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STATE OF ALASKA 
Depar tmen t  of N a t u r a l  R e s o u r c e s  

DIVISION OF GEOLOGICAL h GEOPHYSICAL SURVElS 

According  t o  A l a s k a  S t a t u t e  41 ,  t h e  Alaska  D i v i s i o n  o f  G e o l o g i c a l  and 
Geophys ica l  Su rveys  i s  c h a r g e d  w i t h  c o n d u c t i n g  ' 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 o  d e t e r m i n e  t h e  p o t e n t i a l  of Alaskan l a n d  t o r  p r o d u c t i o n  of m e t a l s s  
m i n e r a l s ,  f u e l s ,  and  g e o t h e r m a l  r e s o u r c e s ;  t h e  l o c a t i o n s  and s u p p l i e s  o f  
ground w a t e r  and c o n s t r u c t i o n  m a t e r i a l s ;  t h e  p o t e n t i a l  g e o l o g i c  h a z a r d s  t o  
b u i l d i n g s ,  r o a d s ,  b r i d g e s ,  and o t h e r  i n s t a l l a t i o n s  and  s t r u c t u r e s ;  and s h a l l  
conduc t  s u c h  o t h e r  s u r v e y s  and i n v e s t i g a b l o n s  a s  w i l l  advance  knowledge of 
t h e  geo logy  of  A l a s k a . '  

I n  a d d i t i o n ,  t h e  D i v i s i o n  of  G e o l o g i c a l  and  G e o p h y s i c a l  Su rveys  s h a l l  
c o l l e c t ,  r e c o r d ,  e v a l u a t e ,  and d i s t r i b u t e  d a t a  on  t h e  q u a n t i t y ,  q u a l i t y ,  and 
l o c a t i o n  of  unde rg round ,  s u r f a c e ,  and c o a s t a l  w a t e r  o t  t h e  s t a t e ;  p u b l i s h  o r  
have  p u b l i s h e d  d a t a  on t h e  w a t e r  o f  t h e  s t a t e  and r e q u i r e  t h a t  t h e  r e s u l t s  
and f i n d i n g s  of s u r v e y s  o f  w a t e r  q u a l i t y ,  q u a n t i t y ,  and l o c a t i o n  be f i l e d ;  
r e q u i r e  t h a t  w a t e r - w e l l  c o n t r a c t o r s  f i l e  b a s i c  w a t e r  and  a q u i f e r  d a t a ,  
i n c l u d i n g  b u t  n o t  l i m i t e d  t o  w e l l  l o c a t i o n ,  e s t i m a t e d  e l e v a t i o n ,  w e l l -  
d r i l l e r ' s  l o g s ,  pumping t e s t s ,  f l o w  measurements ,  and w a t e r - q u a l i t y  
d e t e r m i n a t i o n s ;  a c c e p t  and  spend f u n d s  t o r  t h e  p u r p o s e s  o f  t h i s  s e c t i o n ,  AS 
41,08 .017 and 41.08.035,  and e n t e r  i n t o  ag reemen t s  w i t h  i n d i v i d u a l s ,  p u b l i c  
o r  p r i v a t e  a g e n c i e s ,  communi t i e s ,  p r i v a t e  i n d u s t r y ,  and  s t a t e  and f e d e r a l  
a g e n c i e s ;  c o l l e c t ,  r e c o r d ,  e v a l u a t e ,  a r c h i v e ,  and  d i s t r i b u t e  d a t a  on s e i s m i c  
e v e n t s  and e n g i n e e r i n g  g e o l o g y  of  t h e  s t a t e ;  and i d e n t i f y  and  i n f o r m  p u b l i c  
o f f i c i a l s  and i n d u s t r y  a b o u t  p o t e n t i a l  s e i s m i c  h a z a r d s  t h a t  m i g h t  a f f e c t  
development  i n  t h e  s t a t e .  

A d m i n i s t r a t i v e  f u n c t i o n s  a r e  per formed u n d e r  t h e  d i r e c t i o n  of  t h e  
D i r e c t o r ,  who m a i n t a i n s  h i s  o f f i c e  i n  F a i r b a n k s .  The l o c a t i o n s  o f  DGGS 
o f f i c e s  a r e  l i s t e d  below: 

794 U n i v e r s i t y  Ave. -400  Wil loughby C e n t e r  
(Basement)  ( 3 r d  f l . )  
F a i r b a n k s ,  99709 Juneau ,  99801 
(907) 474-7147 (907) 465-2533 

F i s h  Ha tche ry  Road 
P.O. Box 772116 
Eag le  R i v e r ,  99577 
( 9 0 7 )  696-0070 

T h i s  r e p o r t  i s  f o r  s a l e  by DGGS f o r  $5. DGGS p u b l i c a t i o n s  nay  be i n -  
s p e c t e d  a t  t h e  f o l l o w i n g  l o c a t i o n s .  Ma i l  o r d e r s  s h o u l d  be  a d d r e s s e d  t o  t h e  
Faf r b a n k s  o f f  i c e .  

.794  U n i v e r s i t y  Ave. -400  Wi l loughby  C e n t e r  
(Basement)  ( 3 r d  f l . )  
F a i r b a n k s ,  99709 J u n e a u ,  99801 
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GEOLOGY OF ZINC-LEtU) SKAKS 1)EPOSITS IN THE TIN CREEK AKEA, MCGRATII B-2 
QUADRANGLE, ALASKA 

BY 
D. J . Szumigala 1 

Several copper-zinc-lead-silver skarc and replacement bodies occur in a 
500-km2 area near Farewell, Alaska. One of the major mineralized areas, the 
upper Tin Creek area, has been studied in detail. 

Host rocks for skarns are mid-Paleozoic sedimentary rocks that have 
undergone contact metamorphism and are folded, faulted, and overlain and 
intruded by Tertiary igneous rocks. Skarns in the Tin Creek area are small, 
discontinuous bodies (up to 3 m wide) of exoskarn along dike contacts and of 
endoskarn within the dikes. Skarns also form mantos in marble and irregular 
bodies along thrust and high-angle faults. Semimassive to massive sulfide 
mantos occur in calc-silicate hornfels. Many dikes do not have skarn along 
their contacts; others have skarn along only one margin. These relationships 
indicate that dikes and faults are structural conduits for later metasomatic 
fluids and are nct directly responsible for skarn formation. 

Skarn deposits are dominantly of two types: 1) pyroxene (Hd ) skarns 
with sphalerite and minor chalcopyrite ? pyrite and 2 )  garnet '(?hkh 

12-110 1 
skarns with chalcopyrite and minor sphalerite. Locally, the dominant s arn 
minerals are amphibole or epidote or both, although generally endoskarn is 
epidote rich. Pyroxene-dominant skarns exhibit textural and compositional 
zoning: along the marble front the pyroxene is coarse and iron-manganese 
rich, and near the intrusion the pyroxene is finer grained and magnesium 
rich. Garnet is also compositionally zoned with magnesium-rich metamorphic 
cores rimmed by progressively more iron-rich metasomatic garnet. Zoning 
occurs on a larger scale with pyroxene- spha le r i t e -dominan t  skarns distal to 
and garnet-chalcopyrite-dominant skarns proximal to centers of dike swarms. 

