r p h y r y  a t  Taurus  y i e l d s  a  K - A r  age o f  57.0 Ma (T.K. Bundtzen, w r i t t e n  
commun., 1985). Local small s tocks o f  Mesozoic(?) g ranod io r i  te a l so  occur i n  
t h e  area. The p o r p h y r y  d e p o s i t s  a r e  i n t e r p r e t e d  as hav ing  fo rmed d u r i n g  
hydrothermal a l t e r a t i o n  of magnet i te- r ich g r a n i t e  porphyry, probably w i t h i n  a 
backarc environment. 

Asbestos and P t  Deposits, Eastern Yukon-Tanana Up1 and 

Asbestos and P t  deposi ts  a l so  occur i n  t he  eastern Yukon-Tanana Upland, 
where t h e y  c o n s i s t  o f  a  l a r g e  s e r p e n t i n i t e - h o s t e d  asbes tos  d e p o s i t  a t  
Fo r t ym i l e  (descr ibed below) and a P t  depos i t  i n  u l t r a m a f i c  rocks a t  Eagle C-3 
(Tab le  1, P l a t e  1 ) .  The Eag le  C - 3  d e p o s i t  c o n s i s t s  o f  h i g h  PGE va lues  i n  
b i o t i t e  py roxen i te  i n  a small u l t r a m a f i c  body (Table  1). These deposi ts  are i n  
d iscont inuous remnants o f  t h r u s t  sheets of u l  t ramaf i c  and associated rocks 
t h a t  are s t r u c t u r a l l y  above the  Yukon-Tanana t e r rane  ( P l a t e  1 ). Many o f  the  
t h r u s t  sheets a re  t o o  small t o  dep i c t  on P l a t e  1. The t h r u s t  sheets cons i s t  
o f  serpent i 'n i  zed harzburg i te  and associated u l  t rarnaf ic  rocks, gabbro, p i  1  low 
b a s a l t ,  and l o c a l  Permian c h e r t ,  a l l  o f  wh i ch  may be p a r t  o f  a  s e v e r e l y  
dismembered oph io l  i t e  (Foster  and others,  t h i s  volume). These scattered, 
i s o l a t e d  t h r u s t  shee ts  o f  u l  t r a m a f i c  and r e l a t e d  r o c k s  a r e  p a r t  of t h e  
Seventymi 1  e  te r rane  (P  1 a te  1  ). 

Fortymi l e  Asbestos Deposi t  
By ~ o b e m g e r s  

The For tymi le  area conta ins numerous f a i r l y  small bodies o f  u l t r ama f i c  
r o c k s  n e a r  t h e  T i n t i n a  f a u l t ,  e l e v e n  o f  wh i ch  c o n t a i n  c o n c e n t r a t i o n s  of 
c h r y s o t i l e  asbestos (Table 1). The u l t r a m a f i c  rocks ad jacent  t o  the  f a u l t  
cons i s t  o f  p a r t i a l  l y  se rpen t i  n i  zed harzburg i  t e  and duni te,  whereas those as 
much as 64 km south of the  f a u l t  are completely serpent in ized.  The depos i t  i n  
t h e  S l a t e  Creek a r e a  c o n s i s t s  o f  a n t i g o r i t e  w i t h  m i n o r  c l i n o c h r y s o t i l e ,  
c h r y s o t i  l e ,  magnetite, b ruc i  te ,  and magnesite i n  completely se rpen t i n i  zed 
h a r z b u r g i t e  and d u n i t e .  The s e r p e n t i n e  p r o b a b l y  r e p l a c e d  magnesium-r ich 

01 i vine, minor orthopyroxene, and r a r e  c l  inopyroxene. The c h r y s o t i  l e  asbestos 
i s  p r e s e n t  I n  zones o f  f r a c t u r i n g  n e a r  c e n t e r s  of t h i c k e r  s e r p e n t i n i t e ,  
p r ima r i  l y  as c ross - f i  ber  ch ryso t i  l e  i n  randomly o r i en ted  ve ins about 0.5 t o  1  
cm th i ck .  The ve ins con ta in  a l t e r n a t i n g  zones of c h r y s o t i l e  and magnet i te and 
commonly e x h i b i t  magnet i te selvages. Some c h r y s o t i l e  i s  a l t e r e d  t o  a n t i g o r i t e .  
The c h r y s o t i l e  ve ins appear t o  be t he  r e s u l t  of f r a c t u r e  f i l l i n g  from f l u i d s  
m ig ra t i ng  through f rac tu res ,  o r  poss ib l y  from r e l a t i v e l y  immobile f l u i d s  
d i s s o l v i n g  and r e p r e c i p i t a t i n g  serpent ine w i t h i n  a  small area. Three of the  
u l t r ama f i c  bodies i n  t he  S la te  Creek area are est imated t o  con ta in  58 m i l l i o n  
tonnes averaging 6.4% c h r y s o t i l e  f i b e r .  



The ha rzbu rg i t e  and d u n i t e  hos t ing  t he  depos i ts  i s  i n  t a b u l a r  t e c t o n i c  
l e n s e s  t h a t  r a n g e  f r o m  60  t o  150  m t h i c k  as much as 800  m l o n g .  The 
serpen t i  n i  t e  i s  general  l y  massive; zones o f  i n tense  shear i  ng a r e  common near 
contacts.  The s e r p e n t i n i t e  i s  commonly a l t e r e d  near contacts  and f a u l t  zones. 
Ca lc i te ,  dolomite,  magnesi te, c r y p t o c r y s t a l l  i ne quartz,  and 1  imoni te-goethi  t e  
r e p l a c e  s e r p e n t i n e ,  and t h e y  appear t o  have formed d u r i n g  r e a c t i o n  of 
s e r p e n t i n i  t e  w i t h  C02-rich meteor ic  water. The Fortymi l e  asbestos depos i t  i s  
i n t e r p r e t e d  as a low-temperature rep1 acement depos i t  formed dur ing  a1 t e r a t i o n  
o f  t he  harzburg i te .  

Vein and Massive S u l f i d e  Deposits, 
Nor thern Alaska Range Region 

The major lode depos i t s  i n  the  nor thern  Alaska Range i nc l ude  (Table 1, 
P l a t e  1): ( 1 )  an ex tens ive  d i s t r i c t  o f  p o l y m e t a l l i c  and Sb-Au ve in  depos i ts  i n  
the  Kantishna D i s t r i c t  (descr ibed below) a t  S l a te  Creek, Eagles Den, Qu ig l ey  
Ridge,  Banjo,  Spruce  Creek, and Stampede; and ( 2 )  an e x t e n s i v e  s u i t e  o f  
massive s u l f i d e  depos i t s  a t  L i b e r t y  Be1 1, Sheep Creek, Anderson Mountain, WTF, 
Red Mountain, Miyaoka, Hayes Glac ier ,  McGinnis Glac ier ,  and i n  t he  De l t a  
d i s t r i c t .  The massive s u l f i d e  depos i ts  extend f o r  350 km along s t r i k e  on t he  
nor thern  f l a n k  o f  t he  Alaska Range ( P l a t e  I ) ,  and c o n s t i t u t e  one o f  t he  longer  
b e l t s  of massive s u l f i d e  depos i t s  i n  Alaska. Deposi ts i n  t h i s  b e l t  have been 
d iscovered ma in ly  w i t h i n  t he  l a s t  10 years. P o t e n t i a l  e x i s t s  f o r  the  d iscovery  
o f  a d d i t i o n a l  deposi ts.  

Both t h e  ve in  and massive s u l f i d e  depos i t s  occur i n  Devonian o r  o l de r  
polymetamorphosed, po lyde fo rmed,  submar ine  m e t a v o l c a n i c  r o c k s ,  p e l  i t i c  
sch is ts ,  ca lc-sch is t ,  and marble, w i t h  few o r  no gne i ss i c  g r a n i t i c  rocks 
(A1 e i  n i  k o f f  and Nok leberg ,  1985; Nok lebe rg  and A l e i n i k o f f ,  1985) .  T h i s  
assemblage i s  i n t e r p r e t e d  as t h e  upper s t r u c t u r a l  and s t r a t i g r a p h i c  l e v e l  of 
t he  Y ukon-Tanana t e r rane  (Nokleberg and A l e i n i  k o f f ,  1985). Metamorphic grade 
ranges from amph ibo l i te  fac ies  a t  depth t o  g reensch is t  f a c i e s  a t  h i  her  l e v e l s  9 (Nokleberg and A l e i n i  k o f f ,  1985; Nokleberg and others,  1986). Local y  abundant 
Cretaceous(?) gabbro t o  d i o r i t e  d ikes  and s i l l s  c rosscu t  s c h i s t o s i t y  and 
f o l i a t i o n  i n  the  sequence. S t r u c t u r a l l y  o v e r l y i n g  these o l d e r  rocks a re  t he  
s i n g l y  metamorphosed and deformed metasedimentary and metavolcanic rocks o f  
t h e  Precambr ian  o r  P a l e o z o i c  Keevy Peak  F o r m a t i o n  and ~i s s i s s i p p i a n ( ? )  
T o t l a n i  ka Sch is t  (Wahrhafi tg,  1968; G i  1  b e r t  and Bundtzen, 1979). The massive 
s u l f i d e  depos i t s  a re  c l a s s i f i e d  as Kuroko massive s u l f i d e  depos i t s  t h a t  formed 
du r i ng  Devonian submarine volcanism. The polymetal  1  i c  ve i n  and Sb-Au depos i t s  
i n  n o r t h e r n  A l a s k a  Range a r e  p r o b a b l y  fo rmed d u r i n g  Cre taceous  r e g i o n a l  
metamorphism and ( o r )  du r i ng  i n t r u s i o n  o f  somewhat younger Late Cretaceous o r  
e a r l y  T e r t i a r y  d i k e  swarms. 

Kantishna D i s t r i c t  
By Thomas K. Bundtzen 

The Kantishna d i s t r i c t  conta ins an ex tens ive  s u i t e  o f  p o l y m e t a l l i c  and Sb- 
Au ve in  depos i t s  a t  S l a t e  Creek, Qu ig l ey  Ridge, Banjo, Spruce Creek, Eagle 
Den, and Stampede (Table 1, P l a t e  1  ). Most o f  t he  depos i t s  a re  i n  t h e  midd le  
Paleozoic o r  o l d e r  metamorphosed vo lcan ic  and sedimentary rocks o f  t he  Spruce 
Creek sequence (Bundtzen, 1981), which i s  c o r r e l a t e d  by some workers w i t h  t he  
Cleary  sequence i n  t he  Fairbanks d i s t r i c t  (Bundtzen and Smith, 1986). 



Most o f  the  ve in  deposi ts  occur as c rosscu t t i ng  quartz-carbonate-sul f ide 
ve ins and a re  s t r u c t u r a l l y  c o n t r o l l e d  w i t h i n  a  nor theast - t rending f a u l t  zone, 

60 km long, extending from S la te  Creek t o  Stampede. M i n e r a l i z a t i o n  occurred 
before, dur ing, and a f t e r  fau l t -zone movement, as i 1 l u s t r a t e d  by both crushed 
and undeformed ore  shoots i n  the  same ve in  system. The ve in  f a u l t s  range from 
30 t o  500 m l o n g  and f r om a few cm t o  9 m wide; t h e y  occu r  i n  v a r i o u s  
l i t h o l o g i e s  b u t  a r e  b e s t  deve loped  i n  b r i t t l e  r o c k s  such as q u a r t z i t e  o r  
meta igneous rocks .  The v e i n  d e p o s i t s  c o n s i s t  o f  Ag-Au-Sb-Pb-Zn q u a r t z -  
c a r b o n a t e - s u l f i d e  v e i n s  s u b d i v i d e d  i n t o  t h e  f o 1  l o w i  ng t h r e e  t y p e s :  (1  ) 
polymetal  1  i c  ve in  deposi ts  composed o f  quartz, arsenopyr i  te, p y r i t e ,  gold, and 
schee l i  te ;  (2 )  polymetal  1  i c  ve in  depos i ts  composed of galena, spha le r i  te, 
t e t r ahed r i t e ,  p y r i t e ,  and cha lcopyr i te ,  o f t e n  w i t h  s i l v e r ,  lead, and antimony 
su l fosa l t s ;  and ( 3 )  Sb-Au ve in  deposi ts  composed o f  s t i b n i t e  and quartz,  
l a r g e l y  f r e e  o f  o ther  s u l f i d e s .  

The Q u i g l e y  R idge  d e p o s i t  c o n s i s t s  o f  t y p e  2 v e i n s  and c o n t a i n s  an 
est imated 381,000 tonnes grad ing 1,337 g / t  Ag, 4.8 g/t Au, 6.4% PP, and 2.3% 
Zn. The Banjo d e p o s i t  c o n s i s t s  o f  t y p e  1 v e i n s  and c o n t a i n s  an  e s t i m a t e d  
159,000 tonnes g rad ing  13.4 g/t Au, 123 g / t  Ag, and 1.5% combined Pb, Zn, and 
Sb. The Spruce Creek depos i t  a l so  cons is ts  o f  type 1 veins and conta ins an 
est imated 77,000 tonnes grad ing 2.4 g / t  Au, 276 g/t Ag, and 2.5% combined Pb, 
Zn, and Sb. The deposi ts  a t  S l a t e  Creek, Last  Chance, and Stampede cons i s t  of 
t ype  3 ve ins and toge ther  con ta in  an est imated 507,000 tonnes grad ing 11.9% Sb 
w i t h  minor Ag and Zn. 

Textures i n d i c a t e  t h a t  a rsenopyr i te  and p y r i t e  formed ear ly ;  base-metal 
su l f ides,  such as spha le r i  te,  cha lcopyr i te ,  galena, and s i l v e r  su l f i des ,  and 
t e t r a h e d r i t e  formed next; and Sb minera ls  such as boulanger i te ,  jamesonite, 
and s t i b n i t e  formed l a t e  (Bundtzen, 1981). The h ighes t  Ag and Au values are i n  
t y p e  2 v e i n s  and o c c u r  i n  t e t r a h e d r i t e ,  p o l y b a s i t e ,  p y r a r g y r i  t e ,  and 
pearcei  te .  The Kant i  shna ve in  deposi ts  were probably formed dur ing  hydraul  i c  
f r a c t u r i n g  of t he  metal  1 i f e r o u s  hos t  rocks o f  t h e  Spruce Creek sequence. 
M e t a l s  were l eached  from t h e  v o l c a n i c  and sed imen ta ry  r o c k s  and were 
t ranspor ted  by hydrothermal f l u i d s  i n t o  s t r u c t u r a l  conduits.  The heat engine 
was probably e i t h e r  mid-Cretaceous reg iona l  greenschis t  f ac i es  metamorphism or 
p l u t o n i  sm o r  t he  emplacement o f  younger Late Cretaceous o r  e a r l y  T e r t i a r y  d i k e  
swarms. 

and Sheep Creek Massive S u l f i d e  Deposits, L i b e r t y  B e l l  - Bonn i f i e l d  D i s t r i c t  - 
By Thomas K. Bundtzen 

Two small massive s u l f i d e  depos i ts  occur a t  L i b e r t y  B e l l  and Sheep Creek 
i n  the B o n n i f i e l d  d i s t r i c t  (Table 1, P l a t e  1). Both are hosted i n  t he  vo lcan ic  
and sedimentary rocks o f  t he  Precambrian o r  Paleozoic Keevy Peak Formation and 
the  Miss iss ipp ian(? )  To ta t l an i ka  Schist .  Both deposi ts  i l l u s t r a t e  d i v e r s i t y  i n  
texture,  geometry, and metal content. 

The L i b e r t y  B e l l  mass ive s u l f i d e  d e p o s i t  c o n s i s t s  o f  a r s e n o p y r i  t e ,  
p y r i t e ,  p y r r h o t i t e ,  chalcopyr i te ,  and b i smu th in i t e  lenses and d isseminat ions 
t h a t  o c c u r  pa ra1  l e l  t o  l a y e r i n g  i n  t u f f a c e o u s  s c h i s t .  The d e p o s i t  has a 
maximum t h i c k n e s s  o f  10 rn and a s t r i k e  l e n g t h  o f  200 m; i t c o n t a i n s  an 
est imated 91,000 tonnes grad ing 10% As, 2% Cu, and 34 g / t  Au. The depos i t  i s  
ad jacent  t o  a  metamorphosed Paleozoic(?)  p l ug  t h a t  i s  probably coeval w i t h  t he  
t u f f  p r o t o l  i t h  o f  the  sch is t .  The L i b e r t y  B e l l  depos i t  resembles t he  Langdal, 
Renstrom, and 601 iden arsenic  and prec ious metal massive s u l  f i de deposi ts  o f  



nor th -cen t ra l  Sweden, which a re  i n t e r p r e t e d  as a  Pro te rozo ic  example of a  
Kuroko massive s u l f i d e  d i s t r i c t .  

About 20 km south o f  t he  L i b e r t y  B e l l  depos i t  on t he  oppos i te  l imb  o f  a  
m a j o r  s y n c l i n e ,  t h e  Sheep Creek mass ive  s u l f i d e  d e p o s i t  c o n s i s t s  o f  
spha le r i t e ,  galena, p y r i t e  and s t a n n i t e  i n  massive lenses i n  p h y l l i t e  and 
metaconglomerate. The lenses a re  i n  a  zone about 330 m long and a re  l o c a l i z e d  
i n  t he  nose o f  an over turned a n t i c l i n e  near t he  con tac t  between the  vo lcan ic -  
r o c k - r i  ch T o t a l  a n i k a  Sch i  s t  and t h e  s e d i m e n t a r y - r o c k - r i c h  Keevy Peak 
Formation. Selected samples average 11% combined Zn and Pb, 10 g / t  Ag; l o c a l  
zones as much as 1  m t h i c k  average 1% Sn. 

Anderson Mountain Massive S u l f i d e  De o s i t ,  B o n n i f i e l d  D i s t r i c t  f- By C u r t i s  J .  reeman 

The Anderson Mountain massive s u l f i d e  depos i t  i s  a l so  i n  t he  B o n n i f i e l d  
d i s t r i c t  ( T a b l e  1, P l a t e  1 ) ;  i t c o n s i s t s  o f  mass ive  s u l f i d e  l a y e r s  w i t h  
p y r i t e ,  cha lcopyr i te ,  galena, spha le r i  te, enargi  te,  and arsenopyr i  t e  i n  a  
gangue o f  quartz,  s e r i c i t e ,  c h l o r i t e ,  c a l c i t e ,  ba r i t e ,  and s i d e r i t e .  The 
massive s u l f i d e s  con ta i n  recoverab le  Cu, Pb, Zn, and Ag, along w i t h  anomalous 
Hg, As, Sb, W, Sn, and Ba. Thicknesses o f  t he  s u l f i d e  l aye rs  range from 0.6 t o  
3 m; grades range from 0.5 t o  19% Cu, a t r a c e  t o  5% Pb, a t r a c e  t o  22% I n ,  and 
a t r a c e  t o  170 g/t Ag. The s u l f i d e - r i c h  l aye rs  occur i n  metamorphosed marine 
tuffaceous r h y o l i t e  w i t h  l i t h i c  in terbeds.  The depos i t  i s  s l i g h t l y  d iscordan t  
w i t h  r e s p e c t  t o  t h e  h o s t  h o r i z o n  and appears  t o  r e s t  on an i r r e g u l a r  
p a l e o s u r f a c e  i n  t h e  s t r a t i g r a p h i c  f o o t w a l l .  M e t a l  c o n c e n t r a t i o n s  i n  t h e  
s t r a t i g r a p h i c  package i n d i c a t e  ep isod ic  m ine ra l i za t i on ,  w i t h  a  r a t h e r  slow 
beginning, a peak of metal depos i t ion,  and subsequent taper ing .  The lower 
c o n t a c t s  o f  t h e  s u l f i d e  l a y e r s  a r e  sha rp  whereas t h e  upper  c o n t a c t s  a r e  
i r r e g u l a r  and have v a r i a b l e  grade and geometry; t he  upper contacts  a re  l o c a l l y  
dome-shaped. L a t e r a l  and v e r t i c a l  me ta l - r a t i o  t rends i n d i c a t e  depos i t i on  near, 
bu t  no t  at ,  an exha la t i ve  center.  

The tuf faceous r h y o l i t e  and l i t h i c  in te rbeds  hos t ing  t he  depos i t  a re  p a r t  
o f  t he  Moose Creek Member o f  the  M iss iss ipp ian(? )  T o t a t l a n i k a  Schis t .  The 
w a l l r o c k s  benea th  t h e  d e p o s i t  a r e  m a i n l y  b l a c k  ca rbonaceous  s h a l e  and 
c a l c a r e o u s  sha le .  The w a l l r o c k s  above t h e  d e p o s i t  a r e  m a i n l y  mass ive  t o  
p y r o c l a s t i c  b a s a l t  interbedded w i t h  lenses o f  t h i n  b lack shale. Low-grade 
g r e e n s c h i s t  f a c i e s  metamorphism has a l t e r e d  t h e  h o s t  r o c k s  b u t  has n o t  
destroyed r e l i c t  sedimentary tex tu res .  R e l i c t  crossbedding, scours, and r a r e  
she1 1  l y  f o s s i  1s i n d i c a t e  marine depos i t ion.  The hos t  u n i t s  s t r i  ke northeast,  
d i  P moderately southeast, and a re  d issec ted  by numerous small h i  gh-angl e  
f a u l t s .  

WTF and Red Mountain Zn-Pb-Cu-A Deposi ts --- 
By D. R e  

The WTF and Red Mountain depos i t s  (Table 1, P l a t e  1)  cons i s t  o f  massive 
p y r i t e ,  sphal e r i  te, galena, and cha l copy r i t e  i n  a  quar tz - r i ch  gangue. Local 
a1 t e r a t i o n s  cons i s t  o f  i n tense  s i  1 i c i f i c a t i o n  and t a l c  format ion.  The depos i t s  
con ta in  an est imated 1.12 m i l l i o n  tonnes grad ing 0.15% Cu, 3.5% Pb, 7.9% Zn, 
270 g / t  Ag, and 1.9 g / t  Au. The depos i t s  occur on e i t h e r  s i de  of a  l a r g e  east-  
west- t rending asymmetric sync l ine,  w i t h  t he  Red Mountain depos i t  on t he  south 
l imb  and t h e  WTF depos i t  on t h e  n o r t h  l imb  (Fig.  6). 



The d e p o s i t s  a r e  i n  t h e  upper  p a r t  o f  t h e  M y s t i c  Creek Member o f  t h e  
M iss i ss i pp ian (? )  To ta t l an i ka  Schist ,  near the  con tac t  w i t h  the  o v e r l y i n g  Sheep 
Creek Member. The Red Mountain depos i t  occurs w i t h i n  severa l  s i  1  ica-exhal i t e  
hor izons i n  a  sequence of metamorphosed d a c i t i c  t o  r h y o l i t i c  c r y s t a l  t u f f ,  
l a p i l l i  t u f f ,  minor flows, and metasedimentary rocks. The southern e x h a l i t e  
hor izon a t  Red Mountain cons is ts  o f  s p h a l e r i t e  and coarse p y r i t e  i n  a  b lack 
c h l o r i t e  sch i s t ;  t he  nor thern  e x h a l i t e  hor i zon  a t  Red Mountain, about 90 t o  
120 m t h i ck ,  conta ins p y r i t e - r i c h  massive s u l f i d e  w i t h  Cu, Zn, Pb, and Ag and 
s e v e r a l  mass ive  p y r i t e  h o r i z o n s .  The o re -g rade  mass ive  s u l f i d e s  a t  Red 
Mountain a re  f i n e  gra ined and f i n e l y  t o  coarse ly  laminated. Local deformat ion 
o f  the  depos i t  i s  i l l u s t r a t e d  by sparse s u l f i d e  augen i n  t he  massive s u l f i d e  
layers .  

The WTF depos i t  cons is ts  o f  a  f a i r l y  t h i n  bu t  a r e a l l y  extens ive p y r i t e -  
r i c h  massive su l f ide ,  gene ra l l y  l ess  than 3 m t h i ck ,  con ta in ing  Ag, Zn, Pb, 
and Au. The s u l f i d e s  are f i n e  gra ined and f i n e l y  t o  coarse ly  laminated. High 
Ag values are r e l a t e d  t o  l o c a l  t e t r a h e d r i t e  i nc l us i ons  i n  galena. The quar tz  
gangue content  increases t o  the  west along w i t h  decreasing PbIZn r a t i o ,  and 
decrease i n  Ag. Synsedimentary p y r i t e  g radua l l y  decreases from 10 t o  20% t o  2 
t o  5% i n  the  b lack  s c h i s t  above the  massive s u l f i d e .  

The t h i c k  massive s u l f i d e  depos i t  a t  Red Mountain and t he  t h i nne r  depos i t  
a t  WTF are  i nterp re ted  as coeval proximal and d i s t a l  deposi ts,  r espec t i  ve l  y. 
The deposi ts  are i n t e r p r e t e d  t o  have formed from a hydrothermal c e l l  a t  a  
waning submar ine v o l c a n i c  c e n t e r .  S u l f i d i c  e x h a l a t i o n s  p r e c i p i t a t e d  t h e  
podi form massive s u l f i d e s  a t  Red Mountain, whereas an extens ive e u x i n i c  bas in  
caused p r e c i p i t a t i o n  o f  t he  d i s t a l  WTF depos i t  from fumarole-derived b r i nes  
t h a t  o r i g i n a t e d  near Red Mountain. 

Miyaoka, Hayes Glac ie r ,  and McGinnis G lac ie r  Cu-Pb-As-Au Deposi ts 
By I an  M. Lange and Warren J. Nokleberg 

To t h e  eas t ,  a  s u i t e  o f  Kuroko mass ive  s u l f i d e  d e p o s i t s  occu rs  a t  
tvliyaoka, Hayes G lac ie r ,  and McGinnis G lac ie r  (Table 1, P la te  1 ). The deposi ts  
c o n s i s t  of disseminated g ra ins  t o  massive lenses and pods o f  Fe-sulf ides, 
c h a l c o p y r i t e ,  and s p h a l e r i t e  i n  a  gangue o f  q u a r t z ,  c h l o r i t e ,  ep ido te ,  
b i o t i t e ,  and a c t i n o l  i t e  (Nok lebe rg  and Lange, 1985). The more e x t e n s i v e  
depos i t  a t  McGinnis G lac ie r  cons is ts  o f  s u l f i d e  pods and lenses as much as 1 m 
t h i c k  t h a t  occur d iscon t inuous ly  i n  a  zone as much as 15 m t h i c k  and 2 km 
long. The s u l f i d e s  a re  i n  an i n tense l y  deformed, i n t e r f o l  i a t e d  marine sequence 
of Devonian o r  o l d e r  metavolcanic and metasedimentary rocks ( A l e i n i k o f f  and 
Nokleberg, 1985). The host  rocks show evidence o f  two per iods o f  metamorphism, 
an o l d e r  o f  a m p h i b o l i  t e  f a c i e s  and a younger  o f  g r e e n c h i s t  f a c i e s .  The 
deposi ts  probably formed i n  a  submarine is land-arc se t t i ng .  

De l t a  D i s t r i c t  - 
By C l i n t  R. Nauman and Steven R. Newkirk 

The D e l t a .  d i s t r i c t  d e p o s i t s  o c c u r  a t  t h e  e a s t e r n  end o f  t h e  b e l t  o f  
massive s u l f i d e  deposi ts  i n  eastern p a r t  of t he  nor thern  Alaska Range (P la te  
1 )  (Naum n and others, 1980). The d i s t r i c t  comprises an area o f  approximately 9 1,000 km and conta ins numerous s t r a t i  form, transposed s t r a t i  form, and l esse r  
r ep lacemen t - t ype  massive s u l f i d e  d e p o s i t s  w i t h i n  a  t h i c k  sequence o f  
metavolcanic and metasedimentary rocks metamorphosed a t  cond i t ions  of t he  
greenschis t  fac ies.  



The base  m e t a l  d e p o s i t s  i n  t h e  D e l t a  d i s t r i c t  o c c u r  i n  f o u r  r e g i o n a l  
t r e n d s ,  t h e  DD, OW, T r i o ,  and PP-LZ t r e n d s .  The c e n t r a l  OD and DW t r e n d s  
con ta in  massive s u l f i d e s  i n  lenses and sheets, r espec t i ve l y .  The DD South 
massive s u l f i d e  deposi t ,  hosted i n  ne tavo lcan ic  rocks, conta ins 1.5 m i  11 i o n  
tonnes of b recc i a ted  and weakly banded p y r r h o t i t e ,  p y r i t e ,  and Cu, Pb, and Zn 
s u l f i d e s  w i t h  average grades o f  1% Cu, 8% combined Pb and Zn, 62 g/t Ag, and 2 
g / t  Au w i t h i n  a  lens a t  most 545 m long, 212 m wide, and 15 m t h i c k  i n  t h e  
c e n t r a l  po r t ion .  The OD Nor th  deposi t ,  another lens-1 i ke body, loca ted  about 
1.6 k m  away a l o n g  s t r i  ke, c o n t a i n s  s i m i l a r  copper  and g o l d  g r a d e s  b u t  i s  
r e l a t i v e l y  deple ted i n  Pb and Zn. To t h e  northwest and southeast f o r  severa l  
km along s t r i k e ,  t h i n  beds o f  Pb-, Zn-and AS-r ich massive s u l f i d e s  crop ou t  i n  
p e l i t i c  and tu f faceous metasedimentary rock  layers .  

I n  c o n t r a s t  t o  t he  DD deposi ts,  the  nearby tu f f -hos ted  DW-LP depos i t  i s  
composed o f  a l a t e r a l  1  y  extensive,  b u t  s t r u c t u r a l  1  y  segmented, sheet-1 i ke 
massive p y r i t e  bed con ta i n i ng  i n  excess o f  18 m i l l i o n  tonnes of f a i r l y  low 
grade m a t e r i a l  t h a t  i s  a t  l e a s t  606 m long, 3 t o  15 m t h i c k ,  and extends 1,500 
m downdip. Typ ica l  grades range from 0.3 t o  0.7% Cu, 1 t o  3% Pb, 3 t o  6% Zn, 
34.3 t o  109 g / t  Ag, and 1 t o  3.4 g/t Au. The depos i t s  i n  t h e  o u t l y i n g  T r i o  and 
PP-LZ t rends  a re  general  1  y c l o s e l y  assoc ia ted w i t h  calcareous and carbonaceous 
metasedimentary rocks t h a t  f l a n k  the  c e n t r a l  vo lcan ic  a x i s  o f  t he  d i s t r i c t ,  
where t he  DD and DW t rends  occur. These depos i t s  a re  r e l a t i v e l y  enr iched i n  
Pb, Zn, and Ag, and cons i s t  o f  both  s t r a t i f o r m  and replacement massive s u l f i d e  
depos i t s  d i scon t i nuous l y  present  i n  a  zone as much as 40 km long. 

The su l . f i de  depos i t s  o f  t h e  De l t a  d i s t r i c t  occur i n  the  here i n f o r m a l l y  
named De l t a  s c h i s t  u n i t  of t h e  Yukon-Tanana ter rane.  Th is  u n i t  cons i s t s  of a 
n o r t h w e s t - t r e n d i n g  a x i s  o f  Devon ian  m e t a v o l c a n i c  r o c k s  (A1 e i  n i  ko f f  and 
Nok leberg ,  1985) f l a n k e d  t o  t h e  n o r t h  b y  metamorphosed sha l  lovr m a r i n e  
sedimentary rocks, and t o  t he  south by metamorphosed deeper marine sedimentary 
rocks (Nauman and others,  i980). The metavolcanic rocks, which hos t  most o f  
t he  major base and prec ious metal deposi ts,  a re  der i ved  from a vo l can i c  s u i t e  
va ry ing  i n  composi t ion from s p i l i t e  t o  keratophyre. I n t e g r a l  t o  t h i s  s u i t e  a re  
numerous synvolcan ic  t h o l e i i t i c  greenstone s i l l s  t h a t  a re  t oo  t h i n  t o  show on 
F igure  7. The greenstone s i l l s  are i n t e r p r e t e d  as be ing s p a t i a l l y  r e l a t e d  t o  
t he  massive s u l f i d e  bodies and g e n e t i c a l l y  r e l a t e d  t o  the  e f f u s i v e  vo lcan ic  
su i t e .  Hydrothermal f l u i d  f low probably  focused around t he  s i l l s ,  producing 
o v e r l a p p i n g  s t a g e s  o f  c h l o r i t i z a t i o n ,  s i l i c i f i c a t i o n ,  s e r i c i t i z a t i o n ,  
p y r i  t i  z a t i o n ,  and Pb-Ag-Au m i n e r a l  i z a t i o n .  The abundance and v a r i e t y  o f  
s u l f i d e  depos i t s  i n  t he  De l t a  d i s t r i c t  apparen t l y  r e s u l t e d  f rom evo l v i ng  
hydrothermal a c t i v i t y  accompanying prolonged i n j e c t i o n  o f  syndepos i t iona l  
t h o l e i i  t e  s i l l s  i n t o  n e a r - s u r f a c e  v o l c a n i c  and sed imen ta r y  d e b r i s  i n  a  
marginal  r i f t  environment. 