Skarn prospects in the Tin Creek area compare favorably with other 
zinc-lead skarns and can be classified with zinc-lead skarns that form near 
dikes. The deposits have features, such a s  structural control of metasomatis 
fluids and textural and compositional zoning, common to zinc-lead skarns 
worldwide. 

INTRODUCTION 

The study area is near the upper reaches of Tin Creek in rugged moun- 
tains of the northwest flank of the Alaska Range. It is approximately 16 krn 
southeast of Farewell, a Federal Aviation Agency station, in the McGrath B-2 
Quadrangle (fig. I). Elevations range from 670 m in the Tin Creek drainage 
to 1,745 m along the ridge line that defines the western boundary of the 
study area. Most of the site is above timberline and generally has excellent 

'DGGs, 794 University Avenue (Basement), Fairbanks, ~ l a s k a  99709. 



F i g u r e  1. L.osat ion map showing s t u d y  a r e a  ( s h e e t  I )  i n  PicGrath B-2 Quad- 
r a n g l e ,  Alaska .  

bed rock  e x p o s u r e s .  The a r e a  i s  a c c e s s i b l e  by h e l i c o p t e r  o r  by f l o a t p l a n e  t o  
Veleska  1,ake 1 m i  t o  t h e  e a s t .  

T h i s  i n v e s t i g a t i o n  i s  r e l a t e d  t o  t h e s i s  work f o r  a  M a s t e r  o f  S c i e n c e  
d e g r e e  a t  t h e  U n i v e r s i t y  of A l a s k a ,  F a i r b a n k s .  I s p e n t  43  d a y s  from mid-June 
t o  mid-August 1983 mapping and sampl ing  s k a r n  d e p o s i t s  i n  t h e  T i n  Creek  a r e a .  
F i e ldwork  was augmented w i t h  e x a m i n a t i o n  of t h i n  and p o l i s h e d  s e c t i o n s ,  X-ray 
d i f f r a c t i o n  a n a l y s e s ,  and  e l e c t r o n - m i c r o p r o b e  a n a l y s e s .  Geochemical  a n a l y s e s  
were per formed a t  t h e  A l a s k a  D i v i s i o n  of 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 "  
(DGGS) l a b o r a t o r y  and Chemex L a b s ,  L t d . ,  Vancouver,  B . C .  

Many peop le  h e l p e d  make t h i s  p r o j e c t  p o s s i b l e .  I e s p e c i a l l y  t hank  K.J. 
Newberry ( U n i v e r s i t y  of  A l a s k a ,  F a i r b a n k s )  f o r  h i s  g u i d a n c e  t h r o u g h o u t  t h i s  



p r o j e c t ;  T.K. Bundtzen (DGGS) and K . E .  K e l l  (Anaconda M i n e r a l s  Company) f o r  
s h a r l n g  t h c l r  extensive knowledge o f  t h e  McGrath r e g i o n ;  C .  L. A l l e g r o  (DGGS) 
f o r  h e r  e l e c t r o n - m i c r o p r o b e  a n a l y s e s ;  and DGGS and Anaconda ' i n e r a l s  Company 
f o r  t h e i r  l o g i s t i c a l  s u p p o r t .  T a l s o  t h a n k  T . K .  Bund tzen ,  F1.S. Robinson,  
V . L .  Rege r ,  and K.E. Adams (DGGS) f o r  rev iewbng t h i s  m a n u s c r i p t .  Funding f o r  
t h i n  s e c t l o n s ,  p o l i s h e d  s e c t l o n s ,  geochemical  and ma jo r -ox ide  a n a l y s e s ,  and 
K-Ar a g e s  was p r o v i d e d  by D G G S .  

PREVIOUS WORK 

Reed and E l l i o t t  (1968)  d i s c o v e r e d  s e v e r a l  geochemica l  a n o m a l i e s  i n  
s t r e a m  s e d i m e n t s  i n  t h e  T i n  Creek  a r e a ,  b u t  t h e y  d i d  n o t  f i n d  t h e  s o u r c e  of 
t h e s e  anomal i e s .  Rob K e l l  (Anaconda) d i s c o v e r e d  s i g n i f i c a n t  m i n e r a l i z a t i o n  
a l o n g  T i n  Creek i n  1980,  and  d e t a i l e d  work by Anaconda w i t h i n  t h e  F a r e w e l l  
a r e a  c o n t i n u e d  u n t i l  1984.  Bundtzen and o t h e r s  (1982)  mapped t h e  geology of 
t h e  McGrath B-2 Ouadrang le .  

REGIONAL GEOLOGY 

The F a r e w e l l  f a u l t ,  a ma jo r  r i g h t - l a t e r a l ,  s t r i k e - s l i p  f e a t u r e ,  i s  t h e  
wes t e rnmos t  e x t e n s i o n  o f  t h e  D e n a l i  f a u l t  sys t em i n  t h e  A l a s k a  Kange and h a s  
a r i g h t - l a t e r a l  d i s p l a c e m e n t  of a t  l e a s t  60  km s i n c e  m i d - T e r t i a r y  t i m e  (Reed 
and Lamphere, 1974) Nor th  of  t h e  s t u d y  a r e a ,  t h e  F a r e w e l l  f a u l t  j u x t a p o s e s  
younge r ,  undeformed,  sha l low-wa te r  c a r b o n a t e s  of  Devonian  a g e  t o  t h e  
n o r t h w e s t  a g a i n s t  polydeformed bas in -and- s lope  d e p o s i t s  of  e a r l y  t o  
mid-Paleozoic  age  t o  t h e  s o u t h e a s t  (Bundtzen and  o t h e r s ,  1982) .  