LODE DEPOSITS - ALEUTIAN ISLANDS AND ALASKA PENINSULA 

The A leu t i an  I s l ands  and Alaska Peninsula con ta in  a  l i m i t e d  v a r i e t y  of 
lode depos i ts .  The A leu t i an  I s l ands  and southwest Alaska Peninsula con ta in  an 
ex tens ive  s u i t e  o f  ep i thermal  and p o l y m e t a l l i c  v e i n  and porphyry Cu and Mo 
deposi ts.  The nor theas t  Alaska Peninsula conta ins s u i t e s  o f  Cu-Zn-Au and Fe 
skarn, p o l y m e t a l l i c  vein, and porphyry Cu deposi ts,  and one ep i thermal  ve i n  
depos i t .  



Vein and Porphyry Deposits, A leu t i an  Is lands  and 
Southwestern Alaska Peninsula 

Numerous e p i t h e r m a l  and p o l y m e t a l  l i c  v e i n  and p o r p h y r y  Cu and Cu-Mo 
depos i ts  occur i n  the A leu t i an  Is lands  and southwestern Alaska Peninsula 
(Table 1, P l a t e  1). They c o n s i s t  o f :  (1 )  epi thermal ve in  deposi ts  a t  Canoe 
Bay, Aqu i l l a ,  Apollo-Sitka, Shumagin, San Diego Bay, Kuy, and Fog Lake; (2 )  
p o l y m e t a l l  i c  v e i n  d e p o s i t s  a t  Sedanka, Warner Bay, C a t h e d r a l  Creek, and 
K i l o k a k  Creek; and ( 3 )  p o r p h y r y  Cu and Mo d e p o s i t s  a t  Pyramid, Kawisgag, 
M a l l a r d  Duck Bay, Bee Creek, Rex, and Mike. The e p i t h e r m a l  v e i n  d e p o s i t s  
gene ra l l y  cons i s t  o f  quartz-vein systems and s i l i c i f i e d  zones con ta in ing  go ld  
and lesser  s u l f i d e s  i n  T e r t i a r y  andesi te  and d a c i t e  and i n  l esse r  rhyodac i te  
and rhyo l  i t e  f lows and breccias.  The po lymeta l l  i c  ve in  deposi ts  general  l y  
c o n s i s t  of base-metal  s u l f i d e s  i n  q u a r t z  v e i n s  and i n  d i s s e m i n a t i o n s  i n  
T e r t i a r y  d i o r i  t e ,  g r a n o d i o r i t e ,  and a n d e s i t e  and d a c i  t e  s tocks ,  and i n  
andesi te  and d a c i t e  flows, and i n  vo lcan ic  sandstone i n t r uded  by stocks and 
d i k e s .  The p o r p h y r y  Cu and Mo d e p o s i t s  commonly c o n s i s t  o f  d i s s e m i n a t e d  
c h a l c o p y r i t e  and ( o r )  m o l y b d e n i t e  and p y r i t e  i n  a l t e r e d  a reas  i n  o r  n e a r  
T e r t i a r y  o r  Quaternary andesi te, dac i  te, and rhyodaci  t e  stocks, o f t e n  along 
j o i n t s  o r  i n  stockworks. 

The ep i thermal  and p o l y m e t a l l i c  ve in  and porphyry deposi ts  a re  along a 
l i n e a r  b e l t  more than 800 km long (P la te  1). Th is  b e l t  i s  i n t ep re ted  as being 
r e l a t e d  t o  hydrothermal and epi thermal a c t i v i t y  assoc ia ted w i t h  t he  l a te -  
magmatic stages o f  T e r t i a r y  and Quaternary hypabyssal p l u t o n i c  and associated 
vo lcan ic  centers.  These centers  a re  along p a r t  o f  t he  A leu t i an  arc, one of t he  
c l a s s i c  igneous arcs along the  r i m  o f  t he  P a c i f i c  Ocean. The a rc  i s  composed 
m a i n l y  of e a r l y  T e r t i a r y  t o  Ho locene a n d e s i t e  t o  d a c i t e  f l o w s ,  t u f f ,  and 
i n t r u s i v e  and ex t rus i ve  breccia:  hypabyssal d i o r i t e  and quar tz  d i o r i t e  and 
smal l  s i l i c i c  stocks, dikes, and s i l l s ;  and vo lcan ic  graywackes, shale, and 
lahars  (Burk, 1965; Bei kman, 1980; Wilson, 1985). Extensive l a t e  T e r t i a r y  and 
Quaternary volcanoes and assoc ia ted vo lcan ic  and v o l c a n i c l a s t i c  rocks form 
major p a r t s  o f  the a rc  and dominate the  landscape. 

Under ly ing the southwestern Alaska Peninsula, almost as f a r  west as Cold 
Bay, i s  the  o l de r  bedrock, designated as p a r t  o f  t he  Peninsular  t e r rane  (P la te  
1) ( t he  so c a l l e d  Alaska Peninsula t e r rane  o f  Wilson and others,  1985). The 
o lde r  bedrock i s  l o c a l l y  ex tens i ve l y  i n t r uded  by t he  Jurassic,  Cretaceous, and 
e a r l y  T e r t i a r y  Alaska-Aleut ian Range bath01 i t h  (Reed and Lanphere, 1973). The 
Eocene and e a r l i e s t  Miocene vo lcan ic  and hypabyssal rocks deposi ted on, and 
i n t r uded  i n t o  t h i s  o l d e r  bedrock, c o n s t i t u t e  p a r t  o f  the  so c a l l e d  Meshik a rc  
o f  Wilson (1985). The major depos i ts  i n  t he  southwestern Alaska Peninsula a re  
the  Apollo-Sitka, Shumagin, and Aqu i la  Au-Ag epithermal ve in  deposi ts  and the  
Pyramid porphyry Cu deposi t .  

Apol lo-Si tka Au-Ag Deposi t  

The Apol l o - S i t k a  d e p o s i t  c o n s i s t s  o f  qua r t z - ca rbona te  v e i n s  and 
s i  1 i c i f i e d  zones w i t h  gold, galena, spha le r i te ,  cha lcopyr i te ,  t e t r a h e d r i  te ,  
n a t i  ve copper, and t r a c e  t e l  l u r i d e s ( ? )  (Brown, 1947; A1 as ka Mines and Geology, 
1983; Eakins and others,  1985). Much o f  t he  go ld  i s  disseminated i n  su l f ides .  
The ve ins and zones occur i n  a  se r i es  of a t  l e a s t  e i g h t  strongly-developed, 
no r t heas t - s t r i k i ng  f r a c t u r e  systems. The ve ins extend f o r  severa l  thousand m 
along t he  surface and t o  a t  l e a s t  360 rn below the  surface; they range from a 
few cm t o  abou t  7 m wide. The h ighe r -g rade  p a r t s  o f  t h e  d e p o s i t  occupy 
t e n s i o n a l  f l e x u r e s  i n  t h e  f r a c t u r e  systems. Abundant comb s t r u c t u r e  and 



euhedral c r y s t a l  druses i n d i c a t e  t h a t  the  veins formed a t  sha l low depths. The 
f r a c t u r e  systems con ta i n i ng  t he  ve ins a re  south o f  the  Unga ca ldera  system. 
The ve ins a re  hosted i n  p r o p y l i  t i c a l  l y  a1 tered, shale, t u f f ,  and intermed-iate 
t o  f e l s i c  vo lcan ic  rocks o f  probable l a t e  T e r t i a r y  age. From 1894 t o  1906, t he  
depos i t  produced about 3.33 m i l l i o n  g  o f  Au from 435,000 tonnes of o re  grad ing 
242 g/t Ag and 7.9 g / t  Au. Most o f  t he  n a t i v e  go ld  o re  was mined du r i ng  t h i s  
per iod.  The go ld  i n  t he  remaining p a r t  o f  depos i t  i s  assoc ia ted w i t h  Zn and 
Pb. Extens ive recen t  e x p l o r a t i o n  has r e s u l t e d  i n  d e l i n e a t i o n  o f  an est imated 
a d d i t i o n a l  163,000 tonnes w i t h  one area grad ing as much as. 7.3 g / t  Au, 240 g/t 
Ag, 15% Zn, and 1% Pb. 

Pyramid Cu-Mo Deposi t  
By Gary Anderson and Thomas K. Bundtzen 

The Pyramid depos i t  cons i s t s  of d isseminated molybdeni te i n  Fe-sta-ined 
d a c i t e  p o r p h y r y  s t o c k  and d i k e s  o f  l a t e  T e r t i a r y  age (Tab le  1, P l a t e  1) 
(Armstrong and others,  1976; H o l l i s t e r ,  1978; Wilson and Cox, 1983). A zonal 
a l t e r a t i o n  p a t t e r n  i s  present, w i t h  a core o f  secondary b i o t i t e  and about 3 t o  
10% magnet i te  grad ing outward t o  an envelope o f  q u a r t z - s e r i c i t e  a l t e r a t i o n .  
Fractures ad jacent  t o  t he  s tock a re  f i l l e d  w i t h  s e r i c i t e .  Local ex tens ive  
o x i d a t i o n  and supergene enrichment occurs i n  a b lanke t  as much as about 100 m 
t h i c k  w i t h  secondary  c h a l c o c i  t e  and cove1 li t e .  The s t o c k  i n t r u d e s  Upper 
Cretaceous and lower Miocene f ine-gra ined c l a s t i c  rocks, which a re  c fn tac t  
metamorphosed ad jacent  t o  t he  stock. The depos i t  i s  centered on a  3 km area 
w i t h i n  t h e  s tock  and conta ins an est imated o f  113 m i l l i o n  tonnes grad ing 0.4% 
Cu, 0.05% Mo, and a  t r a c e  o f  Au. 

grade 
C r e e k  
t r a n s i  

he Pyramid depos i t  i s  t he  bes t  known o f  a se r i es  o f  large-tonnage, low- 
porphyry Cu and Mu depas l t s  i n  t h e  Alaska Peninsula. The Pyramid Bee 
, Rex, and  Warne r  Bay p o r p h y r y  Cu d e p o s i t s  ( P l a t e  1 )  o c c u p y  a  
t i o n a l  zone between t he  p a r t s  o f  t he  magmatic a rc  unde r l a i n  by oceanic 

c r u s t  t o  t he  southwest and con t i nen ta l  c r u s t  t o  t he  nor theast .  Some o f  t he  
depos i t s  a re  Mo-rich and con ta i n  anomalous concent ra t ions o f  B i ,  Sn, and W 
t h a t  may be c h a r a c t e r i s t i c  o f  con t i nen ta l  margin depos i t s  (Wi lson and Cox, 
1983). 

Vein, Skarn, and Porphyry Deposits, Nor theastern Alaska Peninsula 

A few s k a r n  and p o r p h y r y  d e p o s i t s  o c c u r  i n  t h e  n o r t h e a s t e r n  A laska  
P e n i n s u l a  ( T a b l e  1, P l a t e  1 ) and c o n s i s t  o f :  (1  ) Cu-Au and Cu-Zn s k a r n  
depos i t s  a t  Crev ice Creek and G lac i e r  Fork; (2 )  Fe skarn depos i t s  a t  Kasna 
Creek and Magnet i te  Is land;  (3 )  an ep i the rma l (? )  ve i n  depos i t  a t  t he  Johnson 
Prospect; and ( 4 )  p o l y m e t a l l i c  ve i n  depos i t s  a t  K i  ji k  R ive r  and Bonanza H i l l s .  
The Cu-Au and Cu-Zn skarn depos i t s  gene ra l l y  c o n s i s t  of epidote-garnet skarn 
i n  l i m e s t o n e  o r  marb le ,  w i t h  d i s s e m i n a t i o n s  and l a y e r s  o f  c h a l c o p y r i t e ,  
s p h a l e r i  t e ,  and p y r r h o t i  t e ,  i n  a reas  where J u r a s s i c ( ? )  g r a n o d i o r i t e  and 
g r a n i t e  i n t r u d e  calcareous sedimentary rocks. The Fe skarn depos i t s  gene ra l l y  
c o n s i s t  o f  m a g n e t i t e  s k a r n  i n  d o l o m i t e  o r  m a r b l e  w i t h  l e s s e r  ga rne t ,  
amph ibo le ,  and l o c a l  c h a l c o p y r i t e .  The Fe s k a r n s  o c c u r  i n  a reas  where 
Ju rass ic (? )  quar tz  d i o r i t e  and t o n a l i t e  i n t r u d e  t h e  calcareous sedimentary 
r o c k s .  The p o l y m e t a l l  i c  v e i n  d e p o s i t s  g e n e r a l  l y  c o n s i s t  o f  d i s s e m i n a t e d  
s u l f i d e s  i n  a l t e r e d  T e r t i a r y  d a c i t e  porphyry o r  o f  base metal s u l f i d e s  i n  
ve ins i n  metamorphosed d a c i t e  f lows and sandstone near hypabyssal g ran i te .  



These deposi ts  occur i n  bedrock consi  s t i  ng o f  marine sedimentary rocks of 
the  Upper T r i a s s i c  Kamishak Formation, Lower T r i a s s i c  marble, and t he  vo lcan ic  
and v o l c a n i c l a s t i c  rocks o f  the  Ea r l y  Jurass ic  Talkeetna Formation o f  t he  
Peninsula t e r rane  (P la te  1 ) (so-cal led Alaska Peninsula t e r rane  o f  Wilson and 
others, 1985) t h a t  a re  i n t r uded  by Jurassic,  Cretaceous, and e a r l y  T e r t i a r y  
d a c i t e  porphyry, small stocks, and l a rge  g r a n i t i c  p lu tons  o f  t he  Alaska- 
A leu t i an  Range b a t h o l i t h .  The major depos i t  i s  the  Johnson Prospect. 

Johnson Au-Zn Prospect 
By Car l  I ,  Stee fe l  

The Johnson depos i t  cons is ts  o f  a  quar tz  stockwork o f  quar tz -su l f ide  ve ins 
w i t h  c h a l c o p y r i t e ,  p y r i t e ,  s p h a l e r i t e ,  galena, and g o l d .  The v e i n s  a l s o  
con ta in  c h l o r i t e ,  s e r i c i  te, anyhydr i  te, and b a r i t e  a1 t e r a t i o n  minerals.  Along 
a few m of d r i l l  core, grades range from 20.6 t o  41.2 g / t  Au, 9.4 t o  24.8% Zn 
and average 2% Pb. The stockwork ve ins occur i n  a d iscordan t  p i p e l i k e  body o f  
s i  l i c i  f i e d  v o l c a n i c  rocks .  The d e p o s i t  i s  hos ted  i n  v o l c a n i c l a s t i c ,  
py roc las t i c ,  and vo lcan ic  rocks, p a r t  of t he  Portage Creek Agglomerate Member 

of the  Lower Jurass ic  Talkeetna Formation. Near the  deposits, t he  Talkeetna 
Fo rma t i on  i s  i n t r u d e d  by L a t e  J u r a s s i c  q u a r t z  d i o r i t e  and g r a n i t e  o f  t h e  
A l a s k a - A l e u t i a n  Range b a t h o l i t h .  T h i s  d e p o s i t  i s  an e p i t h e r m a l  v e i n ( ? )  
deposi t ,  and i s  i n t e r p r e t e d  as having formed du r i ng  replacement and a l t e r a t i o n  
associated w i t h  the  l a t e  magmatic stage o f  nearby Jurass ic  plutons. 

LODE DEPOSITS - SOUTHERN ALASKA 

S o u t h e r n  A l a s k a  c o n t a i n s  a l a r g e  v a r i e t y  o f  l o d e  d e p o s i t s .  The 
southwestern Alaska Range conta ins a s u i t e  of Cu-Pb-Zn skarn, po lymeta l l  i c  
vein, Sn gre isen and vein, and porphyry Cu-Au and Mo ve in  deposi ts,  a  Besshi 
massive s u l f i d e  deposit, and a gabbroic Ni-Cu(?) deposi t .  The c e n t r a l  and 
eastern Alaska Range and t he  Wrangell Mountains con ta in  a  s u i t e  o f  Cu-Ag and 
Fe skarn, p o l y m e t a l l i c  vein, and porphyry Cu and Cu-Mo deposi ts,  and a s u i t e  
of Cu-Ag quar tz  vein, b a s a l t i c  Cu, and Besshi massive s u l f i d e  deposi ts.  The 
Talkeetna Mountains con ta in  a s u i t e  o f  Au quar tz  ve in  deposi ts,  and a s u i t e  of 
podiform chromite deposi ts  i s  present on Kodiak Is land, t he  Kenai Peninsula, 
and the  nor thern  Chugach Mountains. The southern Chugach Mountains, southeast 
Kenai Peininsula,  and Kodiak I s l a n d  con ta in  an extens ive s u i t e  o f  Au quar tz  
ve in  deposits, and t he  Pr ince Wi l l i am Sound d i s t r i c t  conta ins an extens ive 
s u i t e  of Besshi and Cyprus massive s u l f i d e  deposi ts.  

Skarn, Vein, and Massive S u l f i d e  Deposits, 
Southwestern Alaska Range 

Major lode deposi ts  i n  t he  southwestern and western Alaska Range cons i s t  
of several  Ag-Pb-Zn-Cu skarn deposi ts  i n  t he  Farewel l  d i s t r i c t  a t  Sowser 
Creek, Rat Fork, Sheep Creek, and T i n  Creek; a  gabbroic Ni-Cu depos i t  a t  Chip 
Loy; and a Besshi massive s u l f i d e  depos i t  a t  Shel lebarger Pass. 

Farewel l  D i s t r i c t  
~~ThomasK. Bundtzen 

Major Cu-Ag-Pb-Zn skarn deposi ts  occur a t  Bowser Creek, Rat  Fork, Sheep 
Creek, and T i n  Creek, and a Ni-Co depos i t  occurs a t  Chip Loy i n  t he  Farewel l  

2 d i s t r i c t  i n  a  500 km area o f  t he  southwestern Alaska Range (Table 1, P la te  
1).  The Bowser Creek Ag-Pb skarn depos i t  cons is ts  o f  p y r r h o t i t e ,  spha le r i te ,  
galena, and cha l copy r i t e  i n  a hedenbergite-johannsenite endoskarn i n  marble 



adjacent  t o  an e a r l y  T e r t i a r y  f e l s i c  d i k e  (Szumigala, 1985). Local fissures i n  
marble ad jacent  t o  skarn con ta in  Ag-rich galena and p y r r h o t i t e .  The depos i t  i s  
es t imated t o  con ta i n  as much as 272,000 tonnes w i t h  10% Pb and Zn and 100 g/t 
Ag. The T i n  Creek skarn depos i t  cons i s t s  of ~ ~ r o x e n e - r i c h  skarn w i t h  abundant 
s p h a l e r i t e  and minor cha l copy r i t e  and garnet  skarn w i t h  c h a l c o p y r i t e  and minor 
spha le r i t e .  Local  abundant gangue ep ido te  and amphibole a l s o  occur i n  t he  
skarns (Szumigala, 1985). The pyroxene skarn i s  d i s t a l  to, and t h e  garnet  
skarn i s  proximal, t o  an ex tens ive  T e r t i a r y  g r a n o d i o r i t e  d i k e  swarm. The Chip- 
Loy Ni-Co deposi t ,  c l a s s i f i e d  as a  gabbroic Ni-Cu deposi t ,  cons i s t s  of massive 
t o  disseminated p y r r h o t i t e ,  b ravo i te ,  and cha l copy r i t e  along a  s t eep l y  d i pp ing  
con tac t  between diabase and shale (Her re i  d, 1966; W. S. Roberts, o r a l  commun., 
1985). 

Lode depos i t s  i n  the  Farewel l  d i s t r i c t  a re  gene ra l l y  centered a t  o r  near 2 .  p lu tons  1  t o  5 km i n  s i z e  and r e l a t e d  igneous b recc ias  o f  e a r l y  and ( o r )  
midd le  T e r t i a r y  p l  utons o f  t he  A1 aska-Aleutian Range bath01 i th. The base-metal 
s karn depos i t s  a re  t y p i c a l  of 1  ow-temperature f r ac tu re - con t ro l  1  ed z i  nc-lead 
skarns. The depos i t s  occur e i t h e r  as skarns i n  lower and midd le  Paleozoic 
deep-water carbonate rocks o r  shale o r  as stockwork v e i n l e t  zones i n  f i ne -  
g ra ined  p lu tons.  These s t r a t i f i e d  w a l l  rocks a re  p a r t  o f  t he  D i l l i n g e r  t e r r ane  
(P la te  1). 

Shel lebarger  Massive S u l f i d e  Deposi t  

The Shel lebarger  Pass depos i t  cons i s t s  o f  a  ve ry  f ine-gra ined m ix tu re  o f  
ma in ly  p y r i t e  and marcas i te  w i t h  l esse r  spha le r i  te,  cha lcopyr i te ,  galena, and 
p y r r h o t i t e  i n  a  gangue o f  s i d e r i t e ,  c a l c i t e ,  quartz, and do lomi te  (Reed and 
E b e r l e i n ,  1972) .  The s u l f i d e s  o c c u r  i n  a t  l e a s t  s i x  i n d i v i d u a l  b o d i e s  i n  
carbonate-r i  ch beds and as f r a c t u r e  f i 11 i ngs, main ly  i n  c h e r t  and s i  1  tstone. 
The s u l f i d e s  a re  hosted i n  T r i a s s i c  o r  Ju rass ic  cher t ,  dolomite,  s i l t s t o n e ,  
sha le ,  v o l c a n i c  graywacke, cong lomera te ,  aquagene t u f f ,  p i l l o w  b a s a l t ,  
agglomerate, and brecc ia .  The h i ghes t  c h a l c o p y r i t e  concen t ra t ions  a re  i n  basal  
p a r t s  o f  t he  deposi ts.  Minor s p h a l e r i t e  i s  present  i n  o r  near hanging w a l l  
zones. The ma in  s u l f i d e  b o d i e s  may b e  p r o x i m a l  t o  b a s a l t i c  f l o w  f r o n t s .  
Hyd ro the rma l  a l t e r a t i o n  i s  e x t e n s i v e  occu rs  i n  t h e  f o o t  w a l l  b u t  r a r e  t o  
absent i n  the  hanging wa l l .  The depos i t  conta ins an est imated several  hundred 
thousand tonnes o f  unknown grade. Selected samples con ta in  as much as 5% Cu 
and average 2X Cu and 1% Zn. The hos t  rocks a re  p a r t  o f  t he  Mys t i c  t e r r ane  
( P l a t e  1 ). 

Polymeta l l  i c  Vein, Sn Greisen and Vein, and Porphyry Deposits, 
Western Alaska Range 

The major lode  depos i t s  i n  the  western Alaska Range are (Table 1, P l a t e  
1): Sn g re l sen (? )  and ve in  depos i t s  a t  Boulder Creek, Coal Creek (descr ibed 
below), and Ohio Creek; several  p o l y m e t a l l i c  ve i n  depos i t s  a t  P a r t i n  Creek, 
Ready Cash, and Nim and Nimbus (descr ibed below); and porphyry Mo, Cu-Mo, and 
Cu-Au a t  Miss Mol ly,  Treasure Creek, and Golden Zone. 

The Sn g re i sen (? )  and ve in  depos i t  a t  Boulder Creek (Purkeyp i le )  cons i s t s  
of c a s s i t e r i t e  and s u l f i d e s  i n  f r a c t u r e  f i  1  l i n g s  i n  metasedimentary rocks near 
a  T e r t i a r y  b i o t i t e  g r a n i t e  (Conwe l l ,  1977), and t h e  Sn g r e i s e n  and v e i n  
depos i t  a t  Ohio Creek cons i s t s  of muscovite-tourmaline g re isen  and quar tz  
a rsenopyr i te  ve ins i n  a T e r t i a r y  g r a n i t e  s tock (Table 1). The p o l y m e t a l l i c  
v e i n  depos i t s  a t  P a r t i n  Creek and Ready Cash cons i s t  o f  Fe and base metal 
s u l f i d e s  i n  v e i n l e t s  and d isseminat ions i n  T r i a s s i c  b a s a l t  and marble. The 



porphyry Mo depos i t  a t  Miss Mol l y  cons is ts  o f  quar tz  ve ins w i t h  molybdenite, 
p y r i t e ,  and l o c a l  f l u o r i t e  i n  a  T e r t i a r y ( ? )  g r a n i t e  s tock i n t r u d i n g  Jurass ic  
and Cretaceous f l  ysch. (Ferne t te  and Cleveland, 1984). The porphyry Cu-Mo 
deposi ts  a t  Treasure Creek c o n s i s t  o f  disseminated molybdenite and o ther  base- 
metal s u l f i d e s  i n  a  s i l i c i f i e d  and sheared T e r t i a r y  g r a n i t e  s tock i n t r u d i n g  
Cretaceous f 1 ysch (Cse j t e y  and M i  1  l e r ,  1978). 

These magmatism-related deposi ts  occur i n  the  nor theastern p a r t  o f  the  
A l e u t i a n - A l a s k a  Range b a t h o l i t h ,  m a i n l y  i n  t h e  l owe r  T e r t i a r y  McKin ley  
sequence o f  g r a n i t e  and g r a n o d i o r i  t e  p1 u t o n s  (Reed and Lanphere, 1973: 
Lanphere and Reed, 1985). I n  t he  western p a r t  o f  the  area, t he  p lu tons  i n t r u d e  
h i g h l y  fo lded  and th rus ted  Devonian maf ic  and u l  t r ama f i c  rocks, Devonian 
a r g i l l i  t e  and graywacke, M i s s i s s i p p i a n  c h e r t ,  Permian t h r o u g h  T r i a s s i c  
vo lcan ic  and marine sedimentary rocks, and Jurass ic  a r g i  11 i t e  and sandstone, 
p a r t  o f  t he  Chu l i tna  te r rane  (P la te  1). I n  t he  eastern p a r t  o f  t he  area, the  
p lu tons  i n t r u d e  h i g h l y  deformed, deep marine, p a r t l y  v o l c a n i c l a s t i c ,  f 1 yschoi d  
g r a y w a c k e  and a r g i l l i t e  and  m i n o r  amoun ts  o f  c h e r t ,  l i m e s t o n e ,  and  
conglomerate, main ly  Late Jurass ic  and Ea r l y  Cretaceous age, p a r t  o f  t he  
Kahi 1  tna  t e r rane  (P la te  1 ). 

Coal Creek Sn Deposi t  --- 
By Gregory Thurow and J. Dean Warner 

The Coal Creek Sn g re isen(?)  and Sn ve in  system cons is ts  o f  (1 )  sporadic 
g ra i ns  and l o c a l  concentrat ions o f  c a s s i t e r i t e  i n  a  sheeted ve in  system and 
minor d isseminat ions o f  c a s s i t e r i t e  i n  and above the  ap i ca l  dome of an e a r l y  
T e r t i a r y  g r a n i t e  i n t r u d i n g  o lder ,  r e l a t e d  g ran i te :  and (2 )  c a s s i t e r i t e  i n  t h i n  
quar tz- topaz-su l f ide ve in le ts ,  1  t o  3 mm wide, t h a t  postdate a l t e r a t i o n  and 
s tockwork  v e i n l e t s ,  The v e i n s  v a r y  f r o m  a h a i r l i n e  t o  1 cm i n  w id th ,  a r e  
nea r l y  v e r t i c a l ,  and a t t a i n  a  dens i t y  o f  10 ve ins per  m i n  the  most i n t e n s e l y  
f r a c t u r e d  zones. Vein s u l f i d e s  inc lude  arsenopyr i  te, p y r i t e ,  p y r r h o t i  te, and 
spha le r i te .  Gran i te  adjacent t o  the  ve ins i s  pervas ive ly  a l t e r e d  t o  quartz,  
tourmaline, topaz, s e r i c i t e ,  and minor f l u o r i t e .  The g r a n i t e  i n t r udes  con tac t  
metamorphosed Devonian a r g i l l i t e ,  graywacke, and minor l imestone. The depos i t  
conta ins an est imated 5 m i l l i o n  tonnes grad ing 0.28% Sn and 0.5% Cu. 

Golden Zone Au Deposi t  --- 
By Charles C. Hawley 

The Golden Zone depos i t  cons is ts  of veins and minera l i zed  shear zones, 
porphyry Au deposi ts,  a  b recc ia  pipe, and skarn deposi ts,  c l a s s i f i e d  as p a r t s  
o f  a complex polymetal  l i v  ve in  and associated Au-Ag b recc ia  pipe. The b recc ia  
p i pe  conta ins a rsenopyr i te  and s i l i c e o u s  b recc ia  occur. The p ipe  i s  i n  the  
center  o f  a quar tz  d i o r i t e  porphyry stock; both p ipe  and s tock plunge s teep ly  

east-northeast and are ba re l y  unroofed. The p ipe  enlarges from about 75-m 
d iame te r  a t  t h e  s u r f a c e  t o  abou t  100 m d i a m e t e r  a t  t h e  180-m l e v e l  and 
probably cont inues t o  en large a t  depth and then s p l i t s  i n t o  feeder zones. 
Veins i n  t h e  b recc ia  p i pe  range from a few cm of massive s u l f i d e  t o  s u l f i d e -  
bear ing shear zones more than 15 m across con ta in ing  numerous s u l f i d e  zones. 
The b recc ia  p i pe  may have formed dur ing  hydrothermal s top ing and co l lapse  o f  
the  quar tz  d i o r i t e ,  guided by northeast-  and northwest- t rending conjugate 
f a u l t s .  The porphyry conta ins a network o f  h a i r l i n e  f r a c t u r e s  and d i s t i n c t  
f i s s u r e s  f i  1 l e d  w i t h  arsenopyr i  te, p y r i t e ,  cha lcopyr i te ,  and quartz.  The 
contact  between the  p i pe  and porphyry i s  sharp. The porphyry i s  dated a t  68.0 
Ma (Swainbank and others, 1977). The depos i t  has produced 49,000 g of Au, 
268,000 g o f  Ag, and 19 tonnes o f  Cu. The depos i t  conta ins an est imated 5 



m i  1  l i o n  tonnes grad ing 4 g / t  Au, along w i t h  minor Cu and Ag. 

N i m  and Nimbus Cu-As-Au Deposi ts --- 
By Richard C. Swainbank 

The N i m  depos i t  cons i s t s  of: ( 1 )  Ve in l e t s  and d isseminat ions o f  p y r i t e ,  
cha lcopyr i te ,  molybdeni te,  and arsenopyr i  t e  i n  con tac t  metamorphic rocks and 
i n  i n t r u s i v e  b r e c c i a ;  ( 2 )  v e i n s  and d i s s e m i n a t i o n s  o f  a r s e n o p y r i t e ,  
mo l ybden i t e ,  c h a l c o p y r i t e ,  and cha l  c o c i  t e  i n  an e a r l y  T e r t i a r y  g r a n i t e  
porphyry and i n  pe r i phe ra l  r h y o l  i t e  d i  kes; and ( 3 )  d i  ssemi nated arsenopyr i  te, 
molybdeni te,  cha lcopyr i te ,  and p y r i t e  i n  r h y o l i t e  porphyry and quar tz  porphyry 
dikes.  Grab samples con ta in  as much as 2% Cu, 137 g / t  Ag, and 13 g / t  Au. The 
depos i t  i s  i n  a zone about 0.5 km wide and 2 km long i n  Ju rass i c (? )  c l a s t i c  
sed imen ta r y  r o c k s .  The Nimbus d e p o s i t  c o n s i s t s  o f  a l e n s  o f  mass ive  
a r s e n o p y r i t e ,  p y r i t e ,  and s p h a l e r i t e  1 t o  2 m t h i c k  and 1 0  rn l o n g  i n  a  
b recc ia ted  f e l s i c  d i k e  i n  a  s t rand  o f  t h e  Upper Chu l i t na  f a u l t .  

B a s a l t i c  Cu, Massive Su l f i de ,  Vein, Skarn, and Porphyry Deposits, 
Cen t ra l  and Eastern Alaska Range and Wrangell Mountains 

The c e n t r a l  and eastern Alaska Range and Wrangell Mountains con ta in  a  
complex v a r i e t y  of l a r g e  and smal l  lode deposi ts.  The l a r g e s t  and bes t  known 
a r e  t h e  Cu d e p o s i t s  o f  t h e  Kenneco t t  d i s t r i c t ,  wh i ch  p roduced  abou t  544 
m i l l i o n  kg Cu and 280 m i l l i o n  g Ag from about 1913 t o  1938, and t he  Nabesna 
mine, which produced about 1.66 m i l  1 i o n  g Au from about 1931 t o  1940. Major 
porphyry Cu-Mo depos i t s  a re  a t  Orange H i l l  and Bond Creek, Hors fe ld ,  and Car l  
Creek. O t h e r  m a j o r  l o d e  d e p o s i t s  a r e  ( T a b l e  1, P l a t e  1 ) :  ( 1 )  B a s a l t i c  Cu 
depos i t s  a t  Westover, Nelson, and Erickson; ( 2 )  Cu-Au-Ag skarn depos i t s  a t  
Zackly, Rainy Creek, and Midas; ( 3 )  Fe skarn depos i t s  a t  Nabesna and Rambler; 
( 4 )  Cu-Ag q u a r t z  v e i n  d e p o s i t s  a t  Ka th l een -Marga re t ,  Nugget  Creek, and 
N i  k o l a i ;  ( 5 )  p o r p h y r y  Cu d e p o s i t s  a t  Rainbow Mounta in ,  S l a t e  Creek, 
Chistochina, Bau l to f f ,  and Car l  Creek; ( 6 )  a porphyry Cu-Mo depos i t  a t  London 
and Cape; ( 7 )  a  p o l y m e t a l l i c  ve i n  depos i t  a t  Nabesna Glac ier ;  (8)  a  Besshi 
massive s u l f i d e  depos i t  a t  Denal i ;  and ( 9 )  a  d u n i t i c  Ni-Cu depos i t  a t  F i sh  
Lake. 

These d e p o s i t s  o c c u r  i n  a  complex s t r a t i g r a p h i c  assemblage o f  1  a t e  
P a l e o z o i c  i s l a n d - a r c  v o l c a n i c  and sed imen ta r y  rocks,  m e t a b a s a l t  of t h e  
T r i a s s i c  N i  k o l a i  Greenstone, Upper T r i a s s i c  and Lower Ju rass ic  l imestone and 
calcareous a r g i l l i t e ,  and Upper Ju rass ic  and Lower Cretaceous vo lcan ic  rocks 
and f l y s c h  o f  t he  Gravina-Nutzot in sequence, p a r t  o f  t h e  Wrangel l i a  t e r r ane  
(Nokleberg and others,  1985) (P la te  1). The o l d e r  p a r t  o f  t h i s  assemblage i s  
i n t r uded  by l a t e  Paleozoic hypabyssal p lutons, and t h e  e n t i r e  assembla e  i s  
i n t r u d e d  by J u r a s s i c  and Cre taceous  g r a n i t i c  p l u t o n s  ( R i c h t e r ,  7975; 
MacKevett, 1978; Nokleberg and others,  1985). The metal logenes is  and t e c t o n i c  
h i s t o r y  o f  t h i s  p a r t  o f  t he  Wrangel l ia  t e r r ane  i s  summarized Nokleberg and 
o thers  (1984) and Nokleberg and Lange (1985). 

Zackly Cu-Au Deposi t  
By Rainer J. Newberry and C l i n t  R. Nauman 

The Z a c k l y  Cu-Au s k a r n  d e p o s i t  ( T a b l e  1, P l a t e  1 )  c o n s i s t s  o f  
d isseminated cha lcopyr i te ,  bo rn i  te, p y r i t e ,  and go ld  i n  a  zone o f  andrad i te  
garnet-pyroxene skarn and s u l f i d e  bodies i n  Late T r i a s s i c  marble ad jacent  t o  
a l b i t i z e d  Cretaceous quar tz  monzondior i te.  The zone i s  about 650 m l o n  and 30 9 m wide. G o l d  occu rs  o n l y  i n  ska rn ,  w i t h  h i g h e r  Au g rades  ma in  y  i n  a  



supergene(?) assemblage of malachite, 1  imoni te, chalcedony, and n a t i v e  Cu. 
Gold occurs on l y  i n  skarn. A general  zoning occurs from the  p l u ton  t o  skarn 
and cons i s t s  of: (1)  brown garnet  w i t h  cha lcopyr i te ;  (2 )  green garnet  w i t h  
bo rn i  t e  and cha lcopyr i te ;  and (3 )  c l  inopyroxene and wol l a s t o n i  te;  and (4 )  
marble w i t h  magnet i te and born i  te .  The depos i t  conta ins an est imated 1.25 
m i l l i o n  tonnes grad ing 1.6% Cu and 6 g/t Au. 

Denal i CU-Aq, Kath l  een-Marqaret & Rai n,y Creek Cu-Aq, and 
Rainbow Mountain & Deposits 

The Denal i  Cu-Ag depos i t  (Table 1, P l a t e  1) cons is ts  o f  s t r a t i f o r m  bodies 
o f  very  f i n e  gra ined and th in - layered  cha l copy r i t e  and minor p y r i t e  i n  t h i n -  
bedded, shaley, cabonaceous, and calcareous a r  i l l i t e  enclosed i n  t he  Upper 
T r i a s s i c  N i k o l a i  Greenstone i n  a  zone as mu=\ as 166 m l o n g  and 9 m wide 
(Stevens, 1971, Seraphim, 1975). The s u l f i d e s  are t y p i c a l  l y  r h y t h m i c a l l y  
layered. The a r g i l l i t e  and greenstone are l o c a l l y  moderately fo lded  and a re  
metamorphosed a t  the  lower greenschis t  facies. The depos i t  i s  c l a s s i f i e d  as a 
Besshi ( ? )  massive s u l f i d e  deposi t ,  a l though i t  d i f f e r s  from Besshi depos i ts  i n  
having a very  low Fe s u l f i d e  content. The depos i t  was most l i k e l y  t h a t  formed 
i n  a  reducing o r  eux in i c  marine bas in  created by abundant organic  mat te r  and 
su l f a te  reduc ing b a c t e r i a  i n  a  submarine vo lcan ic  environment. 

The Kathleen-Margaret Cu-Ag ve in  depos i t  (Table 1, P l a t e  1 )  cons is ts  of a 
se r i es  o f  quar tz  veins, as much as 140 rn long and 3 rn wide, w i t h  disseminated 
t o  l o c a l l y  .massive cha lcopyr i te ,  bo rn i  te, and malachi te  (MacKevett, 1965) i n  
the Upper T r i a s s i c  N i k o l a i  Greenstone. The depos i t  i s  i n t e r p r e t e d  t o  have 
fo rmed d u r i n g  t h e  wan ing  s tages  o f  C r e t a c e o u s ( ? )  g r e e n s c h i s t - f a c i e s  
metamorphism and weak deformat ion o f  t he  N i k o l a i  Greenstone (Nokleberg and 
others, 1984). 

The Ra iny  Creek Cu-Ag ska rn  d e p o s i t  (Tab le  1, P l a t e  1 )  c o n s i s t s  o f  
disseminated t o  small masses o f  cha lcopyr i te ,  born i te ,  minor spha le r i te ,  
galena, magnetite, secondary Cu-minerals, and sparse go ld  i n  a zone of garnet-  
pyroxene skarn. The skarns are i n  a b e l t  about 10 km long and as much as 5 km 
wide and a re  hosted i n  f au l t ed  lenses o f  marble ad jacent  t o  l a t e  Paleozoic(?)  
metagabbro, metad iabase,  and metaandesi  t e  t o  metadaci  t e  t h a t  form s m a l l  
hypabyssal i n t r us i ons ,  d i  kes, and s i  11 s  (Nokleberg and others, 1984). 

The Rainbow M o u n t a i n  p o r p h y r y  Cu d e p o s i t  ( T a b l e  1 )  c o n s i s t s  o f  a 
d i s c o n t i n u o u s  zone  o f  s u b v o l c a n i c  p o r p h y r y  i n t r u s i o n s  t h a t  c o n t a i n  
disseminated g ra ins  and small masses o f  cha l copy r i t e  and p y r i t e  and minor 
s p h a l e r i t e  and galena. The subvolcanic porphyry i n t r u s i o n s  are i n  a  zone about 
6 km l o n g  a l o n g  s t r i k e  and as much as 1 krn wide; t h e y  o c c u r  as s m a l l  
hypabyssal piutons, dikes, and s i  1  ls, are hydrothermal l y  a1 tered, and i n t r u d e  
1 a t e  Paleozoic metaandesi t e  t o  metadaci t e  submarine vo lcan ic  and sedimentary 
r o c k s  (Nok lebe rg  and o t h e r s ,  1985) .  The Ra iny  Creek Cu-Ag s k a r n  and t h e  
Rainbow Mountain porphyry Cu deposi ts  are probably magmatism-related depos i ts  
formed du r i ng  l a t e  Paleozoic i s l a n d  arc  volcanism (Nokleberg and others,  
1984). 





galena, and sphal e r i  t e  are extremely rare.  Secondary ma1 achi  t e  and a z u r i t e  
a l so  are present  l o c a l  1y. About 544 m i l  l i o n  kg Cu, and 279 m i l  1  i o n  g Ag were 
produced from 4.4 m i  11 i o n  tonnes o f  o re  from about 1913 t o  1938. More than 96 
km of underground workings were developed. The b a s a l t i c  Cu depos i ts  i n  the  
Kennecott d i s t r i c t  are i n t e r p r e t e d  by Armstrong and MacKevett (1  982) as having 
formed through d e r i v a t i o n  o f  Cu from the  underlySing N i k o l a i  Greenstone, and 
depos i t i on  by oxygenated groundwater along dolomi t i  c sabhka i n t e r f a c e s  and as 
open-space f i  11 i n g s  i n  f o s s i l  k a r s t s  i n  t h e  l o w e r  p a r t  o f  t h e  o v e r l y i n g  
Chi t i s t o n e  Limestone. The age o f  depos i t i on  i s  i n t e r p r e t e d  t o  be Late T r i a s s i c  
w i t h  poss ib l e  l a t e r  remob i l i za t ion .  

W i  1  low Creek D i s t r i c t ,  Tal  keetna Mountains 

Au quar tz  ve in  deposi ts  i n  the  Wil low Creek d i s t r i c t  (Table 1, P la te  1 )  
cons i s t  of a  se r i es  o f  quar tz  ve ins w i t h  p y r i t e ,  cha lcopyr i te ,  magnetite, and 
gold, and m i  nor arsenopyr i  te, spha le r i  te,  t e t r a h e d r i  te, and galena (Ray, 
1954). Average grade ranges from about 17.2 t o  68.6 g / t  Au. About 18.4 m i  1  l i o n  
g go ld  were produced from 1909 t o  1950. The ve ins average about 0.3 t o  1  mm 
t h i ck ,  a re  l o c a l l y  as much as 2 m t h i ck ,  and occupy east-northeast-  and nor th-  
sou th -s t r i k i ng  shear zones as much as 7 m wide. Wal l rock a l t e r a t i o n  along the  
ve ins cons i s t s  o f  s e r i c i t e ,  p y r i t e ,  carbonate, and c h l o r i t e .  C lay- r ich f a u l t  
gouge i s  l o c a l l y  abundant along the  margins o f  the  veins and shear zones. The 
ve ins are i n  and along the  margin o f  t h e  e a r l y  T e r t i a r y  g r a n i t i c  rocks o f  t he  
Talkeetna Mountains b a t h o l i t h  and l o c a l l y  a l so  i n  ad jacent  mica sch is t .  The 
main p a r t  o f  the  d i s t r i c t ,  which inc ludes severa l  mines and many prospects, 
occupies an area about 12.8 km long and 6.2 km wide along the  southern margin 
of t he  b a t h o l i t h .  Underground workings a re  est imated t o  t o t a l  several  thousand 
m. Near ly  continuous mining and development has occurred from about 1909 t o  
t he  present. 

Chromite and Ni-Cu Deposits, Kodiak Is land, Kenai Peninsula, and 
Northern Chugach Mountains 

A be1 t o f  p o d i f o r m  c h r o m i t e  d e p o s i t s  o c c u r s  i n  s o u t h e r n  A laska  on  
nor thern  Kodiak Is land, on the  Kenai Peninsula, and along the  nor thern  f l a n k  
of the  Chugach Mountains a t  H a l i b u t  Bay, Claim Point ,  Red Mountain (descr ibed 
below), and Bernard and Dust Mountains (Table 1, P l a t e  1). A gabbroic Ni-Cu 
depos i t  occurs a t  S p i r i t  Mountain. The podi form chromite deposi ts  are present  
along a s t r i k e  d is tance  of over  425 km (P la te  1 )  i n  t he  Jurass ic  o r  o lder ,  
i n f o rma l l y  named Border Ranges u l t r a m a f i c  and maf ic  complex o f  Burns (1984)- a 
b e l t  o f  u l t r a m a f i c  t a c t o n i t e s  and cumulate gabbros and n o r i t e s  t h a t  extend f o r  
1,000 km i n  sou the rn  A l a s k a  around t h e  g r e a t  o r o c l i n a l  warp o f  s o u t h e r n  
Alaska, ad jacent  t o  and no r th  o f  t he  Border Ranges f a u l t  system (MacKevett and 
Plafker,  1974: Burns, 1985). The u l t r a m a f i c  and maf ic  rocks are i n t e r p r e t e d  as 
t he  r o o t s  t o  a Jurass ic  i s l a n d  a rc  (Burns, 1985; P l a f k e r  and others, 1985), 
and they form the  southern margin o f  t he  Peninsular  t e r rane  (P la te  1). A t  the  
eastern end o f  the  b e l t  o f  podi form chromi te  deposi ts  i s  a minor gabbroic N i -  
Cu depos i t  a t  S p i r i t  Mountain (Table 1, P l a t e  1 ). Th is  depos i t  cons is ts  o f  Fe 
su l f i des ,  pen t land i  te, chalcopyr i te ,  and minor b ravo i  t e  and spha le r i  t e  i n  
small lenses and d isseminat ions i n  serpen t in ized  u l t r a m a f i c  rocks i n  gabbro 
s i l l s  t h a t  i n t r u d e  l a t e  Palezoic  l imestone, t u f f ,  and cher t .  The u l t ramaf ic  
and mafic rocks a t  t h i s  depos i t  may be p a r t  of the  d i s t a l ,  eastern end o f  t he  
Border Ranges u l t r ama f i c  and maf ic  complex. 



Red - Mountain Chromi t e  Deposi t 

The Red Mountain depos i t  cons i s t s  o f  l a ye rs  and lenses of chromi te  as 
much as a  few hundred m long and 60 m wide i n  areas as long as severa l  hundred 
m. (Gui ld,  1942). The major chromi te  l a y e r  i s  about 190 m long and up t o  0.3 m 
wjde.  The c h r o m i t e  l a y e r s  a r e  i n  M i d d l e  J u r a s s i c  o r  o l d e r  l a y e r e d  d u n i t e  
t e c t o n i  t e  w i t h  m i  nor  1  esser wehr l  i t e  and c l  i nopyroxeni te;  t he  u l  tramaf i c rocks 
a re  l o c a l  1 y  ex tens i ve l y  se rpen t i  n i  zed. The depos i t  conta ins an est imated 
87,000 tonnes averaging 25 t o  43% Cr203. i n c l u d i n g  nea r l y  2.0 m i l l i o n  tonnes 
i n  t h e  i n f o r m a l l y  named T u r n e r  s t r i n g e r  zone ( F o l e y  and o t h e r s ,  1985). 
Approximately 36,700 tonnes of high-grade chromi t e  o re  was produced from s i x  
layers  i n  t he  depos i t .  The u l t r a m a f i c  and associated rocks a t  Red Mountain may 
be cumulate igneous rocks t h a t  formed i n  t h e  basal  p a r t s  o f  an i s l a n d  arc, 
w i t h  subsequent pene t ra t i ve  deformat ion and high-grade metamorphism (Burns, 
1984). Sporadic e x p l o r a t i o n  and development has occurred from about 1919 t o  
t h e  p r e s e n t .  To ' l the  sou th ,  t h e  u l t r a m a f i c  r o c k s  a r e  f a u l t e d  a g a i n s t  t h e  
metagraywacke and a r g i l l i t e  o f  t h e  Valdez Group of t he  Chugach ter rane.  

Au Vein Deposits, Kodiak Is land, Southeast Kenai Peninsula, and 
Southern Chugach Mountains 

An a r e a l l y  ex tens ive  s u i t e  o f  Au quar tz  ve i n  depos i t s  o f  smal l  tonnage 
bu t  l o c a l l y  h i g h  grade is present  on Kodiak Is land,  on t he  southeast Kenai 
Peninsula, and i n  t he  southern Chugach Mountains (Table 1, P l a t e  1). The major 
depos i t s  i nc l ude  t he  Alaska Oracle, Chale t  Mountain, Cliff, Crown Point ,  
G i  l p a t r i c k ,  Gold Kings, Grani te,  Jewel, Kenai-Alaska, Lucky S t r i ke ,  Minera l  
King, Monarch, and those i n  t h e  Nuka Bay d i s t r i c t  a t  Nualaska, Lost  Creek, 
Alaska H i l l s ,  and Ramsay-Rutherford. 

On t he  mainland, t he  Au quar tz  ve i n  and massive s u l f i d e  depos i ts  occur i n  
t he  Upper Cretaceous Valdez Group, which cons i s t s  o f  complexly fo lded and 
weakly metamorphosed metagraywacke and a r g i  11 i te, l o c a l  l y  i n t e r l e a v e d  w i t h  
p i l l o w  basa l t ,  b a s a l t i c  t u f f ,  and maf ic  p lu tons  (Wink ler  and others, 1981a, 
b). Undeformed, narrow, e a r l y  T e r t i a r y  g ranod io r i  t e  and d i o r i  t e  d i  kes and 
p lu tons  l o c a l l y  i n t r u d e  t he  h i g h l y  deformed Valdez Group. The 1 i t h o l o g i c a l  l y  
s imi  1  ar, bu t  l e ss  metamorphosed Kodiak Formation hosts Au quar tz  ve i n  depos i t s  
on Kodiak Is land.  The Valdez Group and Kodiak Formation a re  p a r t s  o f  a  f l y sch  
sequence depos i ted on oceanic c r u s t  (P l a f ke r  and others, 1985), and form the  
southern p a r t  o f  t he  Chugach t e r rane  (P la te  1  ). 

The Au quar tz  ve i n  depos i t s  a re  gene ra l l y  small, bu t  h igh  grade; most 
mines c o n t a i n  a maximum o f  a  few hundred m o f  underg round  wo rk i ngs .  The 
l a r g e s t  deposi t ,  a t  C l i f f ,  produced about 1.6 m i l l i o n  g Au. The go ld  t y p i c a l l y  
o c c u r s  i n  q u a r t z  and m i n o r  c a r b o n a t e  f i s s u r e  v e i n s  w i t h  m i n o r  p y r i t e ,  
p y r r h o t i t e ,  arsenopyr i  te, cha lcopyr i te ,  galena, s t i  bn i te ,  and spha le r i  te .  
S u l f i d e s  compose a t  t he  most a  few percent  of t he  veins. The ve ins range up t o  
several  hundred m long and a few m wide, w i t h  average grades from 34.3 t o  64.8 
g / t  Au. The ve ins gene ra l l y  occur i n  metagraywacke and a r g i l l i t e  and l ess  
o f t en  i n  e a r l y  T e r t i a r y  d i o r i t e  and g r a n o d i o r i t e  dikes. 

The Au q u a r t z  v e i n  d e p o s i t s  g e n e r a l l y  o c c u r  i n  t h e  younger  o f  two  
g e n e r a t i o n s  of q u a r t z  f i s s u r e  v e i n s  i n  t h e  Va ldez  Group ( R i c h t e r ,  1970; 
Goldfarb and others,  1986). The o l de r  and most ly  barren ve ins a re  gene ra l l y  
subpa ra l l e l  t o  t h e  dominant s c h i s t o s i t y  and para1 l e l  a x i a l  planes o f  minor and 
major f o l ds .  The i r  s t r i k e  va r i es  from northwest i n  the  east  t o  nor theas t  i n  
t h e  west.  The younger  ve ins ,  l o c a l l y  g o l d  bea r i ng ,  o c c u r  i n  a  s e r i e s  o f  



tens iona l  cross j o i n t s  o r  f r a c t u r e s  t h a t  are normal t o  the  o l d e r  quar tz  ve ins 
and the  p a r a l l e l  s t ruc tu res .  The s t r i k e  o f  t he  younger s e t  o f  quar tz  ve ins 
also. va r i es  from northwest i n  t he  eastern p a r t  o f  t he  reg ion  t o  nor theast  i n  
t h e  wes te rn  p a r t  o f  t h e  r e g i o n .  B o t h  s e t s  o f  q u a r t z  v e i n s  g e n e r a l l y  d i p  
s teep ly  t o  v e r t i c a l l y .  The Au quar tz  ve in  deposi ts  o f  the  Chugach te r rane  
probably formed dur ing  a  widespread hydrothermal event t h a t  occurred i n  t he  
waning stage o f  an e a r l y  T e r t i a r y  pe r i od  o f  low-grade greenschis t  fac ies 
reg iona l  metamorphism, in tense  deformation, and g r a n i t i c  p lu ton ism (Goldfarb 
and others,  1986). 

Massive S u l f i d e  Deposits, P r ince  W i l l i am  Sound D i s t r i c t ,  
Chugach Mountains 

Besshi and Cyprus massive s u l f i d e  deposi ts  are  present  i n  the  Pr ince  
W i l l i am  Sound d i s t r i c t  along the  eastern and nor thern  margins o f  t h e  Gu l f  o f  
Alaska a t  Beatson, Copper Bu l l i on ,  Ellamar, Fidalgo-Alaska, Knight  Is land,  
Latouche, Midas, Pandora, Standard Copper, and Threernan (Table 1, P l a t e  1). 
The Midas depos i t  occurs t o  the  north,  i n  t he  southern p a r t  of the  Valdez 
Group; the  o the r  deposi ts  are i n  the  Orca Group. Most of t he  deposi ts  a re  
c l a s s i f i e d  as sediment-hosted Besshi massive s u l f i d e  deposi ts;  t he  basal t- 
hosted deposi ts  a t  Knight  Is land,  Rua Cove, Standard Copper, and Threernan a re  
c l a s s i f i e d  as Cyprus massive s u l f i d e  deposi ts  (Table 1). The Orca Group t h a t  
hosts  most o f  the depos i ts  cons i s t s  of a s t r o n g l y  deformed, t h i c k  assemblage 
of Paleocene and Eocene(?) graywacke, a r g i  11 i te, minor conglomerate, p i  1  low 
basal t ,  b a s a l t i c  t u f f ,  s i l l s ,  and d ikes  (Winkler and Plafker ,  1981). p a r t  o f  
t h e  P r i n c e  W i l  l i a m  t e r r a n e  ( P l a t e  1 ). A few gabbro p l u t o n s  and l o c a l l y  
abundant younger, e a r l y  T e r t i a r y  d i o r i  te, g ranod io r i  te, and g r a n i t e  d i  kes and 
p l u t o n s  i n t r u d e  t h e  Orca  Group. The p l u t o n i c  r o c k s  a r e  i n  p a r t  i n t e n s e l y  
deformed. 

Midas Cu-Aq-Au Deposi t  - 
By Steven H. Nelson 

The Midas d e p o s i t  c o n s i s t s  o f  d i s s e m i n a t e d  t o  massive, s t r a t i f o r m  
cha lcopyr i te ,  p y r i t e ,  py r rho t i t e ,  spha le r i te ,  and minor galena i n  a folded, 
lens-shaped body as much as 7 m t h i c k  and 300 m long ( M o f f i t  and Fellows, 
1950; Rose, 1965; Jansons and others, 1984). Margins a f  t he  o re  body e x h i b i t  
post-deposi t i o n a l  shearing. P i  1  l a r s  i n  t h e  main stope show s u l f i d e  l aye rs  and 
f o l d s  t h a t  are p a r a l l e l  t o  beds and f o l d s  i n  t he  hos t  sedimentary rocks. The 
ore body occurs i n  h i g h l y  deformed p h y l l i t e  and metagraywacke of t he  Upper 
Cretaceous Valdez Group. Volcanic rocks have no t  been recognized i n  the  mine, 
bu t  they  crop ou t  w i t h i n  a  few hundred m o f  the  o re  body i n  the  f oo twa l l .  
Unmineralized t o  weakly m inera l i zed  quar tz  stockwork i n  t he  f o o t w a l l  cou ld  be 
the  feeder system f o r  the main ore body. P y r i t e  i s  gene ra l l y  c r y s t a l l i n e  and 
u s u a l l y  subhed ra l ,  and i s  e n c l o s e d  i n  a m a t r i x  o f  younger  c h a l c o p y r i t e ,  
spha le r i  te, p y r r h o t i l e ,  and quartz.  S i  1  iceous ( che r t? )  beds are r e s t r i c t e d  t o  
l a y e r s  w i t h i n  t h e  o r e  body. The d e p o s i t ,  c l a s s i f i e d  as a  Besshi  mass ive  
s u l f i d e  deposi t ,  produced 1.54 m i  i l i o n  kg Cu, 471,000 g Ag, and 78,900 g Au 
from 44,800 tonnes o f  ore, making i t  the  f o u r t h  l a r g e s t  producer o f  Cu i n  the  
Pr ince W i  11 iam Sound d i s t r i c t .  The depos i t  conta ins an est imated 56,200 tonnes 
o f  o re  g rad ing  1.6% Cu. 



Latouche Beatson Cu-Ag Deposi ts 

The Latouche and Beatson depos i t s  c o n s i s t  o f  two l a r g e  and severa l  smal l  
depos i t s  i n  a zone of massive s u l f i d e  lenses and d isseminat ions (Johnson, 
1915; Jansons and others,  1984). The s u l f i d e s  a re  ma in ly  p y r i t e  and p y r r h o t i t e  
w i t h  minor cha lcopyr i te ,  cubani te ,  spha le r i  te ,  galena, s i l v e r ,  and gold. The 
common gangue minera ls  a re  quartz,  s e r i c i t e ,  and anker i te .  The two depos i t s  
c o l l e c t i v e l y  produced more than 84.4 m i l l i o n  kg Cu from about 4.5 m i l l i o n  
tonnes of o re  grad ing about 1.7% Cu and 9.3 g/t Ag. The depos i t s  a re  i n  a zone 
as much as 120 m t h i c k  and 300 m long along s t r i k e .  The depos i t s  occur i n  a 
f a u l t  zone ad jacent  t o  metagraywacke and a r g i l l i t e  and a re  c l a s s i f i e d  as 
Besshi massive s u l f i d e  deposi ts.  

LODE DEPOSITS - SOUTHEASTERN ALASKA 

Southeastern Alaska con ta i  ns va r i ed  and complex geology. Sedimentary and 
vo lcan ic  rocks range i n  age from Ordov ic ian t o  Holocene and were i n t r uded  and 
deformed through a wide span of t ime. Most, bu t  no t  a l l ,  o f  the  i n t r us i on ,  
metamorphism, and deformat ion occurred i n  t he  Mesozoic and Cenozoic. I n  t h i s  
paper, southeastern A1 aska i s  d i v i d e d  i n t o  th ree  north-northwest- t rendi  ng 
regions, t h e  Coast Mountai ns region, c e n t r a l  southeastern A1 as ka, and coasta 1 
southeastern Alaska (P la te  1). The Coast Mountains r eg ion  cons is ts  o f  t he  
in formal  1 y named Coast p l  u t o n i  c-metamorphi c complex o f  Brew and Ford (1984a, 
b) ,  w h i c h  i s  a p p r o x i m a t e l y  e q u i v a l e n t ,  f r o m  e a s t  t o  west, t o  p a r t  o f  t h e  
S t i k i n i a ,  t e r r ane to  a l l  o f  t h e  Tracy A r m  and Taku terranes, and t o  p a r t  o f  t h e  
Gravi  na-Nutzotin be1 t (Monger and Berg, 1987). Cent ra l  southeastern A1 as ka 
cons i s t s  o f  t he  Alexander b e l t  (Brew and others, 1984), which i s  approximately 
e q u i v a l e n t  t o  t h e  A lexande r  t e r r a n e  (Monger and Berg,  1987).  C o a s t a l  
southeastern Alaska cons i s t s  o f  t he  Kelp Bay Group and s i m i l a r  unnamed rocks, 
p a r t  of t h e  Wrangel l i a  t e r r a n e  (Monger and Berg,  19871, and t h e  S i t k a  
Graywacke and s i m i l a r  unnamed rocks, p a r t  o f  t h e  Chugach t e r rane  (Monger and 
Berg, 1987). 

Corresponding t o  t h e  complex geology o f  t h e  reg ion  a re  a complex v a r i e t y  
o f  lode depos i ts .  The Coast Mountains r eg ion  conta ins ex tens ive  s u i t e s  o f  Au 
quar tz  vein,  metamorphosed su l f i de ,  and zoned mafi c-ul t r ama f i c  deposits, a 
s u i t e  o f  Fe s k a r n  and p o r p h y r y  Mo d e p o s i t s ,  and a Bessh i  mass ive  s u l f i d e  
depos i t .  Cent ra l  southeastern Alaska conta ins ex tens ive  s u i t e s  o f  Kuroko 
massive s u l f i d e  and bedded b a r i t e  deposi ts,  metamorphosed s u l f i d e  deposi ts,  
Cu-Zn-Au-Ag and Fe skarn and porphyry Cu deposi ts,  Au quar tz  ve i n  deposi ts,  
zoned maf i c - u l t r a m a f i  c d e p o s i t s ,  a g a b b r o i c  Ni-Cu d e p o s i t ,  and a f e l s i c  
p l u t o n i c  U and a sandstone U depos i t .  Coastal southeastern Alaska con ta ins  
s u i t e s  o f  Au q u a r t z  v e i n  and g a b b r o i c  Ni-Cu d e p o s i t s  and a b a s a l t i c  Cu 
depos i t .  

Coast Mountains Region 

The major lode depos i t s  i n  t he  Coast Mountains reg ion  are: (1  ) Au quar tz  
v e i n  d e p o s i t s :  ( 2 )  metamorphosed s u l f i d e  d e p o s i t s ;  ( 3 )  a Bessh i  mass i ve  
s u l f i d e  d e p o s i t ;  ( 4 )  am Fe s k a r n  d e p o s i t ;  ( 5 )  a zoned m a f i c - u l  t r a m a f i c  
depos i t ;  and ( 6 )  a porphyry Mo deposi t .  



Au Vein Deposits, -- 
Coast Mountains Region - 

Au quar tz  ve in  deposi ts  are present  i n  t he  Coast Mountains Region a t  
Jual  in, Kensington, Alaska-Juneau, Treadwell,  Sumdum Chief, Riverside, Gold 
Standard, Sea Level, and Goldstream (Table 1, P la te  1). These deposi ts  a re  
widespread and occur along a s t r i k e  l eng th  o f  300 km (P la te  1). Most depos i ts  
are i n  t he  Juneau go ld  b e l t  t o  t h e  north, bu t  a few are i n  an unnamed c l u s t e r  
t o  the  south (P la te  1). I n  t he  Juneau go ld  be l t ,  t he  depos i ts  most ly  occur i n  
the  western metamorphic zone, west o f  t he  f o l i a t e d  t o n a l i t e  o f  t he  i n f o r m a l l y  
named Coast p l  utonic-metamorphic complex o f  Brew and Ford (1  984a, b), main ly  
i n  metased imenta ry  and m e t a v o l c a n i c  r o c k s  o f  t h e  Taku t e r r a n e  ( J u a l i n ,  
Kensington, A1 aska-Juneau, Sumdum Chief ,  and Sea Level deposi ts) .  A l esse r  
number are i n  f l y s c h  o f  the Gravina-Nutzotin be1 t (Treadwell,  Gold Standard, 
and Go lds t ream d e p o s i t s )  (Be rg  and o t h e r s ,  1972; Monger and Berg, 1987) 
(P la te  1 ). The depos i t  a t  R ivers ide  i s  i n  the  eastern metamorphic zone o f  t h e  
Coast plutonic-metamorphic complex, p a r t  o f  t he  S t i  k i n i a  t e r rane  (P la te  1 ). 

Subs tan t ia l  go ld  has been produced from these deposi ts:  108 m i l l i o n  g 
from the  Alaska-Juneau, 90.1 m i l l i o n  g f rom the  Treadwell,  and 746,000 g each 
of Au and Ag from the  Sumdum Chief .  The Au quar tz  ve in  deposi ts  i n  t he  western 
p a r t  o f  t h e  Coast  Mounta ins  r e g i o n ,  wes t  o f  t h e  f o l i a t e d  t o n a l i t e  s i l l ,  
p r o b a b l y  formed d u r i n g  low-grade r e g i o n a l  metamorphism and subsequent  
i n t r u s i o n  o f  in te rmed ia te  and f e l s i c  postdeformat ional  T e r t i a r y  p lu tons.  F l u i d  
i n c l u s i o n  s tud ies  a t  the  Alaska-Juneau depos i t  i n d i c a t e  t h a t  t he  go ld  was 
deposi ted from deep-seated hydrothermal f l u i d s  i n  f a u l t  zones a t  temperatures 
g r e a t e r  t h a n  230 OC and p r e s s u r e s  exceed ing  1.5 k i l o b a r s ,  and t h a t  i t s  
depos i t i on  was accompanied by in tense  a1 t e r a t i o n  and h y d r o f r a c t u r i  ng of t he  
hos t  rocks (Goldfarb and others,  1986). 