The s e c t i o n  s o u t h  o f  t h e  F a r e w e l l  f a u l t  i s  composed of  s t r a t i f i e d  r o c k s  
of E a r l y  O r d o v i c i a n  t o  L a t e  P e n n s y l v a n i a n  a g e .  The O r d o v i c i a n  s e c t i o n ,  
a p p r o x i m a t e l y  100 t o  250 m t h i c k ,  c o n s i s t s  o f  s h a l e ,  s i l t s t o n e ,  b l a c k  c h e r t ,  
and t h i n  v o l c a n i c l a s t i c - s a n d  i n t e r v a l s  (Bundtzen and o t h e r s ,  1982) .  Over- 
l y i n g  t h e  O r d o v i c i a n  sequence  i s  a  1,500-m-thick s e q u e n c e  of  S i l u r i a n  c l a s t i c  
r o c k s .  The S i l u r i a n  s e q u e n c e  c o n s i s t s  of r h y t h m i c a l l y  Layered s h a l e ,  
s i l t s t o n e ,  l a m i n a t e d  l i m e s t o n e ,  and medium- t o  c o a r s e - g r a i n e d  s a n d s t o n e  t h a t  
g r a d e  upward i n t o  s h a l e  and  f i n e - g r a i n e d  s i l t s t o n e  (Bund tzen  and o t h e r s ,  
1982) .  U n i t s  of  t h e  S i l u r i a n  c l a s t i c  s equence  a r e  t h e  o l d e s t  u n i t s  mapped i n  
t h e  T in  Creek  area. I n t e r b e d d e d  w i t h  t h e  S i l u r i a n  c l a s t i c  s equence  i s  a  
s t r u c t u r a l l y  t h i c k e n e d  s e q u e n c e  of  m i d - S i l u r i a n  (Wenlockian;  T.K. Bundtzen,  
w r i t t e n  commun., 1984) l i m e s t o n e s  w i t h  some s h a l e .  This  l i m e s t o n e  sequence  
h o s t s  t h e  s k a r n s  i n  t h e  T i n  Creek  a r e a .  The S i l u r i a n  c a r b o n a t e - e l a s t i c  
s equence  i s  o v e r l a i n  by a  Devonian-Pennsylvanian  s e q u e n c e  t h a t  c o n s i s t s  o f  
a l g a l  l i m e s t o n e ,  s h a l e ,  c h e r t ,  and c l a s t i c  r o c k s  (Rundtzen  and o t h e r s ,  1982).  
The g e n e r a l  s t r a t i g r a p h i c  s e q u e n c e  s u g g e s t s  t h a t  s h a l l o w  p l a t f o r m  c a r b o n a t e s  
p r o g r a d e d  o v e r  a  d e e p e r  s h e l f  m a r g i n  d u r i n g  mid -Pa leozo ic  t i m e  (Bundtzen and 
G i l b e r t ,  1983).  

Igneous  r o c k s  i n  t h e  McGrath B-2 Quadrangle  r a n g e  i n  a g e  from L a t e  
C r e t a c e o u s  t o  m i d - T e r t i a r y  (Bundtzen and o t h e r s ,  1 9 8 2 ) -  I n t r u s i v e  r o c k s  
r a n g e  i n  s i z e  from d i k e s  t o  s m a l l  p l u t o n s  o f  d o m i n a n t l y  i n t e r m e d i a t e  com- 
p o s i t i o n s .  A s  i n  t h e  T i n  Creek  a r e a ,  d i k e  swarms a r e  complex ly  i n t e r t w i n e d  
w i t h  h o r n f e l s e d  s e d i m e n t a r y  r o c k s  of  P a l e o z o i c  age .  Two v o l c a n i c  complexes 
a l s o  o c c u r  i n  t h e  McGrath B-2 Quadrang le .  The V e l e s k a  Lake v o l c a n i c  complex,  
dominan t ly  of d a c i t e  c o m p o s i t i o n ,  d e f i n e s  t h e  w e s t e r n  edge  of  t h e  s t u d y  a r e a .  



STRUCTURE 

The Fa rewe l l  f a u l t  i s  t h e  ma jo r  s t r u c t u r a l  i e a t u r e  i n  t h e  F a r e w e l l  a r e a .  
Sou th  of  t h e  F a r e w e l l  f a u l t ,  s ed imen ta r ] ?  r o c k s  of P a l e o z o i c  a g e  were deformed 
by t h r e e  f o l d i n g  e v e n t s  ( K e l l ,  1980) .  The e a r l i e s t  e v e n t  ( E l ) ,  a s s o c i a t e d  
w i t h  r e g i o n a l  t h r u s t  f a u l t i n g ,  r e s u l t e d  i n  i s o c l i n a l  recumbent  f o l d s .  The 
second e v e n t  ( F  ) produced  u p r i g h t  f o l d  s t r u c t u r e s ,  i n c l u d i n g  t h e  T i n  Creek 
s y n c l i n o r i u m  a n 3  t h e  a d j a c e n t  Sheep Creek  a n t i c l i n o r i u r n .  The l a s t  major  
d e f ~ r ~ a t i o n a l  e v e n t  ( F  ) was caused  by d r a g  a l o n g  t h e  F a r e w e l l  f a u l t  and 

3 
produced b r o a d ,  r e g i o n a l  w a r p i n g .  The d e f o r m a t i o c a l  s e q u e n c e  i s  s i m i l a r  t o  
t h a t  worked o u t  by Bundtzen  and o t h e r s  (1982) and  G i l b e r t  and o t h e r s  (1982) .  

GEOLOCY OF SKARN DEPOSITS 

S i l u r i a n  C l a s t i c - c a r b o n a t e  U n i t  

S i l u r i a n  c l a s t i c - c a r b o n a c e  r o c k s  (Smp) compose t h e  o l d e s t  u n i t  mapped 
w i t h i n  t h e  s t u d y  a r e a  ( s h e e t  1 ) .  Most of  t h e  c l a s t i c - c a r b o n a t e  s equence  i n  
t h e  T i n  Creek  a r e a  h a s  been  meeamorphosed t o  banded c a l c - s i l i c a t e  h o r n t e l s  
(Tcti) . Small  o u t c r o p s  of  t h e  r e l a t i v e l y  unmetamorphosed c l a s t i c - c a r b o n a t e  
r c c k s  a r e  exposed  a l o n g  T i n  Creek  and c o n s i s t  of  i n t e r b e d d e d  l i t h i c  
s a n d s t o n e ,  g ray  p h y l l i t i c  s i l t s t o n e ,  and minor  amounts  of  g r a y  l a m i n a t e d  
marb le .  The c o n t a c t  be tween t h e  i n t e r b e d d e d  c l a s t i c - c a r b o n a t e  r o c k s  and 
u n d i f f e r e n t i a t e d  m a r b l e  t o  t h e  w e s t  is  o b s c u r e d ,  b u t  t h e  t h r u s t  f a u l t  exposed  
i n  lower l i n  Creek  s h o u l d  e x t e n d  between t h e s e  u n i t s .  The beds  s t r i k e  
n o r t h - n o r t h e a s t  and d i p  a p p r o x i m a t e l y  50" full. 

S i l u r i a n  Marble U n i t s  

Although s e v e n  m a r b l e  u n i t s  were d e f i n e d  d u r i n g  g e o l o g i c  mapping 
( s h e e t  l ) ,  most u n i t s  a r e  not t r a c e a b l e  f o r  more t h a n  100 m a l o n g  s t r i k e  
b e c a u s e  of poor  e x p o s u r e  and complex s t r u c t u r e .  Each m a r b l e  u n i t  p robab ly  
d o e s  n o t  r e p r e s e n t  2 s e p a r a t e  e n t i t y ,  but  r a t h e r  metamorphosed e q u i v a l e n t s  o r  
l o c a l  f a c i e s  changes .  

'The most commonly exposed  marb le  u n i t s  a r e  t h o s e  w i t h  s i l t  p a r t i n g s  
(Sms) and g a r n e t  b a n d s  (Smg) ( s h e e t  1 ) .  ( L o c a l l y ,  where  t h e  m a r b l e  u n i t  w i t h  
s i l t  p a r t i n g s  c o n t a i n s  s h a l e y  i n t e r b e d s ,  i t  was mapped a s  a  s e p a r a t e  u n i t  
[Smss ] ) .  The u n i t  w i t h  s i l t  p a r t i n g s  i s  more common a t  Power e l e v a t i o n s  and 
is f a r t h e r  from t h e  most  c o n c e n t r a t e d  a r e a  of  i g n e o u s  d i k e s  t h a n  t h e  u n i t  
w i t h  g a r n e t  b a n d s .  On t h e  w e s t  s i d e  o f  T i n  Creek ,  t h e  u n i t  w i t h  s i l t  p a r t -  
i n g s  l i e s  i n  t h r u s t - f a u l t  c o n t a c t  w i t h  t h e  banded c a l c - s i l i c a t e  h o r n f e l s  
(Tch) .  The m a r b l e  w i t h  s i l t  p a r t i n g s  i s  g r a y ,  medium t o  t h i c k  bedded,  h i g h l y  
f r a c t u r e d ,  and f o l d e d .  The f o l d s  a r e  g e n e r a l l y  a symmet r i c  and v e r y  t i g h t .  
F r a c t u r e  s e t s  d i p  more s t e e p l y  t h a n  bedding  a t t i t u d e s ,  which i n d i c a t e s  t h a t  
t h e  marb le  u n i t  i s  e i g h t - s i d e  up.  The p r e v a l e n t  b e d s  s t r i k e  n o r t h - n o r t h e a s t  
and  d i p  m o d e r a t e l y  to s t e e p l y  n o r t h w e s t .  

The marb le  u n i t  w i t h  g a r n e t  b a n d s ,  t h e  most  a r e a l l y  e x t e n s i v e  marb le  
u n i t ,  r e p r e s e n t s  a  h i g h e r  nletamorphic s t a g e  t h a n  t h e  m a r b l e  u n i t  w i t h  s i l t  
p a r t i n g s .  The o r i g i n a l  s i l t y  l a y e r s  w i t h i n  t h e  m a r b l e  w i t h  g a r n e t  bands were 
metamorphosed t o  l i g h t - g r e e n  bands  of  g a r n e t .  The u n i t  w i t h  g a r n e t  bands i s  



e s p e c i a l l y  p r e v a l e n t  i n  d r e a s  where igneous  d i k e s  ~ I r e  a b u n d e n t ,  i n c l u d i n g  t h e  
marg in  of  d i k e s  where  t h e  m a r b l e  v i t h  g a r n e t  bands  g r a d e s  i n t o  t h e  marb le  
w i t h  s i l t  p a r t i n g s .  

Elost marb le  i n  t h e  s t u d y  a r e a  w e a t h e r s  e a s i l y  t o  fo rm s c r e e  s l o p e s ,  
which were mapped a s  u n d i i f e r e n t i a t e d  marble  t a l u s  (Smu). O t h e r  m a r b l e  u n i t s  
r e c o g n i z e d  w i t h i n  t h e  l i n  Creek  a r e a  ( s h e e t  1)  i n c l u d e  b l a c k ,  f i n e - g r a i n e d  
marb le  w i t h  c a l c i t e  v e i n l e t s  (Sbm), b l a c k  r r a rb l e  w i t h  s h a l e y  i n t e r b e d s  
(Sbms), and g r a y ,  s i l t y  m a r b l e  t h a t  h a s  been  metamorphosed i n  p a r t  t o  
s i l i c e o u s  h o r n f e l s  (Tmh). Another  u n i t  i n c l u d e d  w i t h  t h e  m a r b l e  u n j t s  i s  a  
g r a y  t o  da rk -g ray ,  f i n e -  t o  medium-grained,  c a l c a r e o u s  s i l t s t o n e  (Scs )  t h a t  
w e a t h e r s  o l i v e  g r e e n  and c o n t a i n s  l o c a l  g raded  b e d s .  

T e r t i a r y  Igneous  Rocks 

Veleska  Lake v o l c a n i c  complex 

The r i d g e  on  t h e  w e s t e r n  boundary of  t h e  s t u d y  a r e a  i s  capped by t h e  
Ve le ska  Lake v o l c a n i c  complex (TKvu), which i s  u n d e r l a i n  by t h e  S i l u r i a n  
m a r b l e  u n i t s  ( s h e e t  1 ) .  ?'he b a s e  of t h e  complex c o n s i s t s  of  t u f f  b r e c c i a  
( 0 . 5  m t h i c k ) ,  l a p i l l i  b r e c c i a  ( 6  t o  10 rn t h i c k ) ,  w h i t e  t o  green-gray  
a n d e s i t i c  a s h - f a l l  t u f f  ( a b o u t  80 m t h i c k ) ,  and a  g reen -g ray  q u a r t z  l a t i t e  
f l ow (unde te rmined  t h i c k n e s s ) .  I . o c a l l y  b l a c k  mudstone t h a t  c o n t a i n s  abundant  
p l a n t  d e b r i s  i s  i n t e r b e d d e d  w i t h  t h e  b a s a l  v o l c a n i c s .  O v e r l y i n g  t h e  lower 
sequence  a r e  m a s s i v e  d a c i t e  f l o w s  and s i l l s  (>ZOO m t h i c k )  t h a t  compose most 
of  t h e  v o l c a n i c  complex.  

Igneous  d i k e s  t h a t  i n t r u d e  s e d i m e n t a r y ,  m e t a s e d i m e n t a r y ,  and v o l c a n i c  
u n i t s  g e n e r a l l y  t r e n d  N .  60" W .  t o  e a s t - w e s t ,  d i p  m o d e r a t e l y  t o  s t e e p l y  
n o r t h ,  and a r e  more p r e v a l e n t  i n  t h e  n o r t h e r n  p a r t  of  t h e  s t u d y  a r e a .  Dikes  
r a n g e  i n  t h i c k n e s s  from < 1  m t o  abou t  50 m and change  i n  t e x t u r e  from 
p o r p h y r i t i c  n e a r  t h e  m a r g i n s  t o  a p h a n i t i c  n e a r  t h e  c e n t e r s .  

Normative m i n e r a l  r a t i o s  of  i gneous  d i k e s  i n  t h e  T i n  Creek  a r e a  were 
c a l c u l a t e d  from ma jo r -ox ide  a n a l y s e s  ( f i g .  2 ) .  The d i k e s  a r e  p r i m a r i l y  of  
two c o m p o s i t i o n a l  t y p e s :  1) d a c i t e  ( g r a n o d i o r i t e - t o n a l i t e )  and 2) a n d e s i t e  
( m o n z o d i o r i t e - d i o r i t e ) .  