Alaska-Juneau Au Deposi t  

The Alaska-Juneau deposi t  (Table 1, P l a t e  1 ) cons is ts  of qua r t z - ca l c i t e  
v e i n s ,  a  f e w  cm t o  1 m t h i c k ,  w i t h  s p a r s e  g o l d ,  p y r i t e ,  p y r r h o t i t e ,  
arsenopyr i  te,  galena, spha le r i  te, cha lcopyr i te ,  and s i  l v e r  (Spencer, 1906; 
Twenhofel, 1952; Wayland, 1960; Herreid,  1962). The s u l f i d e  minera ls  a l so  are 
present i n  adjacent, a l t e r e d  metamorphic rocks. The ve in  system i s  about 5.6 
km long and as much as 600 m wide and cons is ts  o f  a  se r i es  o f  semiparal l e l  
quartz-carbonate s t r i n g e r s  i n  p h y l l i t e  and s c h i s t  near the  con tac t  between the  
Upper T r i  a s s i c  Perseverance  S l a t e ,  and amphibol  i t e  d e r i v e d  f r om l a t e ( ? )  
Mesozoic gabbro d ikes  and s i l l s ,  the  Gastineau Volcanic Group o f  Permian and 
( o r )  Late T r i a s s i c  age. The depos i t  produced about 108 m i l l i o n  g Au, 59.1 
m i l l i o n  g Ag, and 21.8 m i l l i o n  kg Pb from about 80.3 m i l l i o n  tonnes o f  ore. 
The mine conta ins a few hundred m o f  underground workings. 

Treadwell Au Deposi t  

The T r e a d w e l l  d e p o s i t  c o n s i s t s  o f  an e x t e n s i v e  system of q u a r t z  and 
q u a r t z - c a l c i t e  rep lacements  and v e i n s  w i t h  go ld ,  p y r i t e ,  magnet i te ,  
molybdeni te ,  cha lcopyr i te ,  galena, spha le r i  te, and t e t r a h e d r i  t e  (Spencer, 
1905; Buddington and Chapin, 1929; Twenhofel, 1952). The rep1 acements and 
ve ins are i n  a sha t te red  and a l t e r e d  g r a n i t i c  s i l l  i n  s l a t e  and greenstone. 
Minor amounts o f  disseminated go ld  and s u l f i d e s  occur i n  s l a t e  i nc l us i ons  i n  
t he  s i l l  and i n  adjacent wal l rock.  The s i l l  system i s  a t  l e a s t  1,100 m long 
and extends from a few hundred m above sea l e v e l  t o  almost 1,000 m below the  



sur face of t he  Gastineau Channel. About 101 m i  11 i o n  g Au was produced from 25 
m i l l i o n  tonnes o f  ore. 

Sumdum Ch ie f  Au Deposi t  

The Surndum Ch ie f  depos i t  cons i s t s  o f  two quar tz -ca lc i  t e  f i s s u r e  ve ins 
w i t h  go ld ,  a u r i f e r o u s  p y r i t e ,  ga lena ,  s p h a l e r i t e ,  c h a l c o p y r i t e ,  and 
arsenopyr i  t e  (Spencer, 1906; Brew and Grybeck, 1984; Kimbal l  and others, 
1984). Gold i s  d i s t r i b u t e d  unevenly and occurs main ly  i n  pockets where smal l  
ve ins i n t e r s e c t  l a r g e  veins. The ve ins a re  as much as 6 m t h i c k ,  and are i n  
Paleozoic o r  Mesozoic g r a p h i t i c  s l a t e  and marble. About 746,000 g each of Au 
and Ag was produced. 

Metamorphosed S u l f i d e  Deposits, 
Coast Mountains Region - 

Metamorphosed s u l f i d e  depos i t s  a re  present  i n  t he  Coast Mountains r eg ion  
a t  Swee thea r t  Ridge, Surndum ( d e s c r i b e d  be low) ,  Groundhog Bas in ,  A1 amo, 
Mahoney,  M o t h  Bay, R e l i a n c e ,  and Red R i v e r  ( T a b l e  1, P l a t e  1 ) .  The 
metamorphosed s u l f i d e  depos i t s  a re  widespread and occur along a s t r i  ke l eng th  
of about 300 km ( P l a t e  1). The depos i t s  c o n s i s t  o f  stratabound, massive t o  
d i s s e m i  n a t e d  s u l f i d e s  h o s t e d  i n  m o d e r a t e l y  t o  h i g h l y  metamorphosed and 
deformed vo lcan ic  and sedimentary rocks. O r i g i n a l  o r  p r imary  fea tu res  o f  t h e  
depos i t s  have been so obscured by metamorphism and deformat ion as t o  prec lude 
c l a s s i f i c a t j o n  i n t o  a more s p e c i f i c  depos i t  type. Some o f  t he  depos i t s  may be 

metamorphosed Kuroko massive s u l f i d e  deposi ts,  as i nd i ca ted  by h i gh  Pb and Ag 
values and t h e  presence o f  metamorphosed f e l s i c  vo lcan ic  rocks, A l l  bu t  one of 
t he  depos i t s  a re  i n  t he  western metamorphic zone o f  t he  i n f o r m a l l y  named 
Coast plutonic-metamorphic complex of Brew and Ford (1984a, b ) ,  west  o f  t h e  
f o l i a t e d  t o n a l i t e  s i l l ,  i n  t h e  Taku t e r r a n e  ( P l a t e  1). The Red R i ve r  depos i t  
i s  i n  t h e  c e n t r a l  p a r t  o f  t he  i n f o r m a l l y  named Coast plutonic-metamorphic 
complex i n  t he  Tracy A r m  t e r r ane  (P la te  1 ). 

Subs tan t ia l  amounts o f  Cu, Pb, Zn, and Ag are present  i n  these depos i ts .  
The Groundhog Basin deposi t ,  which conta ins an est imated severa l  hundred 
thousand tonnes grad ing 8% Zn, 1.5% Pb, and 51.5 g / t  Ag (Table I ) ,  cons i s t s  o f  
disseminated t o  massive p y r r h o t i  te, spha le r i  te,  subord inate magnetite, galena, 
p y r i t e ,  and t races  of c h a l c o p y r i t e  i n  severa l  t a b u l a r  o r  l e n t i c u l a r  zones as 
much as 1 m t h i c k  i n  l a t e  Paleozoic o r  Mesozoic c a l c - s i l i c a t e  gneiss, quartz-  
fe ldspar  gneiss, and hornblende gneiss. The Moth Bay depos i t  conta ins an 
est imated 90,700 tonnes grad ing 7.5% Zn and 1% Cu and an a d d i t i o n a l  est imated 
181,400 tonnes  g r a d i n g  4.5% Zn and 0.75% Cu. T h i s  d e p o s i t  c o n s i s t s  o f  
d i s c o n t i n u o u s  l e n s e s  and l a y e r s  o f  mass ive  p y r i t e ,  p y r r h o t i t e ,  m i n o r  
cha lcopyr i te ,  and minor galena i n  l a t e  Paleozoic o r  Mesozoic muscovite-quartz- 
c a l c i t e  sch is t ,  minor p e l i t i c  sch is t ,  and quar tz- fe ldspar  sch i s t .  

Sumdum Cu-Zn-Ag Deposi t  

The Sumdum d e p o s i t  c o n s i s t s  o f  mass i ve  l e n s e s  and d i s s e m i n a t i o n s  o f  
p y r r h o t i  te,  p y r i t e ,  cha lcopyr i te ,  spha le r i  te, and l esse r  bo rn i  te, malachi  te l  
azur i te ,  and galena i n  zones as much as 15 m wide (MacKevett and Blake, 1963; 
Brew and Grybeck, 1984; K i m b a l l  and o t h e r s ,  1984) .  The zones o c c u r  i n  
metasedlmentary s c h i s t  and gneiss, main ly  p a r a l l e l  t o  l a y e r i n g  along t h e  c r e s t  
and f l a n k s  o f  i s o c l i n a l  f o l d s ,  b u t  a l s o  i n  c r o s s c u t t i n g  v e i n s  and f a u l t  
b r e c c i a .  On t h e  assump t i on  t h a t  t h e  d e p o s i t  c o n t i n u e s  under  t h e  Sumdum 
Glac ie r ,  i t  i s  est imated t o  con ta in  24.2 m i l l i o n  tonnes grad ing 0.57% Cu, 



0.37% Zn, and 10.3 t o  103 g / t  Ag (Table 1). 

Massive Sul f ide,  Skarn, Zoned Maf ic-Ultramafic,  and 
Porphyry Deposits, Coast Mountains Region 

Four o the r  lode depos i t  types occur i n  the  Coast Mountains region: (1)  A 
Besshi massive s u l f i d e  depos i t  i s  present  a t  Yakima occurs quar tz -ca lc i te -  
s e r i c i t e  s c h i s t  of the  Gravina-Nutzot in be1 t and cons is ts  o f  d i  sseminated 
p y r i t e  and minor galena and s p h a l e r i t e  i n  a  zone 1,600 m long and 90 m wide. 
( 2 )  An Fe s k a r n  d e p o s i t  a t  N o r t h  B r a d f i e l d  Canal occu rs  i n  marb le  and 
paragne i  ss i n t r u d e d  by T e r t i a r y  g r a n i t e  o f  t h e  i n f o r m a l l y  named Coast  
p l u t o n i c - m e t a m o r p h i c  complex o f  Brew and F o r d  (1984a, b) .  T h i s  d e p o s i t  
c o n s i s t s  o f  11 m a g n e t i t e - c h a l c o p y r i t e  s k a r n  bod ies  t h a t  form c r u d e l y  
stratabound lenses i n  marble and paragneiss. The skarn bodies are repor ted  t o  
be as much as 106 m long and 12 m t h i ck .  ( 3 )  A zoned maf ic -u l t ramaf ic  depos i t  
i s  present  a t  Union Bay (descr ibed below) i n  a  zoned Cretaceous u l t r a m a f i c  
p l u t o n  i n t r u d i n g  t he  Gravina-Nutzotin b e l t .  (4) A porphyry Mo depos i t  a t  
Quartz H i l l  ( d e s c r i b e d  be low)  o c c u r s  i n  an O l i g o c e n e  o r  Miocene g r a n i t e  
porphyry i n t r u d i n g  t he  c e n t r a l  g r a n i t i c  b e l t  o f  t he  Coast plutonic-metamorphic 
complex. The Quar tz  H i l l  depos i t  i s  regarded as a world-class Mo porphyry 
depos i t  (Eakins and others, 1985). 

Union Bay Fe-Ti Deposi t  

The Union Bay zoned maf ic -u l t ramaf ic  depos i t  i s  i n  dun i t e  and cons is ts  of 
disseminated magnet i te and chromi te  i n  small, d iscont inuous s t r i n g e r s  of as 
much as a few cm long (Ruckmick and Noble, 1959). The dun i t e  forms a p i pe  and 
l o p o l i t h  i n  the  cen te r  of t he  c o n c e n t r i c a l l y  zoned Union Bay u l t r a m a f i c  p l u ton  
t h a t  i n t r udes  t he  La te  Jurass ic  and E a r l y  Cretaceous f l y sch  of t he  Gravina- 
Nu tzo t i n  b e l t .  A s h e l l  o f  p e r i d o t i t e  encloses the duni te,  and the  p e r i d o t i t e  
i s  i n  t u r n  enclosed by py roxen i te  and hornblende pyroxen i te  t h a t  forms t h e  
per ipher  o f  the  p lu ton.  The depos i t  conta ins an est imated one b i l l i o n  tonnes 
grading 78 t o  20% Fe. Selected samples average 0.093 g / t  P t  and 0.20 g / t  Pd. 
The u l t r a m a f i c  p l u t o n  a t  Union Bay i s  one of a  se r i es  o f  maf i c -u l t ramaf ic  
p l u t o n s ,  o f  p r o b a b l e  100 t o  110 Ma, t h a t  i n t r u d e  a l o n g  t h e  l e n g t h  o f  
southeastern Alaska from Klukwan t o  Duke i s l a n d  (Brew and Ford, 1984a, b). 

Quar tz  H i l l  Mo Deposi t  
By P.R. Smith and J.E. Stephens 

The Quartz H i l l  porphyry Mo deposi t ,  70 km east  o f  Ketch i  kan, Alaska, 
conta ins one o f  t h e  wo r l d ' s  l a r g e s t  concentrat ions o f  molybdenite. Th is  l a r g e  
tonnage depos i t  occurs i n  t he  hypabyssal l a t e  Oligocene o r  e a r l y  Miocene 
i n t r u s i v e  complex of the  i n f o r m a l l y  named Quar tz  H i l l  stock. The stock i s  
roughly  ovo id  i n  shape, approximately 5 km long by 3 km wide, and d i sp lays  
d iscordan t  contacts  w i t h  t he  surrounding paragneiss and p l u t o n i c  rocks of the  
informal ly named Coast plutonic-metamorphic complex o f  Brew and Ford (1  984a, 
b) (Fig. 9). The s tock i s  composed of a  complex s u i t e  o f  f o u r  d i s t i n c t  phases. 
The p r i n c i p a l  rock  u n i t ,  t he  Quar tz  H i l l  g r a n i t e  body, i s  t h e  o l d e s t  and most 
prominant phase, and covers more than 752 o f  t h e  sur face area. The Quar tz  H i  11 
g r a n i t e  body has been i n t r uded  by younger p o r p h y r i t i c  quar tz  l a t i t e ,  younger 
g r a n i t e ,  and d i k e s  o f  q u a r t z  f e l d s p a r  po rphy ry .  I n t r u s i v e  b r e c c i a s  a r e  
associated w i t h  some o f  the younger un i t s .  A l l  o f  t he  rock u n i t s  a re  s i m i l a r  
i n  c h e m i s t r y  and m i n e r a l o g y  and c o n s i s t  o f  q u a r t z ,  K - f e l dspa r ,  sod-ic 
p lag ioc lase,  and minor b i o t i t e .  B i o t i t e  from the  Quar tz  H i l l  g r a n i t e  body has 
been dated a t  26.9 Ma (Hudson and others, 1979). 



The molybdenum d e p o s i t  occu rs  p r e d o m i n a n t l y  i n  t h e  i n f o r m a l l y  named 
Q u a r t z  H i 1  1  s t o c k  and i s  t a b u l a r  t o  s l i g h t l y  concave upward. The s u r f a c e  
dimensions a re  about 2,800 by 1,500 m, and t h e  depos i t  extends t o  a  depth of 
370 t o  500 m (Fig.  9). Two r e l a t i v e l y  high-grade zones occur, t he  Quartz H i l l  
zone, south o f  t he  Stephens f a u l t ,  and t he  Bear Meadow zone, n o r t h  o f  t h e  
Stephens f a u l t .  The depos i t ,  as determined from nea r l y  61,000 m of d r i l l  core, 
con ta ins  an est imated 1.7 b i l l i o n  tonnes grad ing 0.136% MoS , using a c u t o f f  
g rade  of 0.070% MoSZ. W i t h i n  t h e  d e p o s i t ,  a  h i gh -g ra  c? e zone c o n t a i n s  
approx imate ly  440 m i l l i o n  tonnes grad ing 0.219% MoS2 us ing  a cu to f f  grade of 
0.1 5% MoS2. 

Molybdeni t e  and p y r i t e  a re  the  major s u l f i d e s  and occur w i t h  o r  w i t hou t  
quar tz  i n  randomly o r i en ted  ve i  n l e t s  forming a pervas ive and we1 l-developed 
stockwork. The molybdeni te i s  i n  f i n e  g ra i ns  t h a t  range from 0.008 t o  0.09 mm 
i n  diameter. Other su l f i des ,  i n c l u d i n g  galena, spha le r i  te, and cha lcopyr i te ,  
a re  present  l o c a l l y .  Concentrat ions o f  Cu, Pb, Zn, Au, and Ag are a t  o r  near 
background values, both w i t h i n  and pe r i phe ra l  t o  t he  depos i t .  Hydrothermal 
a l t e r a t i o n  o f  t h e  s t o c k  i s  w idesp read  and g e n e r a l l y  o f  weak t o  mode ra te  
i n t e n s i t y .  S i  1  i c i c ,  potassic,  phy l  l i c ,  a r g i l l i c ,  and p r o p y l i t i c  a l t e r a t i o n s  
a re  i d e n t i f i e d ,  bu t  t h e i r  r ecogn i t i on  i s  compl icated by o v e r p r i n t i n g  as a 
r e s u l t  o f  m u l t i p l e  i n t r u s i o n  and associated hydrothermal events. 

Cent ra l  Southeastern Alaska 

The major lode depos i t s  i n  c e n t r a l  southeastern Alaska a re  (Table 1, 
P l a t e  1): (1) Kuroko massive s u l f i d e  depos i ts  a t  G lac i e r  Creek, Orange Point, 
Greens Creek, Pyrola,  Kupreanof Is land, Helen S., Zarembo Is land, Khayyam, 
Niblack,  B a r r i e r  Is lands,  and D r i e s t  Po in t ;  ( 2 )  metamorphosed s u l f i d e  depos i t s  
a t  Cornwal l i s ,  Copper C i t y ,  and Moonshine; ( 3 )  bedded b a r i t e  depos i t s  a t  
Cas t le  I s l a n d  and Lime Poin t ;  (4 )  p o l y m e t a l l i c  ve i n  depos i t s  a t  Nunatak, 
Coronat ion Is land, and Bay View; ( 5 )  Au quar tz-ve in  depos i t s  a t  Reid I n l e t ,  
Dawson, and Golden Fleece; (6)  Cu-Zn-Au skarn depos i ts  a t  Kupreanof Mountaln 
and i n  t h e  Jumbo d i s t r i c t ;  ( 7 )  a Cu-Fe skarn depos i t  a t  Kasaan Peninsula; (8) 
a  porphyry Cu depos i t  a t  Marger ie Glac ier ;  (9 )  a  gabbroic Ni-Cu depos i t  a t  
Funter Bay; (10) zoned maf i c - u l  t r ama f i c  depos i t s  a t  Klukwan, S a l t  Chuck, and 
Duke Is land;  (11) f e l s i c  p l u t o n i c  U depos i t s  a t  W l l l i am  Henry Bay, Salmon Bay, 
and Bokan Mountain; and (12) a sandstone U depos i t  a t  P o r t  Camden. 

These lode depos i t s  a re  hosted i n  t h ree  main groups o f  rocks i n  c e n t r a l  
southeastern Alaska: (1 ) The Paleozoic and e a r l y  Mesozoic rnetasedirnentary, 
metavolcanic, and metap lu ton ic  rocks o f  the  Alexander b e l t  (Brew and others, 
1984);  ( 2 )  v a r i o u s  Mesozo ic  and e a r l y  T e r t i a r y  p l u t o n i c  r o c k s ;  and ( 3 )  
T e r t i a r y  sandstone. The Alexander be1 t, which i s  approx imate ly  equ iva len t  t o  
t he  Alexander t e r r ane  (P la te  I), cons i s t s  ma in ly  o f  Ordov ic ian o r  o l d e r  ( ? )  
carbonate rocks, carbonaceous f l ysch ,  cher t ,  te r r igenous  and marine c l a s t i c  
rocks: Ordov ic ian t o  T r i a s s i c  metamorphosed basal  t i c  t o  s i  1 i c i c  f lows and 
r e l a t e d  v o l c a n i c l a s t i c  r o c k s ;  and O r d o v i c i a n  and S i l u r i a n  d i o r i  t e  and 
t rondhjemi te .  The younger p l u t o n i c  rocks host ing,  o r  associated w i t h  some lode 
d e p o s i t s  i n  t h e  A lexande r  b e l t  c o n s i s t  o f  J u r a s s i c  g r a n i t e ,  C re taceous  
g ranod io r i  te, Mesozoic (mainly Cretaceous) pyroxeni  te, gabbro-nori te,  and 
gabbro, and T e r t i a r y  g ran i te ,  g r a n i t e  porphyry, and f e l s i c  dikes.  



Massive S u l f i d e  -- and B a r i t e  Deposits, Centra l  Southeastern Alaska 

Kuroko massive s u l f i d e  deposi ts  occur a t  G lac ie r  Creek, Orange Point ,  
Greens Creek (descr i  bed below), Pyrola, Kupreanof Is land,  Helen S., Zarembo 
Is land, Khayyam (descr ibed below), N i  b l  ack, B a r r i e r  Is lands, and D r i e s t  Po in t  
i n  c e n t r a l  s o u t h e a s t e r n  A laska  ( T a b l e  1, P l a t e  1). The s m a l l e r  d e p o s i t s  
cons i s t  o f  disseminated t o  massive Fe s u l f i d e s  and base-metal su l f i des  i n  
lenses and l aye rs  as much as about 25 m wide and 170 m long i n  Ordovician, 
S i l u r i an ,  Permian(?), and T r i a s s i c  f e l s i c  t o  in te rmed ia te  flows, tu f f ,  and 
v o l c a n i c l a s t i c  rocks, i n t e r l a y e r e d  w i t h  l imestone, s la te ,  chert ,  and lesser  
g reens tone ,  a1 1 p a r t  o f  t h e  A lexande r  b e l t  ( T a b l e  1 ). These d e p o s i t s  a r e  
spread over 300 km along t he  s t r i k e  leng th  o f  t he  Alexander b e l t .  

Subs tan t ia l  amounts Cu, Pb, Zn, Ag, and Au occur i n  o r  have been produced 
from the  Kuroko massive s u l f i d e  deposi ts  i n  c e n t r a l  southeastern Alaska (Table 
1). The G lac ie r  Creek depos i t  conta ins an est imated minimum 680,000 tonnes 
grad ing as much as 3% combined Cu and Zn and as much as 45% BaSO . The Greens 
Creek depos i t  conta ins an est imated 3.6 m i  1  l i o n  tonnes grad ing 8 f ~ n .  2.7% Pb, 
0.4% Cu, 360 g / t  Ag, and 3.4 g / t  Au. The Khayyam depos i t  produced about 6.4 
m i  11 i o n  kg Cu, 40,100 g Au, and 53,300 g Ag from 205,000 tonnes o f  ore. The 
Nib lack depos i t  produced about 636,000 kg Cu, 34,200 g Au, and 466,500 g Ag. 

Metamorphosed s u l f i d e  depos i ts  i n  carbonate and metavolcanic hos t  rocks 
are present  a t  Cornwall i s ,  Copper C i ty ,  and Moonshine i n  c e n t r a l  southeastern 
Alaska (Table 1, P l a t e  1). The Cornwa l l i s  Zn-Pb depos i t  cons is ts  of f i n e l y  
disseminated spha le r i te ,  galena, and cha l copy r i t e  i n  Carboniferous l imestone 
b recc ia  and. i s  associated w i t h  pods, veins, and l aye rs  o f  b a r i t e  as much as 2 
m wide and 60 m long i n  Late T r i a s s i c  f e l s i c  metavolcanic rocks. The Copper 
C i t y  Cu-Zn-Ag-Au d e p o s i t  c o n s i s t s  o f  mass ive  c h a l c o p y r i t e ,  p y r i t e ,  and 
s p h a l e r i t e  i n  l a y e r s  and l e n s e s  abou t  1 m t h i c k  i n  metamorphosed e a r l y  
Paleozoic keratophyre and s p i l i t e .  The Moonshine Ag-Pb depos i t  cons is ts  of 
galena, spha le r i te ,  minor cha l copy r i t e  and p y r i t e  i n  f i s s u r e  ve ins o r  ods as 7 much as a few m wide i n  do lomi te  ve ins c u t t i n g  e a r l y  Paleozoic marb e .  The 
Copper C i t y  depos i t  produced about 1,450 tonnes o f  ore, and the  Moonshine 
d e p o s i t  p roduced about  46,500 g Ag ( T a b l e  1 ); no model i s  a v a i l a b l e  t o  
c l a s s i f y  these two deposi ts.  

Bedded b a r i t e  deposi ts  a re  present a t  Cas t le  I s l a n d  and Lime Po in t  i n  
c e n t r a l  southeastern Alaska (Table 1, P la te  1). The Cas t le  I s l a n d  depos i t  
cons is ts  of lenses o f  massive b a r i t e  i n t e r l a y e r e d  w i t h  metamorphosed Devonian 
o r  T r i a s s i c  l imestone and calcareous and tu f faceous c l a s t i c  rocks. The depos i t  
produced 680,300 t o n n e s  o f  o r e  r a d i n g  90% BaS04. The L ime Po i  n t  d e p o s i t  
cons is ts  o f  i n t e r l a y e r e d  lenses o f  b a r i t e  and do lomi te  as much as 2 m t h l c k  i n  
lower Paleozoic marble. The depos i t  conta ins an est imated 4,500 tonnes grad ing 
91% ba r i t e .  

Greens Creek Zn-Pb-Cu-Ag-Au Deposi t  
By J. Dunbier and D.A. Sherkenbach 

The Greens Creek Zn-Pb-Cu-Ag-Au d e p o s i t  c o n s i  s t s  o f  s u l  f i  de bands, 
1  ami nations, and d isseminat ions hosted i n  a sequence o f  c h l o r i  t e - r i ch  and 
s e r i c i t e - r i c h  metasedimentary rocks and o f  pyr i te-cher t -carbonate rocks t h a t  
s t r u c t u r a l  l y  over1 i e  l o c a l  l y  serpen t i  n i  zed maf i c  vo lcan ic  f lows and t u f f s  
(Dunbier and others, 1979; Drechsler and Dunbier, 1981 ). The maf ic  vo lcan ic  
rocks crop ou t  i n  t he  core o f  a  l a r g e  southeast-plunging an t i f o rm  t h a t  i s  
over turned t o  the  nor theas t  (Fig. 10); the  metasedimentary rocks, exhal i te, 



and a s s o c i a t e d  s u l f i d e  b o d i e s  o c c u r  i n  t h e  p i n c h e d  nose and a l o n g  t h e  
nor theas t  l imb  o f  the  s t r u c t u r e  severa l  km from the  rocks i n  the  core. The 
s u l f i d e  con ten t  general  1 y increases s t r u c t u r a l  1 y upsect ion and culminates a t  
t h e  c o n t a c t  w i t h  o v e r l y i  ng b l a c k  ca rbonaceous  a r g i  11 i t e  and graywacke. 
Deformat ion and lower-greenschist  fac ies  metamorphism cha rac te r i ze  t he  hos t  
rocks. 

The s u l f i d e  h o r i z o n  has a s t r u c t u r a l  hang ing  w a l l  o f  f i n e l y  bedded 
metasedimentary rocks and p y r i  te-carbonate-chert exhal i t e  and a foo twa l l  o f  
b l ack  g r a p h i t i c  a r g i  11 i t e  t h a t  over1 i e s  t he  metamorphosed t u f f  (Fig. 10). I n  
t h e  t r a n s i t i o n a l  c o n t a c t  zone, t h e  s u l f i d e s  o c c u r  i n  a s e r i e s  o f  south-  
plunging, elongate, massive pods as much as 25 m t h i c k ,  w i t h  f l a n k i n g  u n i t s  o f  
b lack  and wh i t e  ore. The massive pods c o n s i s t  o f  layers,  laminat ions,  and 
d isseminat ions o f  spha le r i  te,  galena, cha lcopyr i te ,  and t e t r a h e d r i  t e  i n  a 
p y r i t e - r i c h  mat r i x .  Black ore forms an extensive b lanke t  i n  the  depos-it and 
cons i s t s  of lami nated, f i ne -g ra i  ned p y r i t e ,  spha le r i  te,  galena, and Ag-r ich 
s u l f o s a l t  hosted in b lack  carbonaceous exhal i t e  and a r g i l l  i te. White ore i s  
present  along t h e  edges o f  t he  massive pods and cons i s t s  o f  minor amounts o f  
t e t r a h e d r i  te,  p y r i t e ,  galena, and spha le r i  t e  i n  lami nat ions,  s t r i nge rs ,  o r  
d isseminat ions t h a t  a re  hosted i n  massive chert ,  carbonate rocks, o r  s u l f a t e -  
r i c h  e x h a l i t e .  Geope ta l  s t r u c t u r e s  i n d i c a t e  t h a t  t h e  o r e  h o r i z o n  i s  
overturned. Several ve i n  assemblages a re  a l so  present;  t h e  most i n t e r e s t i n g  
con ta in  bo rn i  te, cha lcopyr i te ,  and gold. These ve ins a re  i n  c h l o r i  te - ta l c -  
c a r b o n a t e  a1 t e r a t i o n  zones t h a t  a r e  s t r a t i g r a p h i c a l l y  be low t h e  mass i ve  
s u l f i d e  pods and may have been b r i n e  c o n d u i t s .  E x t e n s i v e  d r i l l i n g  has 
d e l i n e a t e d  a m a j o r  m i n e r a l  d e p o s i t ,  s t i  11 open a t  depth,  c o n t a i n i n g  an 
est imated 3.6 m i l l i o n  tonnes grad ing 0.4% Cu, 2.7% Pb, 7.9% Zn, 360 g / t  Ag, 
and 3.4 g / t  Au. 

Al though no t  dated, t he  Greens Creek depos i t  i s  i n f e r r e d  t o  have formed 
i n  a l a t e  Paleozoic backarc o r  wrench-faul t  bas in  i n  t he  midd le  h i s t o r y  of t he  
Alexander be1 t. E a r l y  depos i t i on  was dominated by arc- o r  c o n t i  nent-der i  ved 
c l a s t i c  and v o l c a n i c l a s t i c  sediments t h a t  in te rmixed  w i t h  maf ic  f l ows  and 
tu f f .  Late  depos i t i on  was dominated by d i s t a l  t u r b i d i t e s  i n  a starved, eux in i c  
b a s i n .  The b a s i n  remained t e c t o n i  c a l l y  a c t i v e ,  w i t h  i n t e r n a l  sub-bas i  ns 
charac te r i zed  by l o c a l  l y  de r i ved  slump and deb r i s  breccias.  Br ines respons ib le  
f o r  the depos i t  probably  cons is ted  o f  convect ive seawater t h a t  c i r c u l a t e d  i n  
t h e  lower bas ina l  sequence. B r i ne  f low was l o c a l l z e d  by s t r u c t u r a l  r a t h e r  than 
vo l can i c  condui ts,  and t he  b r i n e s  discharged i n t o  a dominant ly sedjmentary 
env i r onmen t  w i t h  l o c a l  r e 1  i e f  caused b y  a c t i  ve f a u l t i n g .  Ore d e p o s i t i o n  
probably  r e s u l t e d  f rom i n t e r a c t i o n  between buoyant b r i n e  phases and seawater, 

i n  a d d i t i o n  t o  p r e c i p i t a t i o n  i n  d e n s i t y - s t r a t i f i e d  pools. Unusual ly carbon- 
r i c h  sedimentary rocks i n  t he  hanging w a l l  may r e f l e c t  blooming marine l i f e  
assoc ia ted w i t h  t he  br ines.  The Greens Creek depos i t  i s  an i n t r i g u i n g  example 
o f  a massive s u l f i d e  depos i t  t h a t  shows some c h a r a c t e r i s t i c s  o f  Kuroko massive 
su l f i de ,  sedimentary exha la t i ve ,  and Cyprus rnassSve s u l f i d e  deposi ts.  

Khayyam Cu-Au-Ag Deposi t  

The Khayyam deposi t ,  c l a s s i f i e d  as a Kuroko massive s u l f i d e  deposi t ,  
cons i s t s  o f  i r r e g u l a r ,  elongate, n e a r l y  v e r t i c a l  lenses o f  massive p y r i t e ,  
cha lcopyr i te ,  spha le r i  te, p y r r h o t i  te,  hematite, gahni te,  and magnet i te  i n  a 
gan ue o f  quartz,  c a l c i t e ,  epidote,  garnet, and c h l o r i t e  (Fosse, 1946, Barr ie ,  
1981 a, b). The s u l f i d e s  and assoc ia ted minera ls  occur i n  about seven s u l f i d e  
lenses as much as 70 m long and 6 rn t h i c k .  The lenses a re  conformably enclosed 
i n  pre-Middle Ordov ic ian f e l s i c  t o  maf i c  metavolcanic rocks o f  t he  Wales Group 



i n  t he  Alexander be1 t. The metavolcanic rocks show coarse fragmental  textures,  
and in tense  c h l o r i t e  a l t e r a t i o n  i s  present  i n  t he  f o o t w a l l  below the  s u l f i d e  
1 enses. Several hundred m o f  underground workings e x i s t .  The depos i t  produced 
abou t  6.4 m i l l i o n  kg Cu, 40,120 g Au, and 53,210 g Ag f r om about  205,000 
tonnes o f  ore. 

Pol ymetal 1  i c  and Au Quar tz  Vein Deposits, ----- 
Centra l  Southeastern Alaska 

Po l yme ta l l i c  ve in  deposi ts  occur a t  Nunatak (descr ibed below), Coronat ion 
Is land, and Bay View i n  c e n t r a l  southeastern Alaska (Table 1, P l a t e  1). The 
Cornat ion I s l a n d  Pb-Zn deposi t  cons is ts  o f  lenses o f  galena, spha le r i  te, and 
t e t r a h e d r i  t e  i n  a clay-carbonate gangue i n  f a u l t  zones i n  5 i  l u r i  an(?) marble 
i n t r uded  by T e r t i a r y ( ? )  d i o r i t e .  The depos i t  has produced more than 91 tonnes 
o f  ore. The Bay View Ag-Au depos i t  cons is ts  of quartz-  and calcite-cemented 
f a u l t  b recc ia  w i t h  disseminat ions and small masses o f  p y r i t e ,  cha lcopyr i te ,  
and minor s p h a l e r i t e  and b o r n i t e  i n  a  b a s a l t  d i k e  i n  fault-bounded S i l u r i a n  
t rondhjemi te .  Selected samples con ta in  as much as 10 g / t  Ag and 0.1 g / t  Au. 

Au quar tz-ve in  depos i ts  occur a t  Reid I n l e t ,  Dawson, and Golden Fleece i n  
c e n t r a l  s o u t h e a s t e r n  A l a s k a  ( T a b l e  1, P l a t e  1 ) .  The Re id  I n l e t  d e p o s i t  
cons i s t s  o f  narrow, discont inuous, s teep ly  d ipp ing  quar tz  ve ins as much as a 
few hundred m l o n g  and 1.1 m t h i c k  i n  a l t e r e d  Cre taceous  g r a n o d i o r i t e ,  
Permian(?) metamorphosed p e l  i t i c  and vo lcan ic  rocks, and marble. The depos i t  
has produced 220,000 t o  250,000 g Au. The Dawson AU-Ag depos i t  cons is ts  o f  
quar tz  s t r i n g e r s  and ve ins as much as 1.8 m wide i n  Paleozoic b lack  g r a p h i t i c  
s l a t e .  The. s t r i n g e r s  and v e l n s  c o n t a i n  s c a t t e r e d  p y r i t e  and base m e t a l  
s u l f i d e s .  The d e p o s i t  has p r o b a b l y  p roduced a t  l e a s t  s e v e r a l  t i m e s  t e n  
thousand g each o f  Au and Ag and m i n o r  amounts o f  Pb, and i t  c o n t a i n s  an 
est imated 40,000 tonnes grad ing 34.3 g/t Au. The Golden Fleece Ag-Au depos i t  
cons is ts  o f  i r r e g u l a r  quar tz  f i s s u r e  ve ins as much as 3 m t h i c k  w i t h  p y r i t e ,  
t e t r ahed r i t e ,  and go ld  i n  s i l i c i f i e d  and do lomi t i zed  marble c u t  by diabase 
dikes. The depos i t  has had cons iderable unrecorded product ion and conta ins 
several  hundred m o f  workings. 

Nunatak Cu Deposi t  

The Nunatak p o l y m e t a l l  i c  v e i n  d e p o s i t  c o n s i s t s  o f  abundant, c l o s e l y  
spaced molybdenite-bearing quar tz  ve ins and minor disseminated molybdenite i n  
hornfe ls ,  skarn, and a f a u l t  zone (Brew and others, 1984). The molybdenite- 
bear ing veins, skarn, and f a u l t  zone a re  ad jacent  t o  a  T e r t i a r y ( ? )  g r a n i t e  
porphyry stock. Su l f i des  a re  l o c a l  1 y  disseminated i n  the  porphyry. Besides 
mo1 ybdeni te, s u l f i d e s  i nc l ude  p y r i t e ,  p y r r h o t i  te, cha lcopyr i te ,  and sparse 
t e t r a h e d r i  t e  and b o r n i  t e .  The c l o s e l y  spaced v e i n  s tockwork  c o n t a i n s  an 
est imated 2.0 m i l l i o n  tonnes grad ing 0.067% Mo and 0.16% Cu. The remaining 
stockwork has i n f e r r e d  resources o f  118 thousand tonnes grad ing 0.026% Mo and 
0.18% Cu. The g r a n i t e  p o r p h y r y  i n t r u d e s  t i g h t l y  f o l d e d  P a l e o z o i c  
metasedimentary rocks. The depos i t  i s  c l a s s i f i e d  as e i t h e r  a p o l y m e t a l l i c  ve in  
and o r  a porphyry Cu-Mo deposi t ;  the  p o l y m e t a l l i c  ve in  c l a s s i f i c a t i o n  i s  more 
probable. 



Skarn and Porphyry Deposits, Cent ra l  Southeastern Alaska -- 
A major Cu-Fe skarn depos i t  i s  present  a t  Kasaan Peninsula (descr ibed 

below), and Cu-Zn-Au skarn depos i t s  occur a t  Kupreanof Mountain and i n  t he  
Jumbo d i s t r i c t  (descr ibed below) i n  c e n t r a l  southeastern Alaska (Table 1, 
P l a t e  1). A combined porphyry Cu and l esse r  p o l y m e t a l l i c  ve i n  depos i t  occurs 
a t  Marger ie  G lac ie r .  The Kupreanof Mountain depos i t  cons i s t s  o f  l o c a l  massive 
pods, lenses, and d isseminat ions o f  p y r r h o t i  te,  magnetite, and cha lcopyr i te ,  
and m i  nor  spha le r i  t e  and p y r i t e  i n  pyroxene-garnet skarn i n  Devonian(?) marble 
and i n  p a r t  i n  h i g h l y  a l t e r e d  m a f i c  i gneous  rocks .  The d e p o s i t  c o n t a i n s  
several  hundred m o f  underground workings. 

Kasaan Peninsula Cu-Fe-Au-Ag Deposi ts 

The Kasaan Peninsula depos i t s  c o n s i s t  of con to r ted  t a b u l a r  masses o f  
magnetite, cha lcopyr i te ,  and p y r i t e  i n  a  gangue o f  c a l c i t e  and ca lc -s i  l i c a t e  
m inera ls  (Warner and Goddard, 1961 ). The masses gene ra l l y  a re  i n  conformable 
layers ,  ma in ly  along contacts  between calcareous metasedimentary rocks and 
mafic metavolcanic rocks ad jacent  t o  i r r e g u l a r  dikes, s i l l s ,  and p lugs o f  
Ordov ic ian o r  S i l u r i a n  d i o r i t e  and quar tz  monzodiori t e  and mafic d ikes.  About 
30 depos i t s  a re  present  on t he  20-km-long peninsula. The l a r g e s t  depos i t  
produced about 245,000 tonnes con ta i n i ng  more than 5.8 m i l l i o n  kg Cu, 216,000 
g Au, and 1.74 m i l l i o n  g Ag. Th is  depos i t  conta ins an est imated 2.7 m i l l i o n  
tonnes averaging 53 t o  592 Fe and 0.26 t o  0.90% Cu. The depos i t  e x h i b i t s  zoned 
talc-silicate minera ls  and s u l f i d e s  and r a t h e r  low Ag/Au and Zn/Cu r a t i o s .  The 
Kasaan Peninsula depos i t s  a re  c l a s s i f i e d  as Fe skarn depos i t s  t h a t  probably  
formed du r i ng  i n t r u s i o n  o f  Paleozoic p l u t o n i c  rocks. 

Jumbo Di  s t r i  c t  

The Jumbo d i s t r i c t  con ta ins  Cu-Au skarn depos i ts  a t  Jumbo and sma l le r  
depos i t s  a t  Magnet i te C l i f f  and Copper Mountain and elsewhere i n  t he  area 
(Kennedy, 1953; He r re i d  and others,  1978). The skarns occur i n  e a r l y  Paleozoic 
marble and p e l i t i c  metasedimentary rocks t h a t  a re  i n t r uded  by a mid-Cretaceous 
hornb lende-b io t i te  g r a n o d i o r i t e  w i t h  concordant hornblende and b i o t i t e  K-Ar  
ages of 103 Ma. The Jumbo Cu-Au depos i t  cons i s t s  o f  cha lcopyr i te ,  magnetite, 
spha le r i t e ,  and molybdeni te i n  skarn a t  the  con tac t  between marble and an 
Ea r l  Cretaceous g ranod io r i  t e  stock.  The gangue i s  main ly  d i ops ide  and garnet.  5 The umbo deposi t ,  w i t h  more than 3.2 km o f  underground workings, produced 4.6 
m i l l i o n  kg Cu, 220,000 g Au, and 2.73 m i l l i o n  g Ag from 112,000 tonnes o f  ore. 
The Magnet i te  C l i f f  depos i t  cons i s t s  o f  a  25-m-thick s h e l l  o f  magnet i te t h a t  
mantles t he  mid-Cretaceous g r a n o d i o r i t e  i n  con tac t  w i t h  garnet-diopside skarn. 
The s k a r n  c o n t a i n s  2 t o  3% c h a l c o p y r i t e  and an e s t i m a t e d  336,000 t onnes  
grad ing 45% Fe and 0.77% Cu. The Copper Mountain depos i t  cons i s t s  o f  sca t te red  
c h a l c o p y r i t e  and copper carbonate m inera ls  i n  d iops ide  endoskarn, veins and 
masses o f  epidote,  garnet,  magnetite, and scapo l i te ,  i n  g ranod io r i t e .  The 
Copper Mountain deposi t ,  w i t h  about 410 m o f  underground workings, produced 
101,800 kg Cu, 321,000 g Ag, and 4,500 g Au. 

Marger ie  G l a c i e r  Cu Deposi t  

The Marger ie G lac i e r  depos i t  cons is ts  o f  cha lcopyr i te ,  arsenopyr i te ,  
spha le r i  te,  molybdenite, and minor scheel i t e  i n  quar tz  ve ins  i n  shear zones, 
i n  massive s u l f i d e  bodies, and as d isseminat ions (Brew and others,  1978). The 
veins, massive sulf-ides, and d isseminat ions occur i n  a  p r o p y l i t i c a l l y  a l t e r e d  
p o r p h y r i t i c  Cretaceous(?) g r a n i t e  s tock and i n  ad jacent  ho rn fe l  s. The g r a n i t e  



i n t r udes  Permian(?) metamorphosed p e l i t i c  and vo lcan ic  rocks and minor marble. 
The depos i t  conta ins an est imated 145 m i l l i o n  tonnes grad ing 0.02% Cu, 0.27 
g / t  Au, 4.5 g / t  Ag, and 0.01% W, and i s  c l a s s i f i e d  as  a c o m b i n a t i o n  o f  
porphyry Cu and and subordinate p o l y m e t a l l i c  ve in  depos i t  (Table 1). 

Gabbroic -- Ni-Cu and Maf ic-Ul t ramaf ic  Deposits, 
Centra l  Southeastern Alaska 

A gabbroic Ni-Cu depos i t  i s  present  a t  Funter Bay (descr ibed below), and 
zoned maf i c - u l t r a m a f i  c  d e p o s i t s  o c c u r  a t  K l  ukwan, S a l t  Chuck ( d e s c r i b e d  
below), and Duke I s l a n d  i n  c e n t r a l  southeastern Alaska (Table 1, P l a t e  1 ). The 
zoned maf ic -u l t ramaf ic  deposi ts  a re  p a r t  o f  a  d iscont inuous b e l t  of 100- t o  
110- Ma o l d  maf ic -u l t ramaf ic  plutons. Th is  be l t ,  which inc ludes  the  Union Bay 
maf ic -u l t ramaf ic  body and depos i t  i n  the  Coast Mountains region, i s  along the  
s t r i k e  leng th  of southeastern Alaska (P la te  1). 

The Klukwan Fe-Ti-V depos i t  (Table 1 ) cons is ts  of t i t a n i f e r o u s  magnet i te 
and minor cha lcopyr i te ,  hematite, and Fe s u l f i d e s  i n  d isseminat ions o r  i n  
t a b u l a r  zones i n  Cretaceous pyroxeni t e  surrounded by d i o r i  te .  The depos i t  
conta ins an est imated 11.8 b i  11 i o n  tonnnes grad ing 0.2% V 05, 13% magnetite, 
and 1.5 t o  4.4% T i 0  . The Duke I s l a n d  Cr-PGE depos i t  ( ~ a % l e  1 ) cons i s t s  o f  f disseminated t o  loca l y  massive t i t a n i f e r o u s  magnet i te and sparse chromi te  i n  
hornblende and c l  i nopyroxene zones i n  a  Cretaceous(?) zoned u l  t ramaf i c  p l  uton. 

Funter Bay Ni-Cu Deposi t  

The Funter Bay gabbroic Ni-Cu depos i t  (Table 1 )  cons is ts  o f  disseminated 
p y r r h o t i  te, pent1 andi te,  and cha l copy r i t e  t h a t  occur i n  01 iv ine-hornblende 
gabbro a t  t he  base of a  gabbro-nor i te p i pe  o f  l a t e ( ? )  Mesozoic age (Barker, 
1963; Noel, 1966). The p ipe  i n t r udes  l a t e  Paleozoic o r  T r i a s s i c  quartz-mica 
sch is t .  The depos i t  conta ins an est imated 450 t o  540 thousand tonnes grad ing 
0.33 t o  1 .O% each o f  Cu and Ni and 0.05 t o  0.32% Co. 

S a l t  Chuck Cu-Au-Ag Deposi t  

The S a l t  Chuck zoned maf i c-ul t r ama f i c  depos i t  cons is ts  o f  i r r e g u l a r l y  and 
randomly d i s t r i b u t e d  v e i n l e t s  o f  bo rn i  te, m i  nor  cha lcopyr i te ,  and secondary 
chalcoc i  te ,  cove1 1 i t e ,  n a t i v e  copper, and magnet i te (Howard, 1935; Gaul t, 
1945; Donald Grybeck and D.A. Brew, w r i t t e n  commun., 1985). The s u l f i d e s  and 
oxides occur along cracks and f rac tu res  i n  a p i  pe l  i ke gabbro-pyroxeni t e  s tock 
o f  l a t e  P a l e o z o i c  o r  Mesozoic age i n t r u d i n g  S i l u r i a n  metagraywacke. The 
deposi t  has produced about 296,000 tonnes grad ing 0.95% Cu, 1.2 g / t  Au, 5.8 
g j t  Ag, and 2.2 g / t  PGE. 

U Deposits, Centra l  Southeastern Alaska - 

F e l s i c  p l u t o n i c  U deposi ts  occur a t  W i l l i am  Henry Bay, Salmon Bay, and 
Bokan Mountain (descr ibed below), and a sandstone U deposeit occurs a t  Po r t  
Camden i n  c e n t r a l  southeastern Alaska (Table 1, P l a t e  1). The W i l l i am  Henry 
Bay d e p o s i t  c o n s i s t s  o f  v e i n l e t s  w i t h  p y r i t e ,  c h a l c o p y r i t e ,  ga lena,  
t h o r i a n i  te, and euxeni t e  i n  a  smal l  T e r t i a r y ( ? )  g r a n i t e  p l u t o n  i n t r u d i n g  
S i  1  u r i a n ( ? )  metavolcanic and metasedirnentary rocks. The Salmon Bay depos i t  
cons is ts  o f  carbonate f- issure ve ins i n  S i l u r i a n  metagraywacke near T e r t i a r y  
f e l s i c  d i k e s .  The v e i n s  c o n t a i n  a w i d e  v a r i e t y  o f  m i n e r a l s ,  i n c l u d i n g  
f l u o r i t e ,  hema t i t e ,  magne t i t e ,  p y r i t e ,  c h a l c o p y r i t e ,  t h o r i t e ,  monazi te ,  
z i r c o n ,  p a r i s i t e ,  and b a s t n a e s i t e .  The P o r t  Camden sands tone  U d e p o s i t  



cons i s t s  o f  t r aces  o f  U minera ls  i n  p o o r l y  so r ted  d o l o m i t i c  sandstone o f  t he  
T e r t i a r y  Kootznahoo Formation, which conta ins d e t r i t u s  der i ved  from T e r t i a r y  
o r  o l d e r  g r a n i t i c  rocks. 

Bokan Mountain U-Th-REE Oeposi t 

The Bokan Mountain f e l s i c  p l u t o n i c  U depos i t  cons i s t s  of d isseminated 
accessory U-Th, RE€, and n ioba te  minera ls ,  i n c l u d i n g  u rano tho r i  te,  uranoan 
t h o r i a n i  te,  u ran i  n i  te,  xenotime, a1 l a n i  te,  monazite, and accessory p y r i t e ,  
galena, z i rcon, and f l u o r i t e  (MacKevett, 1963; Lancelo t  and de Sai nt-Andre, 
1982; Thompson and others,  1982; Armstrong, 1985). The U-Th, RE€, and n ioba te  
m i n e r a l s  a r e  hos ted  i n  an i r r e g u l a r ,  s t e e p l y  d i p p i n g  p i p e  o f  J u r a s s i c  
p e r a l k a l i n e  g r a n i t e  t h a t  grades outward i n t o  mos t l y  barren g ran i te .  U-Th ve in  
and pegmati te depos i t s  occur i n  the  ou te r  p a r t s  o f  t he  g r a n i t e  and ad jacent  
coun t ry  rock. The depos i t  has produced about 109,000 tonnes grad ing about 1% 
U308. Equ iva len t  grade Th was no t  recovered. 

Coastal Southeastern Alaska 

M a j o r  g a b b r o i c  Ni-Cu, Au q u a r t z  ve i n ,  and b a s a l t i c  Cu d e p o s i t s  a r e  
present  i n  coas ta l  southeastern Alaska (Table 1, P l a te  1) .  Gabbroic Ni-Cu 
depos i t s  occur a t  Brady G l a c i e r  (descr ibed below), Bohemia Basin (descr ibed 
below), and M i r r o r  Harbor (Table 1  ). These depos i t s  are i n  T e r t i a r y  maf i c  and 
u l  t r ama f i c  stocks t h a t  i n t r u d e  metagraywacke and p h y l l  i t e  o f  t he  Cretaceous 
Si  t k a  Graywacke and metagraywacke, p h y l l  i te, and greenschi s t  of t he  Cretaceous 
and Cretaceous(?) Kelp  Bay Group, p a r t  o f  t he  Chugach t e r rane  (P la te  1 ). The 
m a f i c  a n d  u l t r a m a f i c  p l u t o n s  a r e  p r o b a b l y  p o s t d e f o r m a t i o n a l  and 
postmetamorphi c igneous bodies. 

Au qua r t z  v e i n  depos i t s  occur a t  Apex, E l  Nido, Cobol, Chichagoff  and 
H i  rst-Chichagof (descr ibed below) i n  coas ta l  southeastern Alaska ( f ab l e  1, 
P l a t e  1). These depos i t s  gene ra l l y  c o n s i s t  o f  quar tz  f i s s u r e  veins, as much as 
4 m t h i c k ,  and l o c a l  l y  wider  stockworks con ta i n i ng  p y r i t e ,  arsenopyr i  te, 
cha lcopyr i te ,  galena, sphal e r i  te,  t e t r a h e d r i  te, and gold. Local m i  nor  s u l f i d e s  
occur i n  ad jacent  metasedimentary, metavolcanic, and g r a n i t i c  wal l rocks.  The 
Au quar tz  ve i n  depos i t s  a t  Apex, E l  Nido, and Cobol are i n  l a t e  Paleozoic low- 
grade pe l  i t i c  and metavolcanic rocks, i n c l u d i n g  greenstone, qua r t z i t e ,  and 
s i l i c e o u s  l imestone, p a r t  o f  t he  Wrangel l i a  t e r r ane  ( P l a t e  1). The depos i t s  a t  
Chichagoff  and Hirst-Chichagof a re  i n  t he  Cretaceous S i t k a  Graywacke, p a r t  of 
the  Chugach t e r rane  (P la te  1). These depos i t s  are i n t e r p r e t e d  as having formed 
du r i ng  T e r t i a r y  r eg iona l  metamorphism and deformat ion fo l lowed by i n t r u s i o n  of 
g r a n i t i c  p lu tons.  

A poss i b l e  b a s a l t i c  Cu depos i t  occurs a t  Baker Creek (Table 1, P l a te  1 ) .  
Th is  depos i t  consi  s t s  o f  smal l  masses and d isseminat ions o f  cha l copy r i t e  and 
p y r i t e  i n  zones as much as 4 m t h i c k  and 120 m long i n  metamorphosed subaer ia l  
b a s a l t  f l ows  o f  t he  T r i a s s i c ( ? )  Goon Dip Greenstone, p a r t  o f  t he  Wrangel l ia  
t e r r ane  ( P l a t e  1). 

Brady G l a c i e r  Ni-Cu Deposi t  

The Brady G l a c i e r  depos i t  (Table 1, P l a t e  1 )  cons i s t s  o f  d isseminat ions 
and s m a l l  masses o f  p e n t l a n d i t e ,  c h a l c o p y r i t e ,  and r a r e  p y r i t e  n e a r  t h e  
eastern edge and probable base o f  a  layered T e r t i a r y  maf i c -u l t ramaf i c  p l u ton  
composed of gabbro w i t h  minor p e r i d o t i t e ,  p a r t  o f  the  La Perouse gabbro p l u ton  
(Brew and others,  1978; Czamanske and Calk, 1981: Himmelberg and Loney, 1981 ). 



The depos i t  l o c a l l y  l o c a l l y  as much as 10% disseminated s u l f i d e s  and has an 
est imated 82 t o  91 m i  11 i o n  tonnes averaging 0.53% N i ,  0.33% Cu, 0.03% Co, and 
minor amounts o f  PGE. Selected samples w i t h  disseminated t o  massive su l f i des  
c o n t a i n  0.2 t o  1.3 g/t PGE. The d e p o s i t  o c c u r s  m a i n l y  beneath  t h e  Brady 
G lac ie r  b u t  i s  exposed i n  t h ree  smal l  nunataks. K-Ar  ages o f  25 t o  30 Ma have 
been o b t a i n e d  f o r  t h e  La Perouse. The p l u t o n  i n t r u d e s  metagraywacke and 
phy l  1  i t e  of t he  Cretaceous S i  t k a  Graywacke, p a r t  of t he  Grav.ina-Nutzoti n  be1 t 
(P la te  1). 

Bohemia Basin Ni-Cu Deposi t  -- 
The Bohemia B a s i n  d e p o s i t  ( T a b l e  1, P l a t e  1 )  c o n s i s t s  o f  magmatic 

segregat ions of c h i e f l y  p y r r h o t i t e ,  pen t land i te ,  and cha l copy r i t e  (Kennedy and 
Walton, 1946; Johnson and o t h e r s ,  1982). The s e g r e g a t i o n s  o c c u r  i n  a 
t rough1 i ke body, about 45 m t h i ck ,  near the  base of a  basin-shaped, composite 
n o r i t e  s t o c k  o f  T e r t i a r y  age. The n o r i t e  l o c a l l y  grades i n t o  gabbro and 
d i o r i  te .  The stock i n t r udes  metagraywacke, phy l  l i t e ,  and greenschis t  of the  
Cretaceous and Cretaceous(?) Kelp Bay Group. The depos i t  conta ins an est imated 
19 m i l l i o n  tonnes averaging 0.33% N i ,  0.21% Cu, and 0.04% Co. 

Chichagoff  and Hirst-Chichagof Au-Aq Deposi ts 

The Chichagoff and Hirst-Chichagof deposi ts  (Table 1, P l a t e  1 )  cons i s t  o f  
t a b u l a r  t o  l e n t i c u l a r  b o d i e s  of q u a r t z  w i t h  s m a l l  masses o f  p y r i t e ,  
a r s e n o p y r i t e ,  ga lena,  s p h a l e r i t e ,  c h a l c o p y r i t e ,  and l o c a l  s c h e e l i t e  and 
t e t r a h e d r i t e  (Reed and Coats, 1941; S t i l l  and Weir, 1981; Johnson and others, 
1982: Alaska Mines and Geology, 1985). The quar tz  bodies are main ly  r ibbon  
q u a r t z ,  as much as a few m t h i c k  and a few thousand rn l ong .  The main o r e  
shoots are l o c a l i z e d  along i n t e r s e c t i o n s  o f  va r ious  splays o f  t he  H i r s t  and 
Chichagoff  f a u l t s  and probably along warps i n  t he  f a u l t s .  The depos i t  i s  i n  
metagraywacke and a r g i  11 i t e  o f  the  Cretaceous S i  t k a  Graywacke. The deposi ts  
have produced about 25 m i l  1  i o n  g Au, 1.24 m i  11 i o n  g Ag, and minor amounts of 
Pb and Cu. 

PLACER DISTRICTS  

More than 960 m i l l  i o n  g o f  go ld  have been produced from Alaskan mines 
s ince  go ld  was discovered t he re  i n  t he  l a t e  1880's. O f  t h i s  amount more than 
620 m i l  1  i o n  g, o r  roughly  two-thirds,  has been obta ined from p lace r  deposi ts.  
Alaska i s  probably the  on l y  s t a t e  where p l ace r  go ld  p roduc t ion  has r e c e n t l y  
increased. P lacers i n  Alaska have a l so  y i e l ded  approximately 93 m i l l i o n  g o f  
s i l v e r ,  about 17 m i l l i o n  g o f  PGE, 1.8 m i l l i o n  kg o f  t i n ,  and unspec i f ied  
amounts o f  mercury and tungsten (Eakins and others, 1985). P lacer  mining i n  
Alaska, p r i n c i p a l l y  f o r  gold, i s  one o f  the  major nonfuel  min ing i n d u s t r i e s  on 
the  bas is  o f  the  va lue o f  minera l  produced. I t  was second on l y  t o  sand and 
g rave l  i n  1982, when approximately $70,000,000 wor th  o f  go ld  was mined (Eakins 
and others, 1985). S i l v e r  i n  Alaska i s  produced p r i m a r i l y  as a byproduct of 
p lacer  gold. I n  1982 Alaskan go ld  p l ace r  mines produced approximately 684,000 
g of s i l v e r ,  as w e l l  as 6,160 kg of t i n .  Approximately 28,000 g o f  p l ace r  
p la t inum was produced i n  1981, the  most recent  year f o r  which f i g u r e s  a re  
a v a i l a b l e  (Eakins and others,  1985). The f l u c t u a t i n g  p r i c e  o f  go ld  i s  a  major 
f ac to r  i n  p l ace r  mining i n  Alaska, where opera t ing  costs  a re  high. A number o f  
mines a r e  n o t  economic when t h e  p r i c e  d rops  be low about  $ 1 0 1 ~  ($300/oz) .  
Consequently, y e a r l y  product ion can vary  g r e a t l y  when t he  p r i c e  f l u c t u a t e s  
around t h i s  f i gu re .  



H i s t o r y  o f  P lacer  Discovery and Min ing i n  Alaska 

The n a t i v e  Americans i n  Alaska used n a t i v e  go ld  i n  ornamental j ewe l ry  and 
o c c a s i o n a l l y  as d e c o r a t i o n  on p o t t e r y ,  u t e n s i l s ,  and weapons. G o l d  was 
r e p o r t e d  f r om A l a s k a  as e a r l y  as 1834 b y  a  p a r t y  o f  Russ ian-Amer icans 
exp lo r i ng  on t he  Russian R iver  drainage o f ,  t he  Kenai Peninsyla; however, go ld  
was n o t  a c t u a l l y  mined u n t i l  t he  l a t e  1860 s  and e a r l y  1870 s, i n i t i a l l y  near 
S i t k a  and near Juneau i n  the  S i l v e r  Bow Basin area. The d iscovery  of p l ace r  
g o l d  on t r i b u t a r i e s  o f  t h e  F o r t y  M i  l e  R i v e r  i n  1886 was i n s t r u m e n t a l  i n  
opening up t he  i n t e r i o r  o f  Alaska t o  go ld  d iscovery  and mining. Gold was found 
on B i r c h  Creek, south o f  t he  Yukon River,  l ead ing  t o  t he  development o f  t he  
C i r c l e  Min ing D i s t r i c t  i n  the  18901s, a  d i s t r a i c t  t h a t  cont inues t o  produce 
gold.  The d iscovery  of go ld  i n  t he  K londike area o f  t h e  Yukon T e r r i t o r y  l e d  t o  
more d iscover ies  i n  Alaska. Many of the  K londi  ke pros ec to r s  who were no t  
successfu l  on t he  Dawson creeks d r i f t e d  down the  Yukon 'k i v e r  i n t o  Alaska and 
even tua l l y  reached the  beaches a t  Nome. A promising d iscovery  was made t he re  
on A n v i l  Creek i n  1898. The r e a l i z a t i o n  t h a t  t he  beaches around Nome could  be 
worked sparked a  major stampede t o  t h i s  new d i s t r i c t .  

The many p r o s p e c t o r s  i n  A l a s k a  soon made o t h e r  d i s c o v e r i e s .  A m a j o r  
d iscovery  on t r i b u t a r i e s  o f  t he  Tanana R iver  l e d  t o  the  founding o f  Fairbanks, 
i n  what would even tua l l y  become the  r i c h e s t  go ld  min ing reg ion  o f  t he  s ta te .  
Gold i n  the  upper Koyukuk R iver  was d iscovered i n  1898, and l a t e r  d i scove r i es  
i n  1905 and 1908 r e s u l t e d  i n  t he  go ld  min ing towns o f  Co ld foo t  and Wiseman. 
The lower Yukon and Kuskokwim R iver  basins witnessed minor rushes dur ing  1909 
t o  1912: d e p o s i t s  were d i s c o v e r e d  i n  t h e  I d i t a r o d ,  Ruby, F l a t ,  and O p h i r  
d i s t r i c t s .  .The remote Chandalar R ive r  d i s t r i c t  above t he  A r c t i c  C i r c l e  was 
i nves t i ga ted  i n  1902, and a  smal l  rush ensued i n  1906 w i t h  t he  d iscovery  of 
depos i t s  on L i t t l e  Squaw Creek. Dur ing t he  same per iod,  p l ace r  depos i ts  i n  t h e  
C h i s t o c h i n a  a r e a  l n  t h e  e a s t e r n  A l a s k a  Range were d i s c o v e r e d .  A g e n e r a l  
d e c l i n e  i n  new d i scove r i es  and p roduc t ion  occurred about 1918. Th is  t r end  
cont inued u n t i l  about 1928, when mechanization o f  mining r e s u l t e d  i n  increased 
product ion.  I n  1934 the  p r i c e  o f  go ld  was ra i sed  from $20 t o  $35 per ounce, 
and t h i s  r e s u l t e d  i n  a  peak p roduc t ion  o f  about 23 m i l l i o n  g o f  go ld  i n  1940. 

War Product ion Board Order L-208 almost stopped go ld  min ing by October 
1942. Operat ing p l ace r  mines decreased from 554 t o  142 by 1943. The recovery 
from 1944 t o  1950 was slow because r e p l a c i n  equipment was cos t l y .  Lode min ing 
suffered even more g rea t l y :  as a  r e s u l t ,  99 percent  o f  t he  go ld  mined dur ing  
t h i s  pe r i od  came from placers.  A f t e r  World War I 1  the  p r i c e  o f  go l d  remained 
a t  t h e  1934 standard o f  $35 per  ounce, which caused a general  d e c l i n e  i n  t he  
indus t ry .  Almost a1 1  t he  g r e a t  go ld  dredges had shut  down by t he  e a r l y  1960's. 
Some smal l -scale p l ace r  mines surv ived  by s e l e c t i v e l y  min ing the  r i c h e r  p a r t s  
of deposi ts,  bu t  a1 1-time low p roduc t ion  f i g u r e s  were recorded i n  1971 and 
1972. The depressed p r i c e  o f  gold, toge ther  w i t h  t h e  h i gh  cos t  o f  l abo r  and 
equipment, l i m i t e d  p roduc t ion  t o  l ess  than $500,000 from about a dozen g o l i -  
min ing operat ions.  The dramat ic increase i n  the gold p r i c e  in the l a t e  1970 s 
and e a r l y  1980's r e s u l t e d  i n  a  s t r i k i n g  increase i n  Alaskan go ld  product ion.  
By 1981 t he re  were approximately 400 p l ace r  mines i n  t h e  s t a t e  employing about 
3,000 miners, w i t h  annual p roduc t ion  o f  about 4.2 m i l l i o n  g of gold. 