G r a n o d i o r i t e  po rphyry  d i k e s  

G r a n o d i o r i t e  p o r p h y r y  (Tgp) is t h e  most abundan t  d i k e  t y p e  i n  t h e  T i n  
Creek  a r e a  ( s h e e t  1). F r e s h  g r a n o d i o r i t e  po rphyry  d i k e s  a r e  g e n e r a l l y  g r a y  
w h i t e  t o  g r a y .  P l a g i o c l a s e  c o n s t i t u t e s  a p p r o x i m a t e l y  50  p e r c e n t  of  t h e  t o t a l  
p h e n o c r y s t s  and o c c u r s  a s  r e c t a n g u l a r  o r  e q u i l a t e r a l  p h e n o c r y s t s  up t o  1 cm 
l o n g .  Hornblende c o n s t i t u t e s  35 p e r c e n t  of  t h e  t o t a l  p h e n o c r y s t s ,  r a n g e s  
from b l a c k  t o  d a r k  g r e e n ,  and o c c u r s  a s  p h e n o c r y s t s  up  t o  1 cm l o n g .  B i o t i t e  
c o n t e n t  v a r i e s  c o n s i d e r a b l y  among d i k e s ,  r a n g i n g  f rom 0  t o  15  p e r c e n t  of  t h e  
t o t a l  p h e n o c r y s t s .  Q u a r t z  g e n e r a l l y  c o n s t i t u t e s  5 t o  10 p e r c e n t  of  t h e  t o t a l  
p h e n o c r y s t s  and u s u a l l y  o c c u r s  a s  p h e n o c r y s t s  a b o u t  1 m diam. Some 
g r a n o d i o r i t e  po rphyry  d i k e s  c o n t a i n  x e n o l i t h s  of  p o r p h y r i t i c ,  f i n e - g r a i n e d  
q u a r t z  m o n z o d i o r i t e ,  
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F i g u r e  2 .  Normative m i n e r a l  r a t i o s  of i g n e o u s  d i k e s  i n  t h e  T i n  Creek  a r e a ,  A l a s k a ,  
b a s e d  on ma jo r  o x i d e  a n a l y s e s .  

P o r p h y r i t i c  d a c i t e  d i k e s  and p o r p h y r i t i c  h o r n b l e n d e - r i c h  d a c i t e  d i k e s  

When t h e  no rma t ive  m i n e r a l  r a t i o s  of  t h e  p o r p h y r i t i c  d a c i t e  d i k e s  (Td) 
and p o r p h y r i t i c  h o r n b l e n d e - r i c h  d a c i t e  d i k e s  (Thd) a r e  p l o t t e d ,  t h e y  f a l l  
i n t o  t h e  same r ange  a s  t h e  g r a n o d i o r i t e  porphyry  d i k e s  ( f i g .  2 ) .  However, 
t h e  d a c i t e  d i k e s  and h o r n b l e n d e - r i c h  d a c i t e  d i k e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  
i n  t e x t u r e  t h a n  t h e  g r a n o d i o r i t e  po rphyry  d i k e s .  P o r p h y r i t i c  d a c i t e  d i k e s  
c o n s i s t  o f  a  g r a y ,  a p h a n i t i c  groundmass w i t h  p h e n o c r y s t s  of  p l a g i o c l a s e ,  
h o r n b l e n d e ,  b i o t i t e ,  and q u a r t z .  P l a g i o c l a s e  c o n s t i t u t e s  70 t o  80 p e r c e n t  of 
t h e  t o t a l  p h e n o c r y s t s ,  h o r n b l e n d e  15 t o  25 p e r c e n t ,  and b i o t i t e  and  q u a r t z  up 
t o  5 p e r c e n t  each .  Some p o r p h y r i t i c  h o r n b l e n d e - r i c h  d a c i t e  d i k e s  c o n t a i n  two 
d i s t i n c t l y  d i f f e r e n t  t y p e s  of h o r n b l e n d e :  1)  s h o r t ,  e q u i l a t e r a l ,  b l a c k  
p h e n o c r y s t s  and 2 )  l o n g e r ,  r e c t a n g u l a r ,  g r e e n  p h e n o c r y s t s .  

Many d i k e s  (Td and T g p )  a r e  p r o p y l i t i c a l l y  a l t e r e d ;  t h u s ,  t h e  groundmass 
h a s  a g r e e n  c a s t  w i t h  w h i t e  ghost. a l t e r a t i o n  of  fo rmer  p l a g i o c l a s e  pheno- 
s r y s t s .  I n  a d d i t i o n ,  some d i k e s  a r e  a l t e r e d  t o  s e r i c i t e ,  and m a f i c  m i n e r a l s  
a r e  g e n e r a l l y  p a r t i a l l y  t o  c o m p l e t e l y  a l t e r e d  t o  e p i d o t e ,  c h l o r i t e ,  and c a l -  
c i t e .  A l l  d i k e s  c o n t a i n  p y r i t e  ? p y r r h o t i t e ,  which o c c u r  i n  c l o t s  t h a t  
r e p l a c e  t h e  m a f i c  m i n e r a l s .  



A n d e s i t e  d i k e s  

A minor p e r c e n t a g e  oL tb.e d i k e s  i n  t h e  l i n  Creek  a r e a  c o n s i s t  of  
a n d e s i t e  (Ta) and a r e  riot t r a c e z b l e  f a r t h e r  t h a n  2 5  m a l o n g  s t r i k e  ( s h e e t  1 ) .  
These  d i k e s  a r e  p r o b a b l y  o l d e r  t h a n  t h e  d a c i t e  (Td and Thd) and g r a n o d i o r i t e  
(Tgp) d i k e s  because  t h e  a n d e s i t i c  d i k e s  have been  a l t e r e d ,  and  sometimes 
s i l i c i f i e d ,  by t h e  d a c i t e  and g r a n o d i o r i t e  d i k e s .  F r e s h  a n d e s i t e  v a r i e s  from 
g r e e n  t o  d a r k  g r e e n ,  b u t  t h e  a n d e s i t e  d i k e s  a r e  u s u a l l y  a l t e r e d  and c o n t a i n  
g h o s t  p h e n o c r y s t s  o f  p l a g i o c l a s e  and c h l o r i t i z e d  m a f i c  m i n e r a l s .  Some d i k e s  
c o n t a i n  up t o  15 p e r c e n t  s u l f i d e s  a s  n e e d l e s  o r  i n  c l o t s  t h a t  a p p e a r  t o  be 
r e p l a c i n g  o r i g i n a l  m a f i c  m i n e r a l s .  The s u l f i d e s  a r e  d o m i n a n t l y  composed of 
p y r r h o t i t e  w i t h  minor  p y r i t e  and t r a c e s  of c h a l c o p y r i t e .  Mea the r ing  of 
s u l f i d e - b e a r i n g  a n d e s i t e  d i k e s  p roduces  c o n s p i c u o u s  r e d - s t a i n e d  o u t c r o p s .  

Igneous -ma t r ix  b r e c c i a  d i k e s  

Igneous-matr ix  b r e c c i a  d i k e s  ( T i b x ) ,  t h e  y o u n g e s t  d i k e s  i d e n t i f i e d  
w i t h i n  t h e  s t u d y  a r e a ,  c r o s s c u t  s k a r n  b o d i e s  and c r o s s c u t  and o c c a s i o n a l l y  
e n v e l o p  t h e  t e r m i n i  o t  i n t e r m e d i a t e - c o m p o s i t i o n  d i k e s  ( s h e e t  1 ) .  
Igneous -ma t r ix  b r e c c i a  d i k e s  have  a w h i t e ,  a p h a n i t i c  m a t r i x  t h a t  c o n t a i n s  
q u a r t z  p h e n o c r y s t s  and l i t h i c  c l a s t s .  The c l a s t s  a r e  rounded t o  a n g u l a r ,  up 
t o  5 cm diam, and a r e  m o s t l y  me tased imen ta ry  h o r n f e l s  w i t h  g r a n o d i o r i t e  
po rphyry  and m a r b l e .  Some d i k e s  a l s o  c o n t a i n  c l a s t s  of m i n e r a l i z e d  s k a r n .  