The major p l ace r  d i s t r i c t s  o f  Alaska a re  summarized i n  Table 2 ( P l a t e  21, 
u s i n g  t h e  r e g i o n a l  d i v i s i o n  o f  A l a s k a  o f  Cobb (1973) .  The d i s t r i c t s  a r e  
arranged by geographic reg ion  w i t h  t he  same o rder  as f o r  lode depos i t s  (Table 
1 ). Data were compiled on l y  f o r  areas w i t h  p roduc t ion  o f  more than 31,000 g 
(1,000 oz )  o f  gold. The t h i r d  column i n  Table 2 l i s t s  t he  major metals and 



other  commodities i n  each p lace r  d i s t r i c t .  Product ion f i g u r e s  are from Cobb 
(1  973). and Robinson and Bundtzen (1979). Add i t i ona l  in fo rmat ion  on Alaskan 
p lacer  deposi ts  i s  prov ided by Cobb (1973), Robinson and Bundtzen (1979). and 
Cook (1983). S t a r t i n g  i n  1980, annual conferences on Alaskan p lace r  mining i n  
Fairbanks have r e s u l t e d  i n  the  yea r l y  p u b l i c a t i o n  of a  conference proceedings, 
t he  most recent  being f o r  the  Seventh Annual Conference (Alaska Prospectors 
Pub1 ish ing,  1985). 

Major P lacer  D i s t r i c t s  - Brooks Range 

Major p lacer  d i s t r i c t s  are a t  Chandalar, Kiana, Noatak, Shungnak, and 
Wiseman i n  the  Brooks Range (Table 2, P la te  2). The l a r g e s t  gold-producing 
p l ace r  d ~ s t r i c t  i s  the  Wlseman d i s t r i c t  w i t h  p roduc t ion  o f  9 m i l l i o n  g o f  go ld  
s i n c e  i t s  d i s c o v e r y  i n  1893. The n e x t  l a r g e s t  p roducer  i s  t h e  Chandalar  
d i s t r i c t  w i t h  964,000 g of gold. Na t i ve  go ld  and o the r  heavy minera ls  i n  t he  
Wiseman and Chandalar d i s t r i c t s ,  i n c l u d i n g  cha lcopyr i te ,  galena, magnetite, 
molybdenite, n a t i v e  bismuth, n a t i v e  copper, p y r i t e ,  scheel i te, s i  l ve r ,  and 
s t i b n i  t e ,  a r e  p r o b a b l y  d e r i v e d  m a i n l y  f rom e i t h e r  v o l c a n o g e n i c  mass ive  
s u l f i d e  deposi ts  i n  the Ambler d i s t r i c t  o r  from Au quar tz  vein, Sb-Au vein, 
skarn, and porphry deposi ts  associated w i t h  Devonian o r  Mesozoic g r a n i t i c  
plutons, o r  w i t h  Mesozoic metamorphism i n  the  area. Gold and o the r  heavy 
minera ls  i n  t he  Kiana, Shungnak, and Noatak d i s t r i c t s  may be der ived  from Au 
quar tz  ve in  deposi ts.  

The Wiseman d i s t r i c t  (Table 2, P la te  2)  conta ins perhaps the o n l y  year- 
round p lace r  mine i n  Alaska. The opera t ion  has remained a c t i v e  by means of 
underground mining. From November t o  Apr i  1, sha f t s  and d r i f t s  are sunk and 
d r i v e n  i n  f rozen  r i v e r  gravel .  Th is  f rozen  gold-bearing g rave l  i s  brought t o  
the surface and stacked by a self-dumping machine. From June u n t i l  sometime i n  
t he  f a l l ,  a three-man crew washes t h e  thawed g rave l  t o  recover t h e  contained 
gold. 

Major P lacer  D i s t r i c t s  - Seward Peninsula and Western Yukon-Koyukuk Basin 

Major p l ace r  d i s t r i c t s  a re  a t  Council ,  Kougarok, Nome, and Po r t  Clarence 
on the  Seward Peninsula (Table 2, P l a t e  2). The Nome d i s t r i c t  p lacers  are some 
of the l a r g e r  producers of go ld  i n  Alaska and have produced as much as 140 
m i  11 i o n  g of go ld .  Gold, c a s s i t e r i t e ,  c i nnaba r ,  c o l u m b i t e ,  s c h e e l i  t e -  
powel 1  i te, t a n t a l  i te, wolframi te, and o the r  heavy minera ls  i n  these f o u r  major 
Seward Peninsula d i s t r i c t s  a re  der i ved  main ly  from Au quar tz  ve in  deposi ts  
occur r ing  i n  reg iona l  metamorphic rocks and from Sn vein, Sn skarn, and Sn 
g r a n i t e  and p o l y m e t a l l i c  ve in  deposi ts  associated w i t h  Cretaceous s i l i c i c  
g r a n i t i c  p lu tons  i n  the region. 

The p r i n c i p a l  go ld  deposi ts  i n  the  Nome d i s t r i c t  of the  Seward Peninsula 
are contained w i t h i n  the sand and g rave l  of f i v e  d i s t i n c t  emerged Ple is tocene 
beaches. Several submerged beach1 i nes are a l so  known. The Alaska Gold Comrany 
c u r r e n t l y  operates two dredges a t  Nome which can process about 12,000 m of 
gravel  per  day a t  maximum product ion. I n  add i t ion ,  numerous small operators  
a re  working beaches and creeks w i t h  pans, rockers, s l u i c e  boxes, and suc t i on  
dredges. I n  1982, cold-water thawing cont inued ahead of t he  dredge on a 1,200 
acre b lock  o f  f rozen  ground t h a t  i s  est imated t o  con ta in  as much as 31 m i l l i o n  
g o f  go ld  (Eakins and others, 1983). Exp lo ra t ion  o f  o f fshore go ld  p lacers  near 
Nome has been done by several  companies. 



M a j o r  p l a c e r  d i s t r i c t s  i n  t h e  w e s t e r n  Yukon-Koyukuk b a s i n  a r e  i n  t h e  
Fairhaven and Koyuk areas (Cobb, 1973) (Table 2, P l a t e  2), i n  areas under la in  
by Late Cretaceous sedimentary, volcanic,  and p l u t o n i c  rocks. The l a r g e s t  
p l ace r  go ld  producer i s  the  Fairhaven d i s t r i c t  w i t h  p roduc t ion  o f  14 m i l l i o n  g 
of gold. Gold, scheel i t e ,  magnet1 te,  s t i b n i  te, u rano thor ian i  te, wolframi te,  
and o t h e r  heavy m i n e r a l s  i n  t h e  d i s t r i c t s  a r e  m a i n l y  d e r i v e d  f r om l o d e  
depos i t s  assoc ia ted w i t h  t he  Cretaceous p l u t o n i c  and vo lcan ic  centers  i n  t h e  
region. 

Major P lacer  D i s t r i c t s  - West-Central Alaska 

Major p l ace r  d i s t r i c t s  a re  a t  Aniak, Goodnews Bay, Hot Springs, I d i t a rod ,  
Innoko, McGrath, Marshal l ,  Melozi tna,  Rampart, Ruby, and Tolovana i n  west- 
c e n t r a l  Alaska (Table 2, P l a t e  2).  The l a r g e s t  producer i n  t he  reg ion  i s  t he  
I d i t a r o d  d i s t r i c t  w i t h  p roduc t ion  o f  41 m i l l i o n  g o f  gold, fo l lowed by t he  
Innoko d i s t r i c t  w i t h  16.8 m i l l i o n  g o f  gold, t he  Hot Spr ings d i s t r i c t  w i t h  14 
m i l l i o n  g o f  gold, and t he  Ruby d i s t r i c t  w i t h  12 m i l l i o n  g of go l d  (Table 2 ) .  
The Goodnews Bay d i s t r i c t  has produced more than 16.8 m i l  l i o n  g o f  PGE and 0.9 
m i l l i o n  g o f  go ld  (Table 2). 

Gold,  c a s s i t e r i t e ,  c i nnaba r ,  m a g n e t i t e ,  n a t i v e  b ismuth,  p y r i t e ,  
s c h e e l i  t e ,  s t i b n i  t e ,  t o u r m a l i n e ,  and o t h e r  heavy m i n e r a l s  i n  t h e  Aniak,  
I d i t a r o d ,  Innoko, McGrath, Marshal 1, and Ruby d i s t r i c t s  are probably  der i ved  
f r o m  p o l y m e t a l l i c  v e i n  and p o r p h y r y  d e p o s i t s  a s s o c i a t e d  c h i e f l y  w i t h  
Cre taceous  and e a r l y  T e e r t i a r y  p l u t o n i c  and v o l c a n i c  c e n t e r s  and f r o m  
Cretaceous sedimentary rocks. Chromite and p l a t i num i n  t he  Innoko, McGrath, 
and Ruby d i s t r i c t s  a re  probably  der i ved  from C r  depos i t s  i n  u l t r a m a f i c  rocks 
w i t h i n  t h r u s t  s l i c e s  i n  the  Toz i tna  and Innoko areas. Gold, c a s s i t e r i t e ,  
cinnabar, magnetite, p y r i t e ,  REE-minerals, scheel i te, s t i  bn i  te, tourmal ine,  
and o the r  heavy minera ls  i n  t h e  Hot Springs, Melozi tna,  Rampart, and Tolovana 
d i s t r i c t s  a re  probably  der i ved  from ve in  depos i t s  associated w i t h  Cretaceous 
o r  T e r t i a r y  g r a n i t i c  p l u t o n s  and sed imen ta r y  rocks .  P G E  and g o l d  i n  t h e  
Goodnews Bay d i s t r i c t  a re  i n t e r p r e t e d  as being der i ved  from the  in fo rma l  1  y 
named Midd le  Ju rass ic  Goodnews Bay maf i c - u l  t ramaf i c  complex of Southworth and 
Foley (1986). 

Goodnews Bay D i s t r i c t  

The Goodnews Bay P t  d e p o s i t  ( T a b l e  2, P l a t e  2 )  has been t h e  l a r g e s t  
producer of PGE i n  t h e  Uni ted States (Mert je,  1976; Eakins and others, 1983; 
Southworth and Foley, 1986). From 1937 t o  1975, approximately 16.8 m i l l  i o n  g 
of PGE was recovered. Large p la t inum nuggets a re  r a r e  a t  Goodnews Bay; t h e  
1  a rges t  recovered weighed about 124 g. Heavy-mineral concentrates, i n  a d d i t i o n  
t o  PGE minerals,  i n c l ude  magnetite, i lmen i te ,  chrornite, and gold. Gold is a 
s i g n i f i c a n t  byproduct and makes up as much as 10 percent  o f  t he  prec ious metal 
concent ra te  by volume. About 0.9 m i l l i o n  g  o f  go ld  has been produced. The pay 
s t reak  on Salmon R i ve r  i s  105 t o  140 rn wide and reaches a maximum w id th  of 180 
m reached on Pla t inum Creek. The p r i n c i p a l  reserves remaining i n  t h i s  d i s t r i c t  
a re  c l a y - r i c h  p a r t s  of t a i l i n g s  and deep ground i n  t h e  lower Salmon R iver  
drainage. 

Innoko D i s t r i c t  

P lacer  go ld  has been i n t e r m i t t e n t l y  mined i n  t he  Innoko d i s t r i c t  from 
modern stream and bench g rave l  s ince  1906 (Mert ie,  1936; Bundtzen and La i rd ,  
1980) (Table 2, P l a t e  2). Product ion has been about 17 m i l l i o n  g o f  go ld  f rom 



approximately 25 p lacer  mines over the  l a s t  7 5  years. The g rave l  i s  gene ra l l y  
2 t o  6 m t h i c k  and i s  o v e r l a i n  by a f rozen muck l a y e r  1  t o  5 m i n  thickness. 
Th i s  muck l a y e r  must be thawed and s t r i pped  before mining o f  the under ly ing  
gold-bearing gravel .  The go ld  i s  concentrated i n  t he  lowest 1 m o f  g rave l  and 
i n  cracks i n  the  uppermost 1  m of bedrock. A p l i t i c  and porphyry d ikes  i n t r u d e  
Cretaceous f l y sch  bedrock; t he  d ikes  a re  more r e s i s t a n t  t o  weather ing and so 
form r idges  t h a t  a c t  as b a r r i e r  t r aps  f o r  the  go ld  moving along streambeds. 
Gold a l so  i s  found a t  the i n t e r s e c t i o n s  o f  t r i b u t a r y  streams w i t h  main streams 
where a g r a d i e n t  change occu rs .  The g o l d  i s  g e n e r a l l y  f i n e g r a i n e d  and 
f l a t t ened ,  i s  occas iona l l y  i r o n  stained, and i n c l u d e 3  adhering g ra ins  of 
quar tz  and magnetite. Y ie lds  o f  $5.20 t $10.50 per  m a re  common f o r  t he  
modern g rave l  and as much as $12.50 per  IT? f o r  t he  bench gravels .  M inera l i zed  
dikes, fau l t s ,  and igneous rocks occur w i t h i n  o r  adjacent t o  creeks t h a t  a re  
being mined i n  the  area, some o f  which con ta in  gold. 

Most o f  t he  product ion i n  t he  d i s t r i c t  has been from the  Ophir  and Candle 
H i 1  1s d e p o s i t s .  The p l a c e r  d e p o s i t s  i n  t h e  O p h i r  a rea  a r e  downslope and 
downstream from b a s a l t i c  t o  r h y o l i t i c  d i k e  swarms and are concentrated along 
f a u l t s  and d i kes  t r end ing  across stream channels (Bundtzen, 1980; Bundtzen and 
others, 1986). The d i k e  swarms con ta in  anomalous amounts o f  Au, N i ,  C r ,  and 
Z r .  I n  t he  Candle H i l l s ,  f r a c t u r e s  i n  p lu tons  and ho rn fe l s  l o c a l l y  con ta in  
anomalous amounts of base and prec ious metals and may be the  lode source f o r  
t he  p l ace r  deposi ts.  

Hot Spr ings D i s t r i c t  - 
About *I4 m i l l i o n  g of go ld  and 213,000 kg o f  t i n  have been produced from 

the  Tof ty  area i n  t he  Hot Spr ings d i s t r i c t ;  approximately 1.8 m i  1 l i o n  kg of 
t i n  are est imated t o  remain (Table 2, P l a t e  2)  (Wayland, 1961; Bundtzen, 1980; 
Robinson and others, 1982; Warner and Southworth, 1985). The heavy minera l  
concentrates i nc l ude  brown tourmaline, c a s s i t e r i t e  (wood t i n ) ,  chromi te, 
aeschyite, t a n t a l  i te, and monazite. Bedrock i n  the area cons js ts  o f  low-grade 
metamorphic rocks, serpentine, gabbro, quar tz  monzoni te, and g ran i t e .  The 
p lacers  a re  i n  modern stream deposi ts  and i n  bench deposi ts  extending f o r  a  
d i s t a n c e  o f  19  km. The l o d e  sou rce  o f  Sn i s  p r o b a b l y  r e l a t e d  t o  g r a n i t i c  
p lu tons  i n  t he  area. C las ts  o f  p h y l l i t e  and quar tz  b recc ia  are found w i t h  
masses o f  c a s s i t e r i t e  i n  the  p lacers  and i n d i c a t e  t h a t  some o f  t h e  t i n  has 
been der ived  from Sn veins i n  metamorphic rocks. 

Tolovana D i s t r i c t  

The Tolovana d i s t r i c t  depos i ts  a re  i n  stream and bench g rave l  on a mature 
eros ion sur face l a r g e l y  bur ied  by younger sediment (Table 2,  P l a t e  2 ) .  Gold 
a l so  i s  present  i n  bur ied  bedrock benches t h a t  are no t  completely exhumed. 
Approximately 11.7 m i l l i o n  g o f  go ld  has been produced. The Livengood go ld  
p l ace r  depos i t  on Livengood Creek, t he  l a r g e s t  p l ace r  mine i n  the  d i s t r i c t ,  
has been worked i n t e r m i t t a n t l y  f o r  70 years. Th is  deposi t ,  which l i e s  beneath 
a l aye r  o f  f rozen  s i l t  nd barren g rave l  as much as 160 m t h i ck ,  i s  est imated 3 3 t o  con ta in  30 m i l l i o n  m o f  g rave l  averaging 1.4 g/m Au. Gold i n  t he  d i s t r i c t  
may be der ived  from po lymeta l l  i c  ve in  deposi ts  associated w i t h  Cretaceous 
g r a n i t i c  p lu tons  i n  t he  area. 



Major P lacer  D i s t r i c t s  - East-Central Alaska 

Major p l ace r  $ d i s t r i c t s  a re  a t  Bonnf i e l d ,  C i r c l e ,  Eagle, Fairbanks, and 
Fo r t ym i l e  i n  t he  Yukon-Tanana Upland and a t  Kantishna i n  east -cent ra l  Alaska 
( T a b l e  2, P l a t e  2 ) .  The l a r g e s t  p r o d u c e r  o f  p l a c e r  g o l d  i n  A l a s k a  i s  t h e  
Fairbanks d i s t r i c t ,  which has produced about 238 m i l l i o n  g o f  gold. Other 
major producers a re  the  Fo r t ym i l e  d i s t r i c t  w i t h  13 m i l l i o n  g and t he  C i r c l e  
d i s t r i c t  w i t h  23 m i l  l i o n  g. Gold,  base-metal  s u l f i d e s ,  c i nnaba r ,  n a t i v e  
s i l v e r ,  schee l i te ,  and o the r  heavy minera ls  i n  t he  p l ace r  depos i t s  i n  these 
d i s t r i c t s  a re  probably  der i ved  from Au quar tz  vein, polymetal  l i c  vein, W 
skarn, and poss ib l e  massive s u l f i d e  depos i t s  i n  t he  region. Sparse chromi te  
and PGE a re  probably  der i ved  from C r  depos i ts  i n  mafic and u l t r a m a f i c  bodies 
i n  t h r u s t  s l i ces .  

Fairbanks D i s t r i c t  

The Fairbanks d i s t r i c t ,  w i t h  p roduc t ion  o f  238 m i l l i o n  g o f  gold, has 
produced more p l ace r  go ld  than any o the r  d i s t r i c t  o f  Alaska (Table 2, P l a t e  2)  
(Cobb, 1973). The area a lso  conta ins r i c h  lode go ld  depos i ts .  Th is  r eg ion  of 
Alaska has n o t  been r e c e n t l y  g lac ia ted ,  which may account f o r  the  presence of 
we1 1-developed and we1 1-preserved depos i ts .  The subdued topography r e f  1  ec t s  
t he  long e ros iona l  cyc les  t h a t  have operated i n  t he  area, a1 lowing ample t ime 
f o r  t h e  e ros ion  o f  g o l d  lode depos i t s  and t he  development o f  p l ace r  depos i ts .  
S e v e r a l  c y c l e s  o f  a l l u v i a t i o n  d u r i n g  t h e  P l e i s t o c e n e  have p e r i o d i c a l l y  
concentrated and reconcent ra ted the  go ld  and assoc ia ted heavy minerals.  Late  
T e r t i a r y  and Quaternary a l l u v i a t i o n ,  caused i n  p a r t  by t e c t o n i c  a c t i o n  and 
( o r )  t he  risse o f  l o c a l  base l eve l ,  has r e s u l t e d  i n  t h e  depos i t i on  of as much 
as 320 m of coarse g rave l  depos i ts .  A l a t e r  pe r i od  o f  e ros ion  has r e s u l t e d  i n  
removal o f  much o f  t he  grave l ,  bu t  basal paystreaks remain l a r g e l y  i n t a c t .  The 
a u r i f e r o u s  grave l ,  ma in ly  o f  l a t e  T e r t i a r y  and Quaternary age, a re  now bu r i ed  
by f rozen  s i l t  and o the r  sediment, i n c l u d i n g  windblown loess, which must be 
thawed before min ing t h e  under l y ing  grave ls .  

C i r c l e  D i s t r i c t  

P l a c e r  g o l d  has been mined i n  t h e  C i r c l e  d i s t r i c t  s i n c e  1892, and 
approx imate ly  23 m i l l i o n  g o f  go ld  has been produced over  t he  l a s t  90 years 
(Tab le  2, P l a t e  2 )  (Yeend, 1982). Gold  i s  c o n c e n t r a t e d  i n  a l l u v i a l  and 
c o l l u v i a l  depos i t s  i n  t he  stream v a l l e y s  d r a i n i n g  i n t o  B i r c h  and Crooked 
Creeks i n  t he  east -cent ra l  p a r t  of t he  C i r c l e  quadrangle. I n  t h g  Nor th  Fork o f  
Har r i son  Creek, go ld  values Sange from $0.52 t o  $17.80 per  m bu t  a re  most 
commonly $3.10 t o  $8.40 per m . 

S u b s t a n t i a l  amounts o f  g o l d  rema in  i n  t h e  C i r c l e  d i s t r i c t ,  and many 
p l ace r  depos i t s  a re  c u r r e n t l y  be ing mined. Approximately 500 miners were 
working j n  t h e  C i r c l e  d i s t r i c t  du r ing  t he  summer o f  1980. Many gold-bearing 
stream channels p rev i ous l y  unmined have become a t t r a c t i v e  as a r e s u l t  of 
recen t  increases i n  t h e  go ld  p r i ce .  A moderately large, low-grade, bu t  as y e t  
l a r g e l y  unevaluated go ld  resource may be contained i n  t he  ex tens ive  va l l ey -  
fill depos i t s  i n  the lower reaches of Crooked and B i r c h  Creeks, as w e l l  as i n  
t he  broad topographic t rough on t h e  south s ide  o f  t he  Crazy Mountains. 



D i  s t r i c t  

The Fortymi l e  d i s t r i c t  (Table 2, P la te  2) i s  one o f  t he  o l des t  d i s t r i c t s  
i n  Alaska, go ld  having been discovered near t he  mouth o f  t he  Fortymi l e  R iver  
i n  1886 (Cobb, 1973; Eakins and others,  1983). From the  t ime o f  d iscovery 
t h r o u g h  1961, p l a c e r s  i n  t h e  F o r t y m i l e  d i s t r i c t  were worked  e v e r y  year,  
y i e l d i n g  a t o t a l  o f  about 13 m i l  l i o n  g o f  gold. The source o f  the  go ld  i n  the  
p lacers  i s  probably small p o l y m e t a l l i c  ve in  and Au quar tz  ve in  deposi ts  i n  
metamorphic rocks near contacts  w i t h  Cretaceous and e a r l y  T e r t i a r y  g r a n i t i c  
plutons. Heavy minera ls  i n  the  p l ace r  deposi ts  cons i s t  o f  magnetite, i lmen i te ,  
hemati te, ba r i t e ,  garnet, and p y r i t e  and o the r  su l f i des .  Small amounts of 
schee l i t e  were repor ted  from Chicken Creek and i t s  t r i b u t a r i e s .  Both stream 
and bench p lacers  have been mined i n  the  Fo r t ym i l e  d i s t r i c t .  Gold nuggets as 
heavy as 780 g have been recovered from Jack Wade Creek, and commonly as much 
as 25 percent  o f  t he  go ld  recovered i s  o f  jewe l ry  s i z e  o r  la rger .  As r e c e n t l y  
as 1982 t h e r e  were 26 a c t i v e  p lacer  mines i n  t he  d i s t r i c t .  

Kantishna D i s t r i c t  

Gold p lacer  deposi ts  i n  the  Kantishna d i s t r i c t  a re  present  i n  modern 
streams and benches (Gi 1  b e r t  and Bundtzen, 1979; Bundtzen, 1981 ). Scheel i t e  
and n a t i v e  s i l v e r  nuggets  o c c u r  i n  t h e  d e p o s i t s .  The g o l d  and s i l v e r  a r e  
probably der ived main ly  from p o l y m s t a l l i c  ve in  deposi ts  t h a t  formed dur ing  
Cretaceous reg iona l  metamorphism and p lu ton ism i n  t he  region. The Kantishna 
d i s t r i c t  c o n t a i n s  a r i c h  l o d e  source  f o r  p l a c e r  d e p o s i t s ,  b u t  p l a c e r  
p roduc t ion  i s  c u r r e n t l y  modest; the  d i s t r i c t  has produced about 1.4 m i l l i o n  g 
Au. 

Major P lacer  D i s t r i c t s  - 
Southern Alaska Range and Wrangell Mountains, Southern Alaska 

Major p lacer  deposi ts  occur i n  t he  Chisana, Chistochina, De l t a  River, 
Niz ina, Valdez Creek, and Yentna d i s t r i c t s  i n  southern Alaska (Table 2, P l a t e  
2) .  The l a r g e s t  p roducer  o f  p l a c e r  g o l d  i n  t h e  a r e a  i s  t h e  C h i s t o c h i n a  
d i s t r i c t  w i t h  4.4 m i l l i o n  g o f  go ld  s ince  d iscovery i n  1898. Cass i te r i te ,  
galena, magneti te, mol ybdeni te, n a t i v e  copper, p y r i t e ,  s i  l ve r ,  PGE, and o the r  
heavy minera ls  are probably  der i ved  from a v a r i e t y  o f  lode deposi ts,  i n c l u d i n g  
Cu-Ag vein, p o l y m e t a l l i c  vein,  skarn, and porphyry deposi ts,  and from Late 
Jurass ic  and o l d e r  f lysch,  Late Jurass ic  and E a r l y  Cretaceous f l y s c h  of t he  
Gravina-Nutzot in be1 t, and T e r t i a r y  sandstone. PGE and chromi t e  a re  probably 
main ly  der i ved  from T r i a s s i c  u l t r a m a f i c  rocks associated w i t h  the  N i  k o l a i  
Greenstone. Na t i ve  Cu i s  probably der i ved  from the  N i k o l a i  Greenstone and 
associated basal t i c  Cu deposi ts.  

Yenta D i s t r i c t  - 
Placer  deposi ts  i n  the  Yentna d i s t r i c t  (Table 2, P la te  2)  a re  i n  stream 

and bench d e p o s i t s ,  P l e i s t o c e n e  g l  a c i o f l  u v i a 1  d e p o s i t s ,  and T e r t i a r y  
conglomerate and sandstone (Cobb, 1973). P lacer  mining i n  the  Yenta d i s t r i c t  
occurs ma in ly  i n  the  Petersvi l le-Cache Creek area, which has had a t  l e a s t  12 
separate mining operat ions. The l a r g e s t  mining opera t ion  uses two f l o a t i n  
dredges supported by th ree  l a r g e  backhoes and has a capac i ty  of about 3,800 m 

3 
per day. The d i s t r i c t  has produced approximately 3.58 m i l l i o n  g o f  go ld  (Table 
2). 



Valdez Creek D i s t r i c t  -- 
P l a c e r  d e p o s i t s  i n  t h e  Valdez Creek d i s t r i c t  ( T a b l e  2, P l a t e  2)  a r e  

ma in ly  i n  a  bu r i ed  gold-bearing g r a v e l - f i  1  l e d  channel, t he  Tammany channel, i n  
t he  Valdez Creek drainage. Th is  channel has been mined on a moderately l a r g e  
scale. The mine i s  an openpi t  opera t ion  and employs as many as 70 persons 
(B ress l e r  and others,  1985). Gold was o r i g i n a l l y  d iscovered on Valdez Creek i n  
1902, and soon t h e r e a f t e r  t h e  b u r i e d  channe l  was f ound  t o  contairi r i c h  
concen t ra t ions  o f  p l ace r  gold. Approximately 1.2 m i l l i o n  g o f  go ld  has been 
produced f r om t h e  channel ,  and an a d d i t i o n a l  2.1 m i l l i o n  g  f g o l d  i s  
estimated. The h i  h-grade g rave l  averages more than 8 g go ld  per 118 (B ress le r  
and others,  19853. Exp lo ra t i on  has i d e n t i f i e d  mu1 t i p l e ,  superposed, gold- 
bear ing  paleochannels, i n d i c a t i n g  a h i s t o r y  o f  successive downcutt ing and 
f l u v i a l  depos i t i on .  The p l ace r  go ld  mines i n  t h i s  d i s t r i c t  are  some o f  t he  
1  a rges t  i n  A1 aska. 

Chis toch ina D i s t r i c t  

P lacer  go ld  depos i t s  have been worked i n t e r m i t t e n t l y  i n  the  Chis toch ina 
d i s t r i c t  ( T a b l e  2, P l a t e  2 )  i n  t h e  e a s t e r n  A l a s k a  Range s i n c e  t h e  e a r l y  
19001s, w i t h  p roduc t ion  of approximately 4.4 m i l  l i o n  g o f  go ld  (Yeend, 1981a, 
b). Dur ing t h e  summer o f  1985, about s i x  depos i t s  were being mined, t h ree  of 
which were i n  the  S l a t e  Creek area. The go ld  occurs i n  p o o r l y  so r ted  g rave l  
t h a t  has d i ve r se  o r i g i n s  and inc ludes  a1 l u v i  um, c o l  l u v i  urn, and g l  a c i o f  l u v i a l  
d e p o s i t s .  We1 1-rounded b o u l d e r s  and c o b b l e s  d e r i  ved f r o m  T e r t i a r y ( ? )  
conglomerate a re  common i n  t h e  deposi ts.  Gold nuggets are r a r e  and seldom 
exceed 6 mrn i n  diameter. The bu lk  o f  t h e  go ld  occurs as t h i n  p l a t e s  l ess  than 
1 mm i n  diameter, and l a r g e  q u a n t i t i e s  o f  b lack sand make complete separat ion 
of the  go ld  d i f f i c u l t .  The source o f  t he  go ld  i s  probably  t he  T e r t i a r y ( ? )  
conglomerate t h a t  i s  present  i n  smal l  i s o l a t e d  outcrops and commonly as smal l  
f a u l t  s l i v e r s .  I n  t he  S l a t e  Creek area, T e r t i a r y ( ? )  conglomerate caps t he  h i gh  
h i l l s  t o  t h e  n o r t h  between S l a t e  Creek and t h e  C h i s t o c h i n a  G l a c i e r .  The 
u l t i m a t e  source o f  t he  go ld  and o f  t he  c l a s t s  i n  t h e  T e r t i a r y ( ? )  conglomerate 
i s  probably  on t he  n o r t h  s i d e  o f  t he  nearby Denal i  f a u l t .  

Major P lacer  D i s t r i c t s  - 
Kodiak Is land,  Tal  keetna and Chugach Mountains, Southern A1 as ka 

Major p l ace r  depos i t s  occur i n  t h e  Kodiak, Hope, Nelchina, and Wi l low 
Creek d i s t r i c t s  on Kodiak I s l a n d  and i n  the  Talkeetna and Chugach Mountains 
(Cobb, 1973) (Table 2, P l a t e  2).  The l a r g e s t  producer i s  t he  Hope d i s t r i c t  
w i t h  approx imate ly  3.1 m i  1  l i o n  g  o f  gold. Gold, cinnabar, magnetite, n a t i v e  
copper and s i l v e r ,  p y r i t e ,  and s c h e e l i t e  i n  t he  Hope, Kodiak, and Nelchina 
d i s t r i c t s  a re  probably  der i ved  main ly  from Au qua r t z  ve i n  lode depos i t s  i n  t he  
Late Cretaceous metagraywacke and p h y l l i t e  of t he  Valdez Group and poss ib l y  
from e a r l y  T e r t i a r y  g r a n i t i c  p lu tons  i n t r u d i n g  t h e  Valdez Group. Chromi t e  and 
PGE i n  t he  Kodiak d i s t r i c t  a re  probably  de r i ved  from t h e  i n f o r m a l l y  named 
Border  Ranges u l t r a m a f i c  and m a f i c  complex o f  Burns (1985) .  G o l d  and 
c h a l c o p y r i t e  i n  t h e  Wi l low Creek d i s t r i c t  a re  der i ved  from Au quar tz  ve i n  
depos i t s  occu r r i ng  ma in ly  i n  the  Tal  keetna Mountains bath01 i th .  

P lacer  Au and T i  i n  modern beach depos i t s  a l s o  a re  present  i n  t he  Yakataga 
and Y a k u t a t  d i s t r i c t s  and i n c l u d e  t h e  L i t u y a  Bay d e p o s i t  Thomas and a B e r r y h i l l ,  1962) (Table 2, P l a t e  1). The l a r g e s t  p lacer-go ld  p ro  ucer i s  t h e  
Yakataga d i s t r i c t ,  which has produced about 498,000 g o f  gold. Gold, chromite, 
magnetite, n a t i v e  copper, and o ther  heavy minera ls  were probably der i ved  from 



a combination o f  bedrock sources i n  eastern southern Alaska. These deposi ts  
are near the  mouth o f  t he  Copper R iver  which d ra ins  a major p a r t  o f  eastern 
southern Alaska, i n c l u d i n g  p a r t s  o f  the  Wrangel 1  ia ,  Peninsular,  Chugach, and 
Pr ince  W i  11 iam te r ranes  (P la te  1 ). 

Major P lacer  D i s t r i c t s  - Southeastern Alaska 

Major p l ace r  depos i ts  occur i n  t he  Juneau and Porcupine Creek d i s t r i c t s  i n  
southeastern Alaska (Wright, 1904: Cobb, 1973) (Table 2, P l a t e  2). The Juneau 
and Porcupine Creek d i s t r i c t s  have produ.ced about 1.9 m i l l i o n  g o f  go ld  each. 
The Porcupine Creek p lacer  deposi ts  a re  i n  bench and stream gravel .  The Juneau 
d i s t r i c t  deposi ts  a re  i n  h i l l ,  res idual ,  gulch, and creek placers.  A l l u v i a l  
g rave l  conta ins most of the  p lacer  gold, though much o f  the  go ld  has been 
eroded and t ranspor ted  by g l a c i e r s  and some i s  i n  submerged g l a c i a l  deposi ts.  
P lacer  go ld  and assoc ia ted heavy minera ls  i n  the  Juneau d i s t r i c t  deposi ts  are 
probably der i ved  ma in ly  from Au quar tz  ve in  depos i ts  i n  t he  Juneau go ld  b e l t .  

SUMMARY 

The l o c a l  geology, geo log ic  se t t i ng ,  c l a s s i f i c a t i o n ,  and meta l logenesis  
of t he  major m e t a l l i f e r o u s  lode and p lace r  minera l  depos i ts  o f  Alaska a re  
descr ibed f o r  each of seven reg ions making up t he  s ta te .  The depos i ts  a re  
c l a s s i f i e d  i n t o  types by comparing t he  p r o p e r t i e s  o f  each depos i t  w i t h  newly 
deve loped  m i  ne ra l - depos i  t model s. The m i n e r a l  - d e p o s i t  t y p e s  i n  A1 aska 
gene ra l l y  form s p e c i f i c  s u i t e s  f o r  each geographic region. Wi th in  each region, 
t he  metal 1  i f e r o u s  lode minera l  deposi ts  a re  general  l y  r e s t r i c t e d  t o  geolog ic  
u n i t s  of narrow age ranges major fo ld ,  th rus t ,  and ( o r )  igneous be l t s .  The 
o r i g i n  and m o d i f i c a t i o n  o f  t h e  l o d e  d e p o s i t s  i n  t h e s e  b e l t s  i s  m a i n l y  i s  
re1 ated t o  s p e c i f i c  sedimentary, magmatic, metamorphic, and ( o r )  deformat ional  
events: Deep marine, con t i nen ta l  she l f ,  and ep i con t i nen ta l  sedimentation; 
volcanism and p l u t o n i  sm i n  i s l  and-arc o r  i n  submerged c o n t i  nental-margi n  a rc  
se t t ings ;  a rc  and backarc volcanism and p l  u ton i  sm along con t i nen ta l  margins; 
oceanic r i f t i n g  and con t i nen ta l  r i f t i n g ;  reg iona l  metamorphism: and reg iona l  
deformation. 

The northwestern Brooks Range conta ins severa l  sedimentary exha la t i ve  Zn- 
Pb, one bedded ba r i t e ,  severa l  podi form chromite, one Kipushi  Cu-Pb-Zn, and 
var ious ve in  deposi ts.  The southern f l a n k  o f  t he  c e n t r a l  Brooks Range conta ins 
an extens ive s u i t e  o f  major Kuroko massive s u l f i d e  depos i ts  and one major 
carbonate-hosted Kipushi  Cu-Pb-Zn deposi t .  The c e n t r a l  Brooks Range conta ins a 
s u i t e  o f  o f  moderate-size po ly rne ta l l i c  vein, Au quar tz  vein, Sb-Au vein, 
p o r p h y r y  Cu and Mo, and Cu-Pb-Zn and Sn ska rn  d e p o s i t s .  The n o r t h e a s t e r n  
Brooks  Range c o n t a i n s  a c l u s t e r  o f  Pb-Zn skarn ,  p o l y m e t a l l i c  ve in ,  and 
porphyry Mo deposi ts.  The Brooks Range conta ins f i v e  major d i s t r i c t s  o f  p l ace r  
Au deposi ts.  

The Seward Peninsula conta ins an extens ive s u i t e  o f  Sn vein, Sn skarn, 
and Sn g r e i s e n  d e p o s i t s ,  a s u i t e  o f  Au quartz  v e i n  d e p o s i t s ,  s e v e r a l  
p o l y m e t a l l i c  ve in  deposits, and i n d i v i d u a l  porphyry Mo, f e l s i c  p l u t o n i c  U, 
sandstone U, and metamorphosed s u l f i d e  deposi ts.  The Seward Peninsula conta ins 
f o u r  m a j o r  d i s t r i c t s  o f  p l a c e r  Au d e p o s i t s  and two d i s t r i c t s  o f  combi ned 
p lace r  Au and Sn deposi ts.  

The southwestern Kuskokwim Mountains o f  west-central  Alaska con ta in  an 
Sb-Hg ve in  deposit, a  zoned maf i c -u l  t r ama f i  c Fe-Ti deposi t ,  and a hot -spr i  ng 
Hg deposi t .  The c e n t r a l  Kuskokwim Mountains con ta in  a complex and extens ive 



s u i t e  of Au quar tz  vein,  Sb-Au vein, p o l y m e t a l l i c  vein, ep i thermal  vein,  ho t  
sp r i ng  Hg, Cu and Fe skarn, and f e l s i c  p l u t o n i c  U deposi ts,  and a carbonate- 
hosted s u l f i d e  deposi t .  The nor theas te rn  Kuskokwim Mountains conta ins severa l  
pod i form chromi te  depos i t s  i n  t h i n  d iscont inuous t h r u s t  sheets of u l t r ama f i c  
and r e l a t e d  rocks. The west-central  Yukon-Koyukuk bas in  i n  west-central  Alaska 
con ta ins  a  s u i t e  o f  p o l y m e t a l l i c  ve i n  and porphyry Mo and Cu deposi ts.  The 
nor thern  and eas te rn  Yukon-Koyukuk bas in  con ta ins  s u i t e s  o f  f e l s i c  p l u t o n i c  U, 
po l yme ta l l  i c  and ep i thermal  vein,  and W skarn depos l t s  and a s u i t e  o f  pod i form 
chromi te  and serpen t in i te -hos ted  asbestos depos i t s  i n  t h i n  d iscont inuous 
t h r u s t  sheets o f  u l t r a m a f i c  and r e l a t e d  rocks. West-central Alaska conta ins 
seven m a j o r  d i s t r i c t s  o f  p l a c e r  Au d e p o s i t s  and two  m a j o r  d i s t r i c t s  o f  
combined p l a c e r  PGE and Au deposi ts.  

The M a n l e y  and  L i v e n g o o d  a r e a  i n  e a s t - c e n t r a l  A l a s k a  c o n t a i n s  
po l y rne ta l l i c  vein, Sb-Au vein, Mn-Ag vein, Hg vein, f e l s i c  p l u t o n i c  U, Sn 
greisen, and Sn ve in  deposi ts.  The nor thern  and c e n t r a l  p a r t s  o f  t he  Yukon- 
Tanana Upland i n  eas t -cen t ra l  Alaska con ta ins  s u i t e s  o f  Sb-Au vein, Au-quartz 
vein, p o l y m e t a l l i c  vein, W skarn, and porphyry Cu-Mo deposi ts,  a  Au-As ve in  
deposi t ,  and a Sn g re isen  depos i t .  The Manley and Livengood area a l so  con ta ins  
a  se rpen t in i te -hos ted  asbestos depos i t  and a minor P t  depos i t  i n  t h r u s t  sheets 
o f  u l t r a m a f i c  and assoc ia ted rocks. The nor thern  Alaska Range i n  east -cent ra l  
Alaska con ta ins  an ex tens ive  d i s t r i c t  o f  p o l y m e t a l l i c  and Sb-Au ve in  and 
Kuroko massive s u l f i d e  depos i ts .  East -cent ra l  Alaska con ta ins  nine major 
p l ace r  Au d i s t r i c t s .  

The A leu t i an  I s l ands  and southwest Alaska Peninsula con ta in  an ex tens ive  
s u i t e  o f  ep i thermal  and p o l y m e t a l l i c  ve i n  and porphyry Cu and Mo depos i ts .  The 
n o r t h e a s t  A l a s k a  P e n i n s u l a  c o n t a i n s  s u i t e s  o f  Cu-Zn-Au and Fe skarn ,  

o l y m e t a l l i c  vein, and porphyry Cu deposi ts,  and one ep i thermal  ve i n  depos i t .  
Th is  r eg ion  conta ins no major p l ace r  d i s t r i c t s .  

The southwestern Alaska Range i n  southern Alaska con ta ins  a  s u i t e  of Cu- 
Pb-Zn skarn, p o l y m e t a l l i c  vein, Sn g re isen  and vein,  and porphyry Cu-Au and Mo 
ve in  depos i ts ,  a  Besshi massive s u l f i d e  deposi t ,  and a gabbroic N i - C U ( ? )  
depos i t .  The c e n t r a l  and eas te rn  Alaska Range and the  ,Wrangell  Mountains i n  
southern Alaska con ta i n  a  s u i t e  o f  Cu-Ag and Fe skarn, polymetal  l i c  vein, and 
porphyry Cu and Cu-Mo deposi ts,  and a s u i t e  o f  Cu-Ag quar tz  vein, b a s a l t i c  Cu, 
and Bessh i  mass ive  s u l f i d e  d e p o s i t s .  I n  s o u t h e r n  A laska,  t h e  T a l k e e t n a  
Mountains con ta i n  a  s u i t e  o f  Au quar tz  ve i n  deposi ts,  and a s u i t e  o f  pod i form 
chromi te  depos i t s  i s  present  on Kodiak Is land,  t he  Kenai Peninsula, and t he  
no r t he rn  Chugach Mountains. The southern Chugach Mountains, southeast Kenai 
Pe in insu la ,  and Kodiak I s l a n d  con ta in  an ex tens ive  s u i t e  of Au quar tz  ve i n  
deposits, and t he  Pr ince  W i l l i am  Sound d i s t r i c t  conta ins an ex tens ive  s u i t e  of 
Besshi and Cyprus massive s u l f i d e  deposi ts.  Southern Alaska conta ins eleven 
p l ace r  Au d i s t r i c t s  and one combined p l ace r  Au and T i  d i s t r i c t .  

The Coast Mountains r eg ion  i n  southeastern Alaska conta ins ex tens ive  
s u i t e s  of Au quar tz  vein, metamorphosed su l f i de ,  and zoned maf ic-ul  t ramaf ic  
deposi ts,  a  s u i t e  o f  Fe skarn and porphyry Mo deposi ts,  and a Besshi massive 
s u l f i d e  depos i t .  Cen t ra l  southeastern Alaska con ta ins  ex tens ive  s u i t e s  of 
Kuroko massive s u l f i d e  and bedded b a r i t e  deposI ts,  metamorphosed s u l f i d e  
deposi ts,  Cu-Zn-Au-Ag and Fe skarn and porphyry Cu deposi ts,  Au quar tz  ve i n  
deposi ts,  toned maf ic -u l  t r ama f i c  deposi ts,  a  gabbroic Ni-Cu deposi t ,  and a 
f e l s i c  p l u t o n i c  U and a sandstone U deposi t .  Coastal southeastern Alaska 
con ta ins  s u i t e s  o f  Au quar tz  ve i n  and gabbroic Ni-Cu depos i t s  and a b a s a l t i c  
Cu deposi t .  Southeastern Alaska conta ins two major p l ace r  Au d i s t r i c t s .  
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APPENDIX 1 - MAJOR TYPES OF ALASKAN METALLIFEROUS LODE AND 
PLACER MINERAL DEPOSITS 

CLASSIFICATION OF MINERAL ~EPOSITS 

M e t a l l i f e r o u s  lode deposi ts  i n  t h i s  r e p o r t  are c l a s s i f i e d  i n t o  29 types, 
and p lace r  deposi ts  are c l a s s i f i e d  i n t o  four  types, descr ibed below. This  
c l a s s i f i c a t i o n  o f  minera l  depos i ts  i s  main ly  de r i ved  from the  mineral-deposi t  
models developed by var ious s p e c i a l i s t s  and compiled i n  Cox and Singer (1986) 
and t o  a lesser  degree from those i n  the  p r i o r  compi la t ions o f  Er ickson (1982) 
and Cox (1983a, b). I n  additon, four minera l  depos i t  models f o r  m e t a l l i f e r o u s  
lode deposi ts  common i n  Alaska were newly formulated f o r  t h i s  study. These 
a d d i t i o n a l  models are f o r  metamorphosed su l f i de ,  Cu-Ag quar tz  vein, f e l s i c -  
p l u t o n i c  U lode, and p lace r  Sn deposi ts.  The lode-deposit types a re  l i s t e d  i n  
order  from those a t  o r  near the  surface, such as var ious  s t r a t i f o r m  deposi ts,  
t o  those formed a t  deeper leve ls ,  such as zoned maf ic -u l t ramaf ic  and podiform 
chromi te  deposi ts.  Types o f  p l ace r  deposi ts  are l i s t e d  l a s t .  Some types o f  
l o d e  m i n e r a l  d e p o s i t s ,  such  as  v a r i o u s  t y p e s  o f  c o n t a c t  metasomat ic  o r  
porphyry deposi ts,  share a  common o r i g i n  and are grouped together.  For a few 
lode deposits, l ack  o f  data precludes c l a s s i f i c a t i o n  i n t o  a  s p e c i f i c  minera l  
d e p o s i t  t ype .  For  t hese  d e p o s i t s ,  a b r i e f  d e s c r i p t i o n  o f  t h e  d e p o s i t  i s  
enclosed i n  parentheses under the  Type heading i n  Table 1. 

The m i n e r a l - d e p o s i t  models used i n  t h i s  r e p o r t  and as d e s c r i b e d  b y  
var ious mineral-deposi t s  geo log i s t s  i n  Cox and Singer (1986) cons i s t  of both 
d e s c r i p t i v e  and g e n e t i c  i n f o r m a t i o n  t h a t  i s  s y s t e m a t i c a l l y  a r ranged t o  
descr ibe the essen t i a l  p rope r t i es  of a  c lass  o f  minera l  deposi ts.  Some models 
a r e  d e s c r i p t i v e  ( e m p i r i c a l ) ,  i n  wh i ch  case t h e  v a r i o u s  a t t r i b u t e s  a r e  
recognized as essen t ia l ,  even though t h e i r  r e l a t i onsh iops  are unknown. An 
example of a  d e s c r i p t i v e  minera l  depos i t  model i s  the  b a s a l t i c  Cu model, as 
adapted f o r  t h i s  study, i n  wh-ich the  empi r i ca l  geolog ic  assoc ia t ion  o f  Cu 
su l f i des  w i t h  r e l a t i v e l y  Cu-rich metabasalt o r  greenstone i s  t he  essen t i a l  
a t t r i b u t e .  O t h e r  models a r e  g e n e t i c  ( t h e o r e t i c a l ) ,  i n  wh i ch  case t h e  
a t t r i b u t e s  are i n t e r r e l a t e d  through some fundamental concept. An example o f  a  
gene t i c  mineral-deposi t  model i s  the  W o r  Fe skarn (con tac t  metasomatic) 
depos i t  model, i n  which the  genet ic  process o f  contact  metasomatism i s  t he  
essen t i a l  a t t r i b u t e .  For a d d i t i o n a l  in fo rmat ion  on the  methodoloav o f  minera l  
deposi t  models, the  reader i s  r e f e r r e d  t o  the  d iscuss ion by C& and Singer 
(1986). 

LODE DEPOSIT TYPES 

Kuroko Massive S u l f i d e  Deposi t  
(Donald A. Singer fi Cox and Sjnger, 1986) 

T h i s  d e p o s i t  t y p e  c o n s i s t s  o f  vo l canogen i c ,  mass ive  t o  d i s s e m i n a t e d  
su l f i des  i n  fe1 s i c  t o  in te rmed ia te  marine vo lcan ic  and p y r o c l a s t i c  rocks and 
interbedded sedimentary rocks. The vo lcan ic  rocks are main ly  r hyo l  i t e  and 
dac i  t e  w i t h  subordinate b a s a l t  and andesite. The depos i t iona l  environment i s  
main ly  h o t  spr ings r e l a t e d  t o  marine volcanism i n  is land-arc  o r  extens ional  
regimes. The depos i t  minera ls  inc lude  p y r i t e ,  cha lcopyr i te ,  spha le r i  te, and 
l esse r  galena, t e t r a h e d r i  te,  tennant i  te, and magnetite. A1 t e r a t i o n  products 
i n c l u d i n g  zeo l i t e ,  montmori l  l o n i t e ,  s i l i c a ,  c h l o r i t e ,  and s e r i c i t e  may be 
present. Notable examples o f  Kuroko massive s u l f i d e  deposi ts  i n  Alaska a re  the  
Arc t i c ,  Smucker, and Sun deposi ts  i n  the  Brooks Range, t he  WTF, Red Mountain 
deposi ts,  and De l t a  d i s t r i c t  depos i ts  i n  east -cent ra l  Alaska, and t he  Greens 
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Creek, G lac i e r  Creek, Khayyam, and Orange Po in t  depos i ts  i n  southeastern 
A1 aska. 

Besshi Massive S u l f i d e  Depos i t  
(Dennis P. Cox - i n  Cox and Singer, 1986) 

Th is  depos i t  t ype  cons i s t s  o f  t h i n ,  s h e e t l i k e  bodies o f  massive t o  we l l -  
laminated p y r i t e ,  p y r r h o t i  te,  and cha lcopyr i te ,  and l ess  abundant s u l f i d e  
minerals,  w i t h i n  t h i n l y  laminated c l a s t i c  sedimentary rocks and maf i c  t u f f .  
The rock types a re  main ly  marine c l a s t i c  sedimentary rocks, b a s a l t i c  and 
l esse r  andes i te  t u f f  and breccia,  and l o c a l  b lack  shale and red  cher t .  The 
depos i t i ona l  environment i s  uncer ta in ,  bu t  may poss ib l y  be submarine h o t  
sp r ings  r e l a t e d  t o  submarine b a s a l t i c  volcanism. Associated minera ls  i nc l ude  
spha le r i  t e  and l esse r  magnetite, galena, bo rn i  te, and t e t r a h e d r i  te, w i t h  
gangue quartz,  carbonate, a1 b i  te, wh i t e  mica, and c h l o r i t e .  A1 t e r a t i o n  i s  
sometimes d i f f i c u l t  t o  recognize because o f  metamorphism. Notable examples o f  
Besshi massive s u l f i d e  depos i ts  i n  Alaska a re  t h e  Midas, Latouche, Beatson, 
E l l a m a r ,  and F ida lgo -A laska  mines i n  t h e  P r i n c e  W i l l i a m  Sound r e g i o n  of 
southern Alaska. 

Cyprus Massive Su l f i de  Depos i t  
(Donald A. Singer Cox and Singer, 1986) 

Th is  depos i t  type cons is ts  of massive s u l f i d e s  i n  p i l l o w  basal t .  The 
depos i t i ona l  environment cons i s t s  o f  submarine h o t  sp r ings  along an a x i a l  
graben i n  o c e a n i c  o r  backa rc  s p r e a d i n g  r i d g e s  o r  h o t  s p r i n g s  r e l a t e d  t o  
submarine volcanoes i n  seamounts. The depos i t  minera ls  cons i s t  main ly  of 
p y r i t e ,  cha lcopyr i te ,  spha le r i  te,  and l esse r  marcasi t e  and p y r r h o t i  te.  The 
s u l f i d e s  occur i n  p i  1  low basal  t s  t h a t  a re  associated w i t h  tec ton ized  duni te,  
harzburg i  te,  gabbro, sheeted diabase dikes, and f i  ne-grained sedimentary 
rocks, a l l  p a r t  o f  an o p h i o l i t e  assemblage. Beneath t he  massive s u l f i d e s  i n  
p laces i s  s t r i n g e r  o r  stockwork p y r i t e ,  p y r r h o t i  te,  minor cha lcopyr i te ,  and 
s p a l e r i t e .  The s u l f i d e  m i n e r a l s  a r e  l o c a l l y  b r e c c i a t e d  and recemented. 
A1 t e r a t i o n  i n  t he  s t r i n g e r  zone cons is ts  o f  abundant quartz, chalcedony, 
c h l o r i t e ,  and some ill i t e  and c a l c i t e .  Some depos i t s  are o v e r l a i n  by Fe-r ich 
and Mn-poor ochre. Notable examples o f  Cyprus massive s u l f i d e  depos i ts  i n  
A l a s k a  a r e  t h e  K n i g h t  I s l a n d  and Threeman mines and t h e  Copper B u l l i o n  
deposi t ,  a l l  i n  coas ta l  southern Alaska. 

Sedimentary Exhal a t i v e  Zn-Pb Deposi t  
(Joseph A. Br iskey  in Cox and Singer, 1986) 

T h i s  d e p o s i t  t y p e  c o n s i s t s  o f  s t r a t i f o r m ,  mass ive  t o  d i s s e m i n a t e d  
s u l f i d e s  i n  s h e e t l i k e  o r  l e n s l i k e  t a b u l a r  bodies t h a t  are interbedded w i t h  
e u x i n i c  marine sedimentary rocks i n c l u d i n g  dark  shale, s i  1  tstone, 1 imestone, 
chert ,  and sandstone. The depos i t i ona l  environment cons is ts  main ly  o f  marine 
e p i c r a t o n i c  embayments and i n t r a c r a t o n i c  basins, w i t h  smal ler  l o c a l  r e s t r i c t e d  
basins. The depos i t  m inera ls  i nc l ude  p y r i t e ,  p y r r h o t i  te,  spha le r i  te,  galena, 
ba r i t e ,  and cha lcopyr i te .  Extens ive a1 t e r a t i o n  may be present, i n c l u d i n g  
stockwork and disseminated su l f i des ,  s i l i c a ,  a1 b i  te, and c h l o r i t e .  Notable 
exam l e s  o f  sedimentary exha la t i ve  Zn-Pb depos i t s  i n  Alaska a re  t he  L i k  and g Red og Creek depos i t s  i n  t he  northwestern Brooks Range. 



Kipushi  Cu-Pb-Zn (carbonate-hosted Cu) Deposi t  
(Dennis P. Cox in Cox and Singer, 1986) 

This  depos i t  t ype  cons is ts  o f  stratabound, massive s u l f i d e s  hosted ma in ly  
i n  d o l o m i t i c  brecc ia .  The depos i t i ona l  environment cons i s t s  main ly  of stong 
f l u i d  f l o w  along f a u l t s  o r  ka rs t (? ) -b recc ia  zones. Genera l ly  no rocks o f  
unequivocal igneous o r i g i n  are r e l a t e d  t o  the deposi t .  The depos i t  minera ls  
i nc l ude  p y r i t e ,  bo rn i  te, chal  coc i  te, cha lcopyr i te ,  c a r r o l l  i te, spha le r i  te ,  and 
tennant i  t e  w i t h  minor r e n i e r i  t e  and germanite. Local dolomite,  s i d e r i t e ,  and 
s i l i c a  a l t e r a t i o n  may occur. Notable examples of carbonate-hosted Cu deposi ts  
i n  Alaska a re  the  Ruby Creek and Omar depos i ts  i n  the  Brooks Range. 

Metamorphosed Su1 f i  de Deposi t  
( t h i s  study) 

T h i s  d e p o s i t  t y p e  c o n s i s t s  o f  s t r a tabound ,  mass ive  t o  d i s s e m i n a t e d  
s u l f i d e s  h o s t e d  i n  m o d e r a t e l y  t o  h i g h l y  me tamorphosed  and  d e f o r m e d  
metavolcanic o r  metasedimentary rocks. Metamorphism and deformat ion have 
o b s c u r e d  p r o t o l i t h s  o f  h o s t  r o c k s  and d e p o s i t s  so a s  t o  p r e c l u d e  
c l a s s i f i c a t i o n  i n t o  more s p e c i f i c  depos i t  types. The i n t e r p r e t e d  hos t  rocks 
f o r  t h e s e  d e p o s i t s  a r e  m a i n l y  f e l s i c  t o  m a f i c  m e t a v o l c a n i c  r o c k s  and 
metased imenta ry  o r  m e t a v o l c a n i c  s c h i s t  and g n e i s s .  The d e p o s i t  m i n e r a l s  
i nc l ude  cha lcopyr i te ,  spha le r i te ,  galena, and born i te ,  sometimes w i t h  p y r i t e ,  
magnetite, and hematite. A l t e r a t i o n  i s  u s u a l l y  d i f f i c u l t  t o  recognize because 
o f  metamorphism. These deposi ts  occur ma in ly  i n  the reg iona l  metamorphic rocks 
i n  s o u t h e a s t e r n  A laska  i n  e i t h e r  t h e  i n f o r m a l l y  named Coast  p l u t o n i c -  
metamorphic. complex o f  Brew and Ford (1984a, b) o r  the  Alexander b e l t .  Notable 
examples of metamorphosed s u l f i d e  deposi ts  are t he  Sweetheart Ridge, Sumdum, 
Groundhog Basin, and Moth Bay deposi ts,  a l l  i n  southeastern Alaska. 

Bedded B a r i t e  Deposi t  
(Greta J. O r r i s  9 Cox and Singer, 1986) 

This  depos i t  t ype  cons is ts  o f  s t r a t i  form, massive b a r i t e  interbedded w i t h  
marine che r t y  and calcareous sedimentary rocks, main ly  dark  chert ,  shale, 
mudstone, and dolomite. The depos i t i ona l  environment cons is ts  o f  e p i c r a t o n i c  
marine basins o r  embayments, o f t e n  w i t h  smal ler  l o c a l  basins. Bedded b a r i t e  
deposi ts  a re  o f t e n  associated w i t h  sedimentary exhal a t i  ve Zn-Pb o r  Kuroko 
massive s u l f i d e  deposi ts,  descr ibed above. A l t e r a t i o n  cons i s t s  o f  secondary 
b a r i t e  ve in i ng  and loca l ,  weak t o  moderate s e r i c i t e  replacement. Associated 
minera ls  inc lude  minor w i  t h e r i  te, p y r i t e ,  galena, and spha le r i  te. Notable 
examples of bedded b a r i t e  deposi ts  i n  Alaska a re  the  Nimiuktuk depos i t  i n  t h e  
northwestern Brooks Range and the  Cas t le  I s l a n d  mine i n  southeastern A1 aska. 

Sandstone U Deposi t  
( C h r i s t i n e  Turner Peterson and C a r r o l l  A. Hodges 

i n  Cox and Singer, 1986) 

This  depos i t  t ype  cons is ts  of concentrat ions o f  U oxides and r e l a t e d  U 
minera l  s i n  l o c a l  i zed, reduced environments i n  medium- t o  coarse-grained 
f e l dspa th i c  o r  tu f faceous sandstone, arkose, mudstone, and conglomerate. The 
depos i t iona l  environment i s  con t i nen ta l  bas in  margins, f l u v i a l  channels, 
f l u v i a l  fans, o r  s t a b l e  coas ta l  p la in ,  sometimes w i t h  nearby f e l s i c  p lu tons  o r  
f e l s i c  vo lcan ic  rocks. The depos i t  minera ls  i nc l ude  pi tchblende, c o f f i n i  te, 
ca rno t i t e ,  and p y r i t e .  The notab le  example o f  a sandstone U depos i t  i n  Alaska 
i s  t he  Death Val l e y  depos i t  i n  west-central  Alaska. 



B a s a l t i c  Cu Deposi t  
(adapted from Dennis P. Cox i n  Cox and Singer, 1986) - 

This depos i t  type cons i s t s  of copper su l f i des  i n  l a r g e  p ipes and lenses 
i n  carbonate rocks w i t h i n  a  few tens o f  meters o f  disconforrnably under l y ing  
subaer ia l  basa l t .  The depos i t i ona l  environment cons i s t s  of subaer ia l  basal t s  
over1 a i n  by m i  xed shal  low marine and nearshore carbonate sedimentary rocks, 
i n c l u d i n g  sabhka fac ies  carbonate rocks; subsequent subaer i  a1 eroson, ground- 
water leach ing  and ( o r )  low-grade reg iona l  metamorphism may concent ra te  copper 
s u l f i d e s  i n t o  p i p e s  and lenses .  The d e p o s i t  m i n e r a l s  c o n s i s t  m a i n l y  o f  
cha l coc i  t e  and l esse r  bo rn i  te, cha lcopyr i te ,  and o the r  Cu su l f i des ,  p y r i t e ,  
and ox i d i zed  Cu minerals.  A l t e r a t i o n  minera ls  a re  sometimes obscured by, o r  
may include, malachi te,  azu r i t e ,  metamorphic c h l o r i t e ,  a c t i n o l i t e ,  epidote, 
a l b i t e ,  quartz, and zeol  i tes, and secondary do lomi te .  Notable examples o f  
b a s a l  t i c  Cu d e p o s i t s  i n  A l a s k a  a r e  t h e  Kenneco t t ,  Westover,  Nel  son, and 
Er ickson mines, a l l  i n  southern Alaska. Th is  depos i t  t ype  may be t r a n s i t i o n a l  
t o  Besshi massive s u l f i d e  deposi ts,  p a r t i c u l a r l y  those t h a t  occur i n  p e l i t i c  
sedimentary rocks i n t e r  layered w i t h  b a s a l t  and greenstone der i ved  from basa l t ,  
such as a t  t h e  Denal i  deposi t .  

Hot-Spri ng Hg Deposi t  
(James J. Rytuba in Cox and Singer, 1986) 

T h i s  d e p o s i t  t y p e  c o n s i s t s  o f  c i nnaba r ,  an t imony ,  p y r i t e ,  and m i n o r  
marcas i te  and n a t i v e  Hg i n  ve ins and i n  d isseminat ions i n  graywacke, shale, 
andes i te  and b a s a l t  flows, andes i te  t u f f  and t u f f  brecc ia ,  and diabase dikes.  
The deposit. iona1 environment i s  near the groundwater t a b l e  i n  areas of former 
ho t  spr ings.  Var ious a1 t e r a t i o n  m inera ls  such as kaol  i n i  te,  a l u n i  te, Fe 
oxides, and n a t i v e  s u l f u r  occur above the  former groundwater tab le ;  p y r i t e ,  
zeo l i t es ,  po tass i  urn fe ldspar,  c h l o r i t e ,  and quar tz  occur below t h e  former 
groundwater tab le .  Notable examples o f  ho t -sp r i  ng Hg depos i t s  i n  Alaska a re  
t he  Red Dev i l ,  DeCoursey Mountain, and Cinnabar Creek mines i n  west-central  
A1 as ka. 

Epi thermal Vein Depos i t  ' 

(Dan I. Mosier, Takeo Sato, Norman J Page, Donald A. Singer, 
and Byron R. Berger in Cox and Singer, 1986) 

Th is  depos i t  t ype  cons i s t s  o f  quartz-carbonate-pyri t e  ve ins w i t h  a  wide 
v a r i e t y  o f  m i n e r a l s ,  i n c l u d i n g  go ld ,  s i  l v e r  s u l f o s a l  t s ,  c h a l c o p y r i t e ,  
a rgen t i t e ,  galena, spha le r i  te, and arsenopyr i  te .  The vet ns occur i n  f e l s i c  t o  
in te rmed ia te  vo l can i c  rocks, sometimes o v e r l y i n g  o l de r  vo lcan ic  sequences o r  
igneous i n t r us i ons .  One c l ass  o f  ep i thermal  ve i n  depos i t s  such as those a t  
Creede, Colorado,  has h i g h  Pb, Zn, and Ag, somet imes h i g h  Cu, and l o w  Au 
concent ra t ions;  another class, such as those a t  Sado, Japan, has h i gh  Au, 
m o d e r a t e  t o  l o w  Ag, s o m e t i m e s  h i g h  Cu, and  g e n e r a l l y  l o w  Pb and Zn 
concent ra t ions.  For both groups, t he  hos t  vo l can i c  rock composi t ion ranges 
from andes i te  t o  r h y o l i t e .  The depos i t i ona l  environment i s  in te rmed ia te  t o  
f e l  s i c  v o l c a n i c  a r c s  and c e n t e r s .  A s s o c i a t e d  m i n e r a l s  i n c l u d e  e l ec t r um,  
c h a l c o p y r i t e ,  coppe r  and s i  l v e r  s u l f o s a l  t s ,  w i t h  l e s s e r  t e l l u r i d e s  and 
born i te .  A l t e r a t i o n  minera ls  i nc l ude  quartz,  k a o l i n i t e ,  montmor i l l on i te ,  
i l l i t e ,  and zeo l i t es .  Notable examples o f  ep i thermal  depos i t s  i n  Alaska a re  
t he  Aqu i l a  and Shumagin deposi ts,  and t he  Apol lo-S i tka mine on t he  Alaska 
Peninsula. 