Metamorphic and Metasomat ic  U n i t s  

Banded c a l c - s i l i c a t e  h o r n f e l s  

S i l u r i a n  c l a s t i c - c a r b o n a t e  r o c k s  have  been  t r a n s f o r m e d  i n t o  banded 
c a l c - s i l i c a t e  h o r n f e l s  (Tch) by c o n t a c t  metamorphism. These  h o r n f e l s  have 
been  b i m e t o s o m a t i c a l l y  a l t e r e d ;  t h a t  i s ,  a  n e t  t r a n s f e r  h a s  o c c u r r e d  between 
two a d j a c e n t  u n l i k e  l i t h o l o g i e s ,  b u t  t h e r e  h a s  n o t  been  a  n e t  t r a n s f e r  of  
c h e m i c a l  components w i t h  t h e  s u r r o u n d i n g  env i ronmen t .  The banded c a l c -  
s i l i c a t e  h o r n f e l s  c o n s i s t s  of  a l t e r n a t i n g  g ray -g reen  and  dark-brown, f i n e -  
g r a i n e d ,  compact l a y e r s  t h a t  p r i m a r i l y  c o n s i s t  o f  g a r n e t  +- pyroxene  and 
q u a r t z  + b i o t i t e ,  r e s p e c t i v e l y .  The uppe r  7 t o  10 m o f  t h e  s a l c - s i l i c a t e  
h o r n f e l s  u n i t  h a s  bands  t h a t  a v e r a g e  2 t o  3 cm t h i c k ;  t h e  r e s t  o f  t h e  u n i t  
h a s  bands  t h a t  r a n g e  from 5 t o  50 cm t h i c k .  

A s  ment ioned by Buncltzen and o t h e r s  (1982) ,  some p r i m a r y  s e d i m e n t a r y  
s t r u c t u r e s  o f  t h e  S i l u r i a n  c l a s t i c - c a r b o n a t e  s e q u e n c e  a r e  p r e s e r v e d ,  
i n c l u d i n g  Bouma i n t e r v a l s ,  g r a d e d  bedd ing ,  and c r o s s - b e d d i n g .  The o r i e n t a -  
t i o n  of graded bedd ing  and c ros s -bedd ing  i n d i c a t e s  t h a t  t h e  s e c t i o n  i s  
r i g h t - s i d e  up w i t h  s t r a t i g r a p h i c  t o p s  f a c i n g  n o r t h w e s t .  Remnant bedding  
a t t i t u d e s  a r e  c o n s i s t e n t  i n  t h e  banded c a l c - s i l i c a t e  h o r n f e l s ;  t h e  beds  
s t r i k e  a lmos t  due  n o r t h  and  d i p  s t e e p l y  wes t - sou thwes t .  

The h o r n f e l s  u n i t  (Th) c o n s i s t s  of metamorphosed s i l i c e o u s  r o c k s  t h a t  
g e n e r a l l y  o c c u r  a s  i n t e r b e d s  w i t h i n  t h e  m a r b l e  s e q u e n c e .  The u n i t  i s  n o t  
banded and i s  composed of  v e r y  f i n e  g r a i n e d ,  compact r o c k  t h a t  u s u a l l y  b r e a k s  
w i t h  a c o n c h o i d a l  f r a c t u r e .  



Skarno id  

Ska rno id  it: a  r o c k  formed by b o t h  metamorphic and m e t a s o m a t i c  p r o c e s s e s  
i n  which n e i t h e r  p r o c e s s  i s  dominan t ,  a l t h o u g h  i n  t h e  T i n  Creek a r e a ,  
n~e tamorph ic  p r o c e s s e s  have  p r o b a b l y  been s l i g h t l y  o v e r p r i n t e d  by me tasomat i c  
p r o c e s s e s .  The a c t u a l  o r i g i n  of s k a r n o i d s ,  t h e r e f o r e ,  i s  u n c e r t a i n  o r  com- 
p l e x  ( E i n a u d i  and B u r t ,  1 9 8 2 ) ,  b u t  some t r a n s f e r  of  components  o c c u r s  t h rough  
f l u i d s  o r  v o l a t i l c  g a s e s  o r  b o t h .  S e v e r a l  a r c a s  of  s k a r n o i d  o c c u r  i n  t h e  T i n  
Creek  a r e a  a s  a  g ray i sh -b rown  r o c k  t h a t  w e a t h e r s  brown o r  sometimes g r e e n  
(shown a s  p a r t  of Ts  u n i t  on s h e e t  1 ) .  In  most  a r e a s ,  however ,  s k a r n o i d  
o u t c r o p s  a r e  t o o  s m a l l  t o  be  shown on t h e  map. The m a j o r i t y  of t h e  s k a r n o i d  
is composed of  f i n e - g r a i n e d  c l i n o p y r o x e n e  w i t h  e p i d o t e ,  c h l o r i t e ,  q u a r t z ,  
medium-grained c l i n o p y r o x e n e ,  and c a l c i t e  i n  s u b e q u a l  amounts .  Pods of 
c a l c i t e  up t o  5 cm diam o c c u r  i n  t h e  s k a r n o i d ,  and some v e i n l e t s  of  p y r i t e  
w i t h  c o a r s e  c l i n o p y r o x e n e ,  q u a r t z ,  and c a l c i t e  c r o s s c u t  t h e  s k a r n o i d .  

Endoskarn 

Endoskarn i s  formed by t h e  c a l c - s i l i c a t e  r e p l a c e m e n t  of  i n t r u s i v e  r o c k s  
th rough  me tasomat i c  f l u i d  i n t e r a c t i o n .  Dikes  i n  t h e  T i n  Creek  a r e a  d i s p l a y  
v a r y i n g  d e g r e e s  of e n d o s k a r n  development .  G e n e r a l l y ,  endoska rn  development 
is minor  i n  d i k e s  dnd a b s e n t  i n  t h e  Veleska  Lake v o l c a n i c  complex (TKvu). 
Dikes  i n  t h e  n o r t h e r n  p a r t  of  t h e  s t u d y  a r e a  t y p i c a l l y  c o n t a i n  p i n k  c l i n o z o i -  
s i t e  t h a t  r e p l a c e s  p l a g i o c l a s e  and c a l c i t e  f c h l o r i t e  t h a t  r e p l a c e  maf i c  
m i n e r a l s .  E p i d o t e ,  c h l o r i t e ,  c l i n o p y r o x e n e ,  and q u a r t z  a r e  common m i n e r a l s  
t h a t  o c c u r  w i t h i n  a l l  e n d o s k a r n .  Endoskarn i s  n o t  t h o r o u g h l y  developed i n  
t h e  d i k e s ;  t y p i c a l l y  o n l y  t h e  e d g e s  of some d i k e s  h a v e  b e e n  r e p l a c e d .  Un l ike  
s k a r n  i n  t h e  T i n  Creek  a r e a ,  endoska rn  i s  d e v o i d  of  a p p r e c i a b l e  o r e  
m i n e r a l i z a t i o n .  

Ska rn  - 

S k a r n ,  a s  u s e d  h e r e ,  i s  formed by l a r g e - s c a l e  t r a n s f e r  of  components 
between h y d r o t h e r m a l  f l u i d s  o f  magmatic i n p u t  and  p r e d o m i n a n t l y  c a r b o n a t e  
r o c k s  ( E i n a u d i  and H u r t ,  1 9 8 2 ) .  Ska rns  (Ts)  o c c u r  t h r o u g h o u t  t h e  s t u d y  a r e a  
( s h e e t  11, b u t  a r e  g e n e r a l l y  t o o  s m a l l  t o  be mapped. S k a r n s  i n  t h e  T i n  Creek  
a r e a  have  a  zoned d i s t r i b u t i o n  p a t t e r n ,  w i t h  ga rne t -dominan t  s k a r n s  n e a r  t h e  
c e n t e r  of  t h e  T i n  Creek  d i k e  sys t em and pyroxene-dominant  s k a r n s  p e r i p h e r a l  
60 t h e  g a r n e t  s k a r n s .  The o c c u r r e n c e  of  c a l s - s i l i c a t e  m i n e r a l s  i n  s k a r n s  
depends  on t h e  c o m p o s i t i o n  of t h e  l i t h o l o g y  t h a t  is me tasomat i zed .  The 
s o u t h e r n  p a r t  of t h e  T i n  Creek  a r e a  i s  dominated  by p y r o x e n e - r i c h  s k a r n s  
w i t h i n  c a l c a r e o u s  r o c k s ,  whereas  a d j a c e n t  a r e a s  a r e  dominated  by g a r n e t - r i c h  
s k a r n s  w i t h i n  s i l i c e o u s  c a l c - s i l i c a t e  I l o r n f e l s .  

E p i d o t e - c l i n o z o i s i t e  o c c u r s  i n  most s k a r n s .  In some a r e a s ,  e p i d o t e  
o c c u r r e d  a s  a l a t e  e v e n t  and formed t h e  dominant  s k a r n  m i n e r a l  ( f i g .  3 ) .  
C h l o r i t e ,  q u a r t z ,  and  c a l c i t e  a r e  abundant  i n  a l m o s t  e v e r y  t h i n  s e c t i o n  
examined. Amphibole,  as a  r e t r o g r a d e  p r o d u c t  of t h e  c o a r s e r  g r a i n e d  
c l i n o p y r o x e n e ,  o c c a s i o n a l l y  o c c u r s  a s  s h r e d d e d  g r a i n s  o r  ma t s  w i t h  
c l i n o p y r o x e n e  c o r e s .  





Figure  4 .  Geologic  map of t h e  v e r t i c a l  f a c e  of a  t y p i c a l  
s k a r n  zone i n  t h e  T i n  Creek a r e a ,  Alaska.  Endoskarn and 
skarn  a r e  i r r e g u l a r l y  developed a long  a  d a c i t e  d i k e  i n  
c o n t a c t  w i t h  marble .  Skarn manto b o d i e s  deve lop  where 
metasomatic f l u i d s  have i n f i l t r a t e d  a l o n g  bedding i n  t h e  
marble.  (See s i t e  1 ,  s h e e t  1 ,  f o r  s p e c i f i c  l o c a l i t y . )  
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Pyroxene compos i t ions  from s k a r n  samples i n  t h e  T i n  Creek a r e a  a r e  shown 
i n  f i g u r e  5. Pyroxenes  range  from 12 t o  83 mole p e r c e n t  hedenberg i t e .  A s  
t h e  composit ion i n c r e a s e s  i n  j o h a n n e n s i t e ,  t h e r e  i s  a cor responding  i n c r e a s e  
i n  hedenberg i t e .  Maximum p e r c e n t a g e s  of h e d e n b e r g i t e  and j o h a n n e n s i t e  occur  
i n  t h e  coarse -gra ined  s a l i t e  a long  t h e  marble f r o n t .  Pyroxene a n a l y s e s  show 
a n  iron-manganese enr ichment  through t ime whereby coarse -gra ined  
h e d e n b e r g i t i c  pyroxene o v e r p r i n t e d  f ine -gra ined  d i o p s i d i c  pyroxene.  

b 

Garnet s k a r n  

Garnet-dominant s k a r n s  a r e  r e s t r i c t e d  t o  t h e  c e n t e r  of t h e  T in  Creek 
system. Garnet s k a r n s  w e a t h e r  r e d  brown t o  brown, and f r e s h  s u r f a c e s  a r e  
g reen .  Smal l  g a r n e t  f a c e s  a r e  v i s i b l e  throughout  t h e s e  s k a r n s .  

Garnet compos i t ions  show an even more s y s t e m a t i c  change through t ime 
than  t h e  pyroxenes.  Garnet  composi t ions  ( f i g .  6 ) ,  l i k e  pyroxenes ,  show i r o n  
enrichment d u r i n g  e v o l u t i o n  of t h e  metasomatic sys tem.  The composi t ion of 



F i g u r e  5 .  Pyroxene  c o m p o s i t i o n s  from s k a r n s  i n  t h e  T i n  Creek  a r e a ,  Alas-  
ka .  Compos i t i ons  a r e  e x p r e s s e d  a s  mole p e r c e n t s  of  end members 
based  on e l e c t r o n - m i c r o p r o b e  a n a l y s e s .  Numbers r e f e r  t o  t h e  number 
of  a n a l y s e s  a t  t h a t  p o i n t .  

g a r n e t s  from t h e  T i n  Creek  a r e a  i s  r e s t r i c t e d  t o  g r o s s u l a r - a n d r a d i t e  w i t h  a  
maximum o f  6 p e r c e n t  s p e s s a r t i n e  + a lmand ine .  Metamorphic g a r n e t  was t h e  
f i r s t  t o  form; i t  is g r o s s u l a r  r i c h  w i t h  a n  a v e r a g e  a n d r a d i t e  c o n t e n t  of 
1 2  p e r c e n t .  C l e a r  m e t a s o m a t i s  g a r n e t ,  which formed a f t e r  and g e n e r a l l y  r ims  
metamorphic g a r n e t ,  h a s  a n  a v e r a g e  c o m p o s i t i o n  of 18 mole p e r c e n t  a n d r a d i t e .  
The l a t e s t  g a r n e t  formed i s  brown and h a s  a  l a r g e  r a n g e  i n  c o m p o s i t i o n  w i t h  
a n  a v e r a g e  of 58 mole p e r c e n t  a n d r a d i t e .  The brown g a r n e t  p r o b a b l y  r e p r e -  
s e n t s  a long  p e r i o d  o f  s k a r n  f o r m a t i o n  because  i n d i v i d u a l  g a r n e t  g r a i n s  ex- 
h i b i t  s e v e r a l  p e r i o d s  o t  c h e m i c a l  r e v e r s a l s  d u r i n g  g a r n e t  g rowth .  For 
example,  i r o n - r i c h ,  brown g a r n e t  formed b e f o r e  l e s s  i r o n - r i c h ,  brown g a r n e t ;  
t h e n  t h e  p r o c e s s  r e p e a t e d  i t s e l f .  F i g u r e  7 summarizes  t h e  e v o l u t i o n  of 
g a r n e t  c o m p o s i t i o n s  b a s e d  on e l e c t r o n - m i c r o p r o b e  a n a l y s e s .  