LOW-Sulfide Au Quartz Vein Deposi t  
(Byron R. Berger Cox and Singer, 1986) 

This  depos i t  type, abbrev ia ted t o  Au qua r t z  ve in  i n  t h i s  repor t ,  cons i s t s  
o f  g o l d  i n  massive, p e r s i s t e n t  q u a r t z  v e i n s  i n  r e g i o n a l  l y  metamorphosed 
vo lcan ic  rocks, metamorphosed graywacke, chert ,  and shale. The depos i t i ona l  
environment i s  low-grade metamorphic be l t s .  The ve ins a re  gene ra l l y  l a t e  
synmetamorphic t o  postmetamorphi c  and l o c a l  l y  c u t  g r a n i t i c  rocks. Associated 
minera ls  a re  minor p y r i t e ,  galena, spha le r i  te, cha lcopyr i te ,  arsenopyr i  te, and 
p y r r h o t i  t e .  A l t e r a t i o n  m i n e r a l s  i n c l u d e  q u a r t z ,  s i d e r i t e ,  a1 b i  t e ,  and 
carbonate. Notable examples o f  low-su l f ide Au quar tz  ve ins i n  Alaska are t he  
B ig  Hurrah mine on t h e  Seward Penisula, t he  Chandalar d i s t r i c t  mines i n  t h e  
southern Brooks Range, the  Wi l low Creek d i s t r i c t  mines, t he  Nuka Bay, Monarch, 
Jewel, Grani te,  and C l i f f  mines i n  southern Alaska, and t he  Alaska-Juneau, 
Jual  in, Kensington, Sumdum Chief, Treadwell, Nido, and Chichagoff  mines i n  
southeastern A1 as ka. 

Cu-Ag Quartz Vein Deposi t  
( t h i s  study) 

Th is  depos i t  type cons is ts  o f  Cu su l f i des  and accessory Ag i n  quar tz  
ve ins and d isseminat ions i n  r eg iona l  l y  metamorphosed maf i c  igneous rocks, 
m a i n l y  b a s a l t ,  gabbro, and l e s s e r  a n d e s i t e  and d a c i t e .  The d e p o s i t i o n a l  
environment i s  low-grade metamorphic be1 ts .  The ve ins a re  general  1  y  late-stage 
metamorphic.  The d e p o s i t  m i n e r a l s  i n c l u d e  c h a l c o p y r i t e ,  b o r n i t e ,  l e s s e r  
cha lcoc i  t e  and p y r i t e ,  and r a r e  n a t i v e  copper. A1 t e r a t i o n  minera ls  inc lude  
epidote, chJor i te ,  a c t i n o l  i t e ,  a l b i t e ,  quartz,  and zeol i tes.  Notable examples 
of Cu-Ag quar tz  ve ins i n  Alaska are t h e  Kathleen-Margaret and N i k o l a i  mines i n  
southern Alaska. 

Polymetal l i c  Vein Deposi t  
(Dennis P. Cox in Cox and Singer, 1986) 

This  depos i t  type cons is ts  o f  quartz-carbonate ve ins w i t h  Ag, Au, and 
associated base-metal su l f ides .  The ve ins a re  r e l a t e d  t o  hypabyssal i n t r u s i o n s  
i n  sedimentary and metamorphic te r ranes  o r  t o  metamorphic f l u i d s  forming 
dur ing  waning reg iona l  metamorphism. The associated igneous rocks range i n  
composit ion from c a l c a l  ka l  i n e  t o  a1 ka l  i n e  and occur i n  d i k e  swarms, hypabyssal 
i n t r u s i  ons, and s m a l l  t o  moderate-s ize,  i n te rmed i  a t e  t o  f e l  s i c  p l  u tons,  
l o c a l l y  a s s o c i a t e d  w i t h  a n d e s i t e  t o  r h y o l i t e  f l o w s .  The d e p o s i t i o n a l  
env i  ronment i s  near-surf ace f r a c t u r e s  and b recc i  as w i t h i n  thermal aureoles of 
smal l  t o  moderate-size i n t r u s i o n s  and a lso w i t h i n  t he  i n t r us i ons .  The depos i t  
minera ls  i nc l ude  n a t i v e  gold, electrum, py r i t e ,  and spha le r i te ,  sometimes w i t h  
cha1 c o p y r i  te ,  ga lena,  a r s e n o p y r i  te ,  t e t r a h e d r i t e ,  Ag s u l f o s a l  t s ,  and 
a rgen t i t e .  A l t e r a t i o n  cons is ts  o f  wide p r o p y l i t i c  zones and narrow s e r i c i t i c  
and a r g i l l i c  zones. Notable examples o f  p o l y m c t a l l i c  ve ins i n  Alaska are t he  
Independence and Golden Horn mines and t h e  Broken Shovel and Beaver Creek 
deposi ts  i n  west-central  Alaska, t he  Qu ig l ey  Ridge, Banjo, Spruce Creek, and 
Stampede depos i ts  i n  the  Kantishna d i s t r i c t  o f  east -cent ra l  A1 aska, t h e  Cleary  
Summit and Es te r  Dome mines i n  t he  Fairbanks d i s t r i c t  o f  east -cent ra l  Alaska, 
t he  Sedanka and Bonanza H i l l s  depos i ts  o f  the Alaska Peninsula, and the  Golden 
Zone depos i t  o f  southern Alaska. 



Sb-Au Vein Deposi t  
(Adapted from simple Sb depos i t  o f  James D. B l i s s  and Greta 3 .  O r r i s  

i n  Cox and Singer, 1986) - 
This  depos i t  t ype  cons i s t s  o f  massive t o  disseminated s t i b n i t e  and l esse r  

g o l d  i n  q u a r t z - c a r b o n a t e  ve ins ,  pods, and s tockwo rks  i n  o r  a d j a c e n t  t o  
b recc i a ted  o r  sheared f a u l t  zones, i n  sedimentary, volcanic,  and metamorphic 
r o c k s  a d j a c e n t  t o  g r a n i t i c  p l u t o n s ,  i n  c o n t a c t  a u r e o l e s  around g r a n i t i c  
p1 utons, and i n  pe r i phe r i es  o f  g ranod io r i  te, g ran i te ,  and monzoni te.  The 
d e p o s i t i o n a l  env i r onmen t  i s  f a u l t s  and shear  zones, e p i  zona l  f r a c t u r e s  
ad jacent  to, o r  w i t h i n  the  margins o f  epizonal  g r a n i t i c  p lutons. Associated 
minera ls  i nc l ude  arsenopyr i  te, cha lcopyr i te ,  and t e t r a h e d r i  te,  sometimes w i t h  
c innabar  and galena. Th is  depos i t  t ype  i s  l o c a l l y  assoc ia ted w i t h  p o l y m e t a l l i c  
v e i n  deposi ts.  A l t e r a t i o n  cons i s t s  ma in ly  o f  s i l i c a ,  s e r i c i t e ,  and a r  i l l i t e .  8 Notable  examples o f  Sb-Au ve ins i n  Alaska a re  t he  S l a t e  Creek, Eagles en, and 
Caribou Creek depos i t s  i n  t he  Kantishna d i s t r t c t  o f  east -cent ra l  Alaska and 
t he  Scraf ford mine i n  east -cent ra l  Alaska. 

Sn Greisen, Sn Vein, and Sn Skarn Deposi ts 
(Bruce L, Reed and Dennis P. Cox - i n  Cox and Singer, 1986) 

These t h ree  depos i t  types commonly occur i n  t h e  same area and sometimes 
grade i n t o  one another. Sn g re isen  depos i t  t ype  cons i s t s  o f  d isseminated 
c a s s i t e r i t e ,  cass i t e r i t e -bea r i ng  ve in le ts ,  and Sn s u l f o s a l t s  i n  stockworks, 
lenses, pipes, and b recc i a  i n  g re isen ized  g ran i te ,  main ly  b i o t i t e  and ( o r )  
muscovi te l eucog ran i t e  emplaced i n  a mesozonal t o  deep vo lcan ic  environment. 
Sn g re isens  are gene ra l l y  postmagmatic and a re  assoc ia ted w i t h  late-stage, 
f r a c t i o n a t e d  g r a n i t i c  magma. A s s o c i a t e d  m i  n e r a l s  i n c l u d e  mol ybden i  t e ,  
arsenopyr i  te, be ry l ,  and wolframi te .  A1 t e r a t i o n  cons is ts  o f  i n c i p i e n t  t o  
massive g re isen  w i t h  quartz,  muscovite, tourmal ine,  and f l u o r i t e  replacement. 
Notab le  examples of Sn g re isen  depos i t s  i n  Alaska a re  t he  Kougarok depos i t  on 
the  Seward Peninsula and t he  Coal Creek depos i t  i n  southern Alaska. 

Sn v e i n  depos i t  type cons i s t s  o f  s imple t o  camplex f i s s u r e  f i l l i n g s  or* 
r ep lacemen t  l o d e s  i n  o r  near  f e l s i c  p l u t o n i c  r ocks ,  m a i n l y  mesozonal  t o  
hypabyssal p lu tons,  o f t e n  w i t h  d i k e  swarms. The depos i t s  tend t o  occur w i t h i n  
o r  above the  apices o f  g r a n i t i c  cusps and r idges. The depos i t  m inera ls  a re  
e x t r e m e l y  v a r i e d  and i n c l u d e  c a s s i t e r i t e ,  w o l f r a m i t e ,  a r s e o n p y r i t e ,  
molybdenite, schee l i te ,  and bery l .  A l t e r a t i o n  minera ls  cons i s t  of s e r i c i t e ,  
tourmal ine,  quartz,  c h l o r i t e ,  and hematite. The no tab le  example o f  a Sn ve in  
depos i t  i n  Alaska i s  t h e  Lime Peak depos i t  i n  east -cent ra l  Alaska. 

Sn s k a r n  d e p o s i t  t y p e  c o n s i s t s  o f  Sn, W, and Be m i n e r a l s  i n  skarns ,  
veins, stockworks, and g re isen  near i n t r u s i v e  contacts  between ep i  zonal ( ? )  
g r a n i t i c  p lu tons  and 1 imestone. The depos i t  minera ls  inc lude  c a s s i t e r i t e ,  
sometimes w i t h  schee l i te ,  spha le r i te ,  cha lcopyr i te ,  p y r r h o t i t e ,  magnetite, and 
f l u o r i t e .  A l t e r a t i o n  cons i s t s  of g re isen  near g r a n i t e  margins and metasomatic 
development of andradi te,  idocrase, amphibole, c h l o r i t e ,  and mica i n  skarn. 
The no tab le  example of a  Sn skarn depos i t  i n  Alaska i s  t he  Los t  R ive r  mine on 
t he  Seward Peninsula. 



Cu-Zn-Pb (+ Au, Ag), W, and Fe ( 2  Au) Skarn Deposi ts 
( ~ e n n i s  P. Cox and Theodore G. Theodore 

i n  Cox and Singer, 1986) - 
Cu-Zn-Pb skarn depos i t  t ype  cons is ts  of cha lcopyr i te ,  spha le r i te ,  and 

galena i n  c a l c - s i l i c a t e  skarns t h a t  rep lace carbonate rocks along i n t r u s i v e  
contacts  w i t h  quar tz  d i o r i t e  t o  g r a n i t e  and d i o r i t e  t o  syen i t e  p lu tons.  Zn-Pb- 
r i c h  skarns tend t o  occur f a r t he r  from the  i n t r u s i o n ;  Cu-rich and Au-rich 
skarns tend t o  occur c l ose r  t o  t he  i n t r us i on .  The depos i t i ona l  environment i s  
ma in ly  calcareous sedimentary sequences i n t r uded  by f e l s i c  t o  in te rmed ia te  
g r a n i t i c  plutons. Associated minera ls  inc lude  p y r i t e ,  hematite, magnetite, 
born i  te, arsenopyr i  te, and p y r r h o t i  te.  Metasomatic replacements c o n s i s t  o f  a  
wide v a r i e t y  o f  ca lc -s i  1  i c a t e  and r e l a t e d  minerals.  Notable examples of Cu-Zn- 
Pb skarn deposi ts  i n  Alaska are the Bowser Creek, Rat Fork, Sheep Creek, and 
T i n  Creek deposi ts.  Notable examples o f  Cu-Au and Au skarn deposi ts  i n  Alaska 
are t he  Nixon Fork-Medfra mine i n  west-central  Alaska and the  Jumbo mine i n  
southeastern A1 aska. 

W skarn depos i t  type cons is ts  of schee l i  t e  i n  ca lc -s i  1  i c a t e  skarns t h a t  
r e p l  ace carbonate rocks along o r  near i n t r u s i v e  contacts  w i t h  quar tz  d i o r i  t e  
t o  g r a n i t e  plutons. The depos i t i ona l  environment i s  along contacts  and i n  r o o f  
pendants  of b a t h o l i t h s  and i n  t he rma l  a u r e o l e s  o f  s t o c k s  t h a t  i n t r u d e  
carbonate rocks. Associated m i  ne ra ls  are mol ybdeni te, p y r r h o t i  te, spha le r i  te, 
cha lcopyr i te ,  bo rn i  te, p y r i t e ,  and magnetite. Metasomati c  r e p l  acements cons i s t  
of a wide v a r i e t y  of c a l c - s i l i c a t e  and r e l a t e d  minerals.  Notable examples o f  W 
skarns i n  Alaska are the  depos i ts  and mines i n  the  G i  lmore Dome area o f  the  
Fairbanks d i s t r i c t  i n  east -cent ra l  Alaska. 

Fe skarn depos i t  type cons i s t s  o f  magnet i te and ( o r )  Fe s u l f i d e s  i n  ca lc -  
s i l i c a t e  skarns t h a t  rep lace carbonate rocks o r  calcareous c l a s t i c  rocks along 
i n t r u s i v e  contacts  w i t h  d i o r i t e ,  g ranod io r i te ,  g ran i te ,  and coeval vo lcan ic  
rocks. The depos i t iona l  environment i s  along i n t r u s i v e  contacts.  The c h i e f  
associated minera l  i s  cha lcopyr i te .  Metasomatic replacements cons i s t  of a  wide 
v a r i e t y  o f  c a l c - s i l i c a t e  and r e l a t e d  minerals.  Notable examples o f  Fe skarns 
i n  Alaska a re  t he  Medfra ' depos i t  i n  west-central  Alaska, and the  Nabesna and 
Rambler mines i n  southern Alaska. 

Porphyry Cu-Mo, Porphyry Cu, and Porphyry Mo Deposi t  
(Dennis P. Cox and Theodore G .  Theodore 3 Cox and Singer, 1986) 

The porphyry Cu-Mo depos i t  type cons is ts  of stockwork v e i n l e t s  o f  quartz,  
cha lcopyr i te ,  and molybdenite i n  o r  near p o r p h y r i t i c  in te rmed ia te  t o  f e l s i c  
i n t r us i ons .  The i n t r u s i o n s  a re  main ly  stocks and b recc ia  p ipes t h a t  i n t r u d e  
b a t h o l i t h i c ,  vo lcanic ,  o r  sedimentary rocks. The depos i t i ona l  environment i s  
h igh- leve l  i n t r u s i v e  porphyr ies t h a t  a re  contemporaneous w i t h  abundant dikes, 
fau l t s ,  and b recc ia  pipes. Associated minera ls  inc lude  p y r i t e  and pe r i phe ra l  
s p h a l e r i  t e ,  ga lena,  and go ld .  A1 t e r a t i o n  m i n e r a l s  c o n s i s t  o f  q u a r t z ,  K -  
fe ldspar ,  and b i o t i t e  o r  c h l o r i t e .  Notable examples o f  porphyry Cu-Mo depos i ts  
i n  Alaska a re  the  Taurus depos i t  i n  east -cent ra l  Alaska, t he  Orange H i l l ,  Bond 
Creek, Bau l t o f f ,  Horsfeld,  and Car l  Creek depos i ts  i n  southern Alaska, and the  
Pyramid depos i t  i n  t he  Alaska Peninsula. 

Porphyry Cu depos i t  t ype  cons is ts  o f  cha l copy r i t e  i n  stockwork ve i  n l e t s  
i n  hydrothermal ly  a l t e r e d  porphyry and ad jacent  country  rock. The porphyr ies 
range i n  composit ion from tona l  i t e  t o  monzograni t e  t o  syeni ti c porphyry. The 
depos i t i ona l  environment i s  epizonal i n t r u s i v e  rocks w i t h  abundant dikes, 



Podiform Chromi t e  Deposi t  
(John P. A lbers  in Cox and Singer, 1986) 

T h i s  d e p o s i t  t y p e  c o n s i s t s  o f  p o d l i k e  masses o f  chromi t e  i n  t h e  
u l t r a m a f i c  p a r t s  o f  o p h i o l  i t e  complexes, l o c a l  l y  i n t e n s e l y  f a u l t e d  and 
dismembered. The hos t  rock types are main ly  duni t e  and harzburg i  te, common1 y 
serpent in ized.  The depos i t i ona l  environment cons is ts  o f  magmatic cumulates i n  
e longate magma pockets. The depos i t  minera ls  i nc l ude  chromi te, magnetite, and 
PGE minera ls  and a l loys .  Notable examples o f  podi form chromite depos i ts  i n  
Alaska are t h e  t he  I y i k r o k  Mountain and Avan deposi ts  i n  the  northwestern 
Brooks Range, the  Kaiyuh R iver  depos i t  i n  west-central  Alaska, and the  H a l i b u t  
Bay and Claim Po in t  deposi ts  and t he  Red Mountain mine i n  southern Alaska. 

Serpent i  n i  te-Hosted Asbestos Deposi t  
(Norman J Page in Cox and Singer, 1986) 

Th is  depos i t  t ype  consi  s t s  o f  c h r y s o t i  l e  asbestos developed i n  stockworks 
i n  serpen t in ized  u l t r a m a f i c  rocks. The depos i t iona l  environment i s  u s u a l l y  an 
oph io l  i t e  sequence, sometimes w i t h  1  a t e r  deformat ion o r  igneous i n t r us i on .  
Associated minera ls  a re  magnetite, b ruc i  te, t a l c ,  and tremol i te.  The no tab le  
example o f  a se rpen t i n i  te-hosted asbestos depos i t  i n  A 1  aska i s  t he  Fortymi l e  
depos i t  i n  east -cent ra l  Alaska. 

PLACER DEPOSIT TYPES 

Placer  Au Deposi t  
(Warren Yeend 2 Cox and Singer, 1986) 

This  depos i t  t ype  cons is ts  o f  elemental go ld  as g ra ins  and r a r e l y  as 
nuggets i n  gravel ,  sand, s i l t ,  and c l a y  and t h e i r  consol idated equ iva len ts  i n  
a1 l u v i a l ,  beach, aeolian, and r a r e l y  i n  g l a c i a l  deposi ts.  The depos i t i ona l  
env i r onmen t  i s  h igh-energy  a1 l u v i a l  where g r a d i e n t s  f l a t t e n  and r i v e r  
v e l o c i t i e s  lessen, as a t  the  i n s i d e  o f  meanders, below rap ids  and f a l l s ,  and 
beneath boulders, and i n  sho re l i ne  and beaches where t he  winnowing a c t i o n  of 
s u r f  causes Au concentrat ions. The major depos i t  minera ls  are gold, sometimes 
w i t h  at tached quartz,  magnetite, and ( o r )  i lmeni te.  Notable examples o f  p lacer  
Au d e p o s i t s  i n  A l a s k a  a.re i n  t h e  Wiseman d i s t r i c t  i n  t he  s o u t h e r n  Brooks 
Range, t he  Nome, Council,  and Fairhaven d i s t r i c t s  on the  Seward Peninsula, t h e  
Marshal l ,  Aniak, I d i t a rod ,  Innoko, McGrath, Ruby, Hughes, Hot Springs, and 
Tolovana d i s t r i c t s  i n  west-central  Alaska, the  Fairbanks, C i rc le ,  Fortymi le, 
and  K a n t i s h n a  p l a c e r  d i s t r i c t s  i n  e a s t - c e n t r a l  A l a s k a ,  t h e  V a l d e z ,  
Chistochina, Nizina, Hope, and W i  1  low Creek d i s t r i c t s  i n  southern Alaska, and 
the  Porcupine Creek and Juneau d i s t r i c t s  i n  southeastern Alaska. 

P lacer  Sn Deposi t  
( t h i s  study) 

Th is  depos i t  t ype  cons is ts  main ly  o f  c a s s i t e r i t e  and elemental go ld  i n  
g ra i ns  i n  gravel ,  sand, s i l t ,  and c l a y  and t h e i r  consol idated equ iva len ts  
main ly  i n  a l l u v i a l  deposits. The depos i t iona l  environment i s  s i m i l a r  t o  t h a t  
o f  p l ace r  Au deposi ts.  Notable examples o f  p l ace r  Sn deposi ts  i n  Alaska a re  
those der ived  from Sn grani tes,  such as i n  the  Kougarok d i s t r i c t  on the  Seward 
Peninsula and the  Hot Springs d i s t r i c t  i n  west-central  Alaska. 



b recc ia  pipes, cupolas o f  bath01 i ths, and f a u l t s .  Associated minera ls  i nc l ude  
p y r i  t e r  mol ybdeni te, magnetite, and bo rn i  te. A1 t e r a t i o n  cons i s t s  o f  sodi  c, 
potass ic ,  p h y l l i c ,  a r g i l l i c ,  and p r o p y l i t i c  types. An example o f  a porphyry  Cu 
depos i t  i n  Alaska i s  t h e  Marger ie depos i t  i n  southeastern Alaska. 

Po rphy ry  Mo d e p o s i t  t y p e  c o n s i s t s  o f  quar tz -mo l  ybden i  t e  s t o c k w o r k  
v e i n l e t s  i n  g r a n i t i c  porphyry and ad jacent  coun t ry  rock. The porphyr ies  range 
i n  composi t ion from t o n a l i t e  t o  g r a n o d i o r i t e  t o  montogranite. The depos i t i ona l  
env i r onmen t  i s  e p i z o n a l .  A s s o c i a t e d  m i n e r a l s  a r e  p y r i t e ,  s chee l  i t e ,  
cha lcopyr i te ,  and t e t r a h e d r i  te. A1 t e r a t i o n  i s  po tass ic  grad ing outward t o  
p ropy l  i t i c ,  sometimes w i t h  phy l  l i c  and a r g i l l  i c  ove rp r i n t .  A no tab le  example 
of a  porphyry Mo depos i t  i n  Alaska i s  t he  Qua r t z  H i l l  depos i t  i n  southeastern 
A1 aska. 

F e l s i c  P l u t o n i c  U Deposi t  
( t h i s  s tudy)  

Th is  depos i t  type cons i s t s  of d isseminated U, Th, and REE minera ls  i n  
f i s s u r e  ve ins and a l k a l i c  g r a n i t e  d i kes  in,  o r  a long t he  margins o f  a l k a l i c  
and p e r a l k a l i c  g r a n i t i c  p l u tons  o r  i n  g r a n i t i c  p lu tons  i n c l u d i n g  gran i te ,  
a l k a l  i c  g r a n i t e ,  g r a n o d i o r i  t e ,  s y e n i t e ,  and monzoni  t e .  The d e p o s i t i o n a l  
environment i s  ma in ly  t he  margins of ep i  zonal t o  mesozonal g r a n i t i c  p lu tons.  
The d e p o s i t  m i n e r a l s  i n c l  ude a1 l a n i  t e ,  t h o r i t e ,  u r a n i n i  t e ,  b a s t n a e s i t e ,  
monazite, u rano thor ian i te ,  and xenatime, sometimes w i t h  galena and f l u o r i t e .  
Notable examples o f  f e l s i c  p l u t o n i c  U depos i t s  i n  Alaska a re  t h e  Mount P r i n d l e  
depos i t  i n  eas t -cen t ra l  Alaska and t h e  Bokan Mountain depos i t s  i n  southeastern 
A1 as ka. 

Gabbroi c  Ni-Cu Deposi t  
(Adapted from synorogenic-synvolcanic Ni-Cu depos i t  o f  Norman J Page 

i n  Cox and Singer, 1986) - 
This  depos i t  t ype  cons i s t s  of massive lenses and disseminated s u l f i d e s  i n  

s m a l l  t o  m e d i u m - s i z e  g a b b r o i c  i n t r u s i o n s  i n  m e t a m o r p h i c  b e l t s  o f  
metased imenta ry  and m e t a v o l c a n i c  r o c k s .  I n  mos t  a reas  o f  A laska,  t h e  
depos i t i ona l  environment cons i s t s  o f  post-metamorphic and pos t  deformat iona l ,  
i n te rmed ia te - leve l  i n t r u s i o n  of n o r i t e ,  gabbro-norite, and u l t ramaf- ic  rocks. 
The d e p o s i t  m i n e r a l s  i n c l u d e  p y r r h o t i t e ,  p e n t l a n d i t e ,  and c h a l c o p y r i t e ,  
sometimes w i t h  p y r i t e ,  T i  o r  C r  m a g n e t i t e ,  and PGE m i n e r a l s  and a l l o y s .  
Accessory Co a l so  occurs i n  some deposi ts.  Notable examples o f  gabbroic Ni-Cu 
d e p o s i t s  i n  A l a s k a  a r e  t h e  F u n t e r  Bay, Brady  G l a c i e r ,  Bohemia Bas in ,  and 
M i r r o r  Harbor deposi ts,  a l l  i n  southeastern Alaska. 

Zoned Mafic-Ul t ramaf ic  C r - P t  ( 2  Cu, Ni, Co, T i  o r  Fe) Deposi t  
(Adapted from Alaskan PGE depos i t  t ype  o f  Norman J Page and F loyd Gray 

i n  Cox and Singer, 1986) - 

This depos i t  t ype  cons i s t s  o f  c r o s s c u t t i n g  u l t r ama f i c  t o  maf i c  p lu tons  
w i t h  approximately concen t r i c  zoning t h a t  con ta i n  chromi te, PGE (Pt-group 
e lements) ,  PGE m i n e r a l s  and a1 l o y s ,  and Ti-V magne t i t e .  I n  most a reas  o f  
A laska,  t h e  d e p o s i t i o n a l  env i r onmen t  c o n s i s t s  o f  pos tmetamorph ic  and 
postdeformat i  onal, i ntermediate- leve l  i n t r u s i o n  of maf i c and ( o r )  u l  t r ama f i  c  
p l u t o n s .  The d e p o s i t  m i n e r a l s  i n c l u d e  c o m b i n a t i o n s  o f  c h r o m i t e ,  PGE, 
pen t land i te ,  p y r r h o t i  te, Ti-V magnetite, bo rn i  te,  and cha lcopyr i te .  Notable 
examples o f  zoned maf ic -u l t ramaf ic  depos i t s  i n  Alaska a re  t he  Kemuk Mountain 
depos i t  i n  west-central  Alaska, and t h e  Union Bay, Duke Is land,  and Klukwan 
depos i t s  and t he  S a l t  Chuck mine, a l l  i n  southeastern Alaska. 



Placer  PGE-Au Deposi t  
(Warren Yeend and Norman J Page in Cox and Singer, 1986) 

T h i s  d e p o s i t  t y p e  c o n s i s t s  o f  PGE m i n e r a l s  and a l l o y s  i n  g r a i n s  i n  
grave l ,  sand, s i l t ,  and c l a y  and their consol idated equ iva len ts  i n  a1 l u v i a l ,  
beach, aeol ian,  and r a r e l y  i n  g l a c i a l  deposi ts.  I n  some areas, p l ace r  Au and 
p l ace r  PGE depos i t s  occur together .  The depos i t i ona l  environment i s  high- 
energy a1 l u v i a l  where g rad ien ts  f l a t t e n  and r i v e r  v e l o c i t i e s  lessen, as a t  t h e  
i n s i d e  o f  meanders, be low r a p i d s  and f a l l s ,  and benea th  b o u l d e r s ,  and i n  
s h o r e l i n e  a reas  where t h e  w innowing  a c t i o n  o f  s u r f  causes PGE and Au 
concen t ra t ions  i n  beaches. The major depos i t  minera ls  a re  Pt-group a1 loys, 0s- 
Ir a l loys,  magnetite, chromite, and ( o r )  i lmen i te .  The no tab le  example of a  
p l ace r  PGE depos i t  i n  Alaska i s  the  Goodnews Bay p l ace r  d i s t r i c t .  

Shore l ine  P lacer  T i  Depos i t  
( E r i c  R. Force in Cox and Singer, 1986) 

T h i s  d e p o s i t  t y p e  c o n s i s t s  o f  i l m e n i t e  and o t h e r  heavy m i n e r a l s  
c o n c e n t r a t e d  by beach p rocesses  and e n r i c h e d  by wea the r i ng .  The h o s t i n g  
sediment types a re  medium- t o  f ine-gra ined sand i n  dune, beach, and i n l e t  
deposi ts.  The depos i t i ona l  environment i s  s t ab le  coas ta l  reg ion  r e c e i v i n g  
sediment from bedrock regions. The major depos i t  m inera ls  a re  low-Fe i lmeni te,  
sometimes w i t h  r u t i  le, z i rcon, and gold. Notable examples o f  shore1 i n e  p l ace r  
T i  depos i t s  i n  Alaska a re  the  Yakutat ( L i t u y a  Bay) p lacer  d i s t r i c t s .  
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F igure  1. Thrust  p l a t e  map and s i m p l i f i e d  cross sec t i on  of t h e  Red Dog Creek 
Zn-Pb-Ag deposi t ,  Delong Mountains, northwestern Brooks Range. Base-metal 
su l f i des  and b a r i t e  depos i ts  occur i n  the Kuna Formation. 
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Figure  2. Schematic cross sect ion of the A r c t i c  Zn-Cu-Ag deposi t .  Ambler 
d i s t r i c t ,  southern Brooks Range. The Main ore  body i s  o v e r l a i n  by a p y r i t i c  
a l t e r a t i o n  zone and under la in  by a zone o f  in tense c h l o r i t i c  a l t e r a t i o n .  
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Figure  4. I n t e r p r e t i v e  cross sect ion and Cu and Zn d i s t r i b u t i o n s  f o r  the  Ruby 
Creek Cu d e p o s i t ,  Ambler d i s t r i c t ,  s o u t h e r n  Brooks Range. Note t h e  
r e l a t i o n s h i p  between the  s u l f i d e  deposi ts  and t h e  occurrence o f  hydrothermal 
dolomite. 



Figure  5. Fairbanks d i s t r i c t ,  nor thern Yukon-Tanana Upland, east -centra l  
A l a s k a .  A .  Genera 'ti zed bedrock  g e o l o g i c  map and c r o s s  s e c t i o n  showi ng 
d i s t r i b u t i o n  o f  t h e  C l e a r y  sequence a l o n g  a n t i c 1  i n a l  r i d g e  c r e s t s  and 
loca t ions  o f  f o u r  p r i n c i p a l  areas o f  mineral  deposits.  B. Model of t y p i c a l  
sulf  ide-bearing shear w i t h  crushed zone where shear i n t e r s e c t s  a competent 
q u a r t z i t e  horizon. The crush zones t y p i c a l l y  host gold-bearing quartz veins. 
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Figure  6. Genera l ized cross sect ion through WTF and Red Mountain Zn-Pb-Cu-Ag 
d e p o s i t s ,  n o r t h e r n  A1 a s k a  Range, e a s t - c e n t r a l  Alaska.  No v e r t i c a l  
exxagerat ion.  The deposits a r e  localf zed near t h e  top o f  t h e  Myst ic  Creek 
Member o f  the  T o t a t l a n i  ka Schist .  The WTF and Red Mountain deposi ts  appear 
t o  represent  coeval proximal and d i s t a l  volcanogenic s u l f i d e  deposits,  
respect ive ly .  
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Figure 7. Generalized geologic map o f  the Pb-Zn-Cu-Ag deposits i n  the Delta 
district, northern Alaska Range, east-central Alaska. 
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Figure 8. General ized o b l i q u e  v iew block diagram o f  the Bonanza Cu-Ag deposit 
i n  the Kennecott d i s t r i c t ,  Wrangell Mountains, southern Alaska. Adapted from 
Bateman and McLaughl i n (1920). and Armstrong and Mackevett (1982). 
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F i g u r e  9. G e n e r a l i z e d  g e o l o g i c  map and c r o s s  s e c t i o n  o f  t h e  Q u a r t z  H i l l  
po rphy ry  Mo depos i t ,  Coast Mountains Region, sou theas te rn  A1 as ka. The Mo 
d e p o s i t  i s  hos ted i n  a hypabyssal T e r t i a r y  i n t r u s i v e  complex i n f o r m a l l y  
named t h e  Quartz H i l l  s tock.  
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Figure  10. Genera l ized geologic map and cross sec t ion  of t h e  Greens Creek Zn- 
Pb-Ag-Au d e p o s i t ,  A d m i r a l t y  i s l a n d ,  c e n t r a l  s o u t h e a s t e r n  A l a s k a .  The 
l o c a t i o n  o f  s u l f i d e s  i s  near  t h e  nose o f  a n  a s y m m e t r i c a l  o v e r t u r n e d  
a n t i c l i n e ,  between a  s t r a t i g r a p h i c  f o o t w a l l  o f  mixed t u f f  and e x h a l i t e  and a 
hanging w a l l  of carbonaceous a r g i l l i t e .  