.gure 6. Garnet compositions from skarns in the Tin Creek area, Alaska. 
Compositions are expressed as mole percents of end members. 
Numbers refer to the number of analyses at that point. 

Mineralization 

Mineralization consists predominantly of massive to disseminated 
sphalerite and chalcopyrite with minor amounts of galena, pyrite, and 
pyrrhotite, and rare arsenopyrite, covellite, chalcocite, and magnetite. 
Silver occurs as an ore mineral, but its form and localization have not 
yet been determined. Sulfides occur as fine to coarse grains that are 
generally associated with calc-silicate assemblages. Ore minerals occur 
in skarn bodies, as sulfide mantos within the calc-silicate hornfels, as 
mineralized skarn clasts in the igneous-matrix breccia dikes, and as 
minor veins with quartz and calcite in the calc-silicate hornfels. 

Semimassive to massive sulfide nlantos are the only significant 
mineralization within the banded calc-silicate hornfels and the only 
significant mineralization that is not hosted by skarns. Mineralization 
within the hornfels occurs immediately below the thrust fault exposed in Tin 



Progressive Mstasomatic Alteration 

Figure 7 .  Evolution of  the composition of 
garnets from skarns in the Tin Creek 
area, Alaska, based on electron- 
microprobe analyses. Percentage of 
andradite in the garnets is plotted v s ,  
progressive metasomatis alteration. 

Creek. About n dozen mineralized layers, conformable to banding (relic 
bedding), are exposed over a stratigraphic distance of 6 m. Individual 
mantos vary in thickness from 2 cm to 1 m. They are composed dominantly of 
sphalerite and pyrite with chalcopyrite and galena in association with sparry 
calcite and some quartz. Sulfide mantos may have replaced the original thin 
limestone beds within the metasiliceous clastic unit. 

Sulfide deposition is intimately associated with the skarn calc- 
silicates. Petrographic studies of altered rocks in the Tin Creek area have 



s u g g e s t e d  t h e  p a r a g e n e t i c  model t11nt i s  summarized i n  f i 4 u r e  8. Xetamorphic 
g r o s s u l a r i t i c  g a r n e t  and d i o p s i d i c  pyroxene form w i t h o u t  any  s u l f i d e  p h a s e s .  
E a r l y  me tasomat i c  g a r n e t  and pyroxene ,  t ~ o w e v e r ,  a r e  accompanied by minor  
amounts  of s p h a l e r i t e  and c i i a l c o p y r i t e .  O v e r a l l ,  s k a r n - m i n e r a l  f o r m a t i o n  and 
s u l f i d e  d e p o s i t i o n  a r e  n o t  contemporaneous  i n  most  s k a r n  b o d i e s  s t u d i e d .  

I n  a l m o s t  e v e r y  c a s e  wt~ertr o r e  m i n e r a l s  o c c u r  i n  s k a r n s ,  t h e  nea rby  
c a l c - s i l i c a t e  m i n e r a l s  a r e  p a r t i a l l y  t o  c o m p l e t e l y  d e s t r o y e d .  The main 
p e r i o d  of s u l f i d e  c r y s t a l l i z a t i o n  i s  contemporaneous  w i t h  t h e  waning  forma- 
t i o n  o f  g a r n e t  and py roxene .  S u l f i d e s ,  commonly accompanied  by q u a r t z  and 
c a l c i t e ,  r e p l a c e  g a r n e t  and pyroxene  and o c c u r  i n  c a l c i t e - d o m i n a n t  v e i n s  and 
pods th roughou t  many of  t h e  examined s k a r n s .  The dominant  o r e  m i n e r a l s  t h a t  
o c c u r  i n  t h e  T i n  C r s e k  s k a r n s  a r e  s p h a l e r i t e  and c h a l c o p y r i t e .  Even though 
s p h a l e r i t e  and  c h a l c o p y r i t e  may o c c u r  w i t h  py roxene  and g a r n e t ,  t h e  s u l f i d e s  
and me tasomat i c  c a l c - s i l i c a t e s  u s u a l l y  have a  p r e f e r e n t i a l  a s s o c i a t i o n :  
h e d e n b e r g i t i c  py roxene  i s  commonly r e p l a c e d  by s p h a l e r i t e ,  whereas  a n d r a d i t i c  
g a r n e t  is  p r e f e r e n t i a l l y  r e p l a c e d  by c h a l c o p y r i t e .  Copper-z inc  r a t i o s  
i n c r e a s e  from t h e  d i s t a l  py roxene-spha le r i t e -dominan t  s k a r n s  toward t h e  
proximal  garnet-cl~alcopyrite-tiomirlant s k a r n s .  Maximum coppe r -z inc  r a t i o s  
o c c u r  a t  t h e  c e n t e r  of t h e  exposed  me tasomat i c  s y s t e m ,  where  g a r n e t  s k a r n s  
a r e  a s s o c i a t e d  w i t h  c h a l c o p y r i t e  and n a g n e t i t e .  

R e t r o g r a d e  a l t e r a t i o n  of  g a r n e t  and py roxene  t o  e p i d o t e  and amphibole  
w i t h  q u a r t z  i s  somet imes  p o s t d a t e d  by s u l f i d e  f o r m a t i o n .  Un l ike  t h e  main 
s u l f i d e - d e p o s i t i o n  e v e n t ,  where mush o i  t h e  s u l f i d e  b a s  r e p l a c e d  t h e  
c a l c - s i l i c a t e s ,  l a t e  s u l f i d e  d e p o s i t i o n  o c c u r s  a s  c r o s s c u t t i n g  v e l n s .  Where 
g a l e n a  o c c u r s  i n  s k a r n s ,  i t  i s  commonly a s s o c i a t e d  w i t h  c a l c i t e  i n  v e i n s  t h a t  
c r o s s c u t  a l l  e a r l i e r  f e a t u r e s .  S p h a l e r i t e  and c h a l c o p y r i t e  o c c u r  a s  v e i n s  
t h a t  c r o s s c u t  amph ibo le  and e p i d o t e ,  a l t h o u g h  t h e s e  o c c u r r e n c e s  a r e  minor due 
t o  t h e  low r e t r o g r a d e  a l t e r a t i o n  of  t h e  s k a r n s .  

PORPHYRY-COPPER SYSTEM 

Skarn  p r o s p e c t s  i n  t h e  T i n  Creek a r e a  may o v e r l i e  a  porphyry-copper  
d e p o s i t .  T h i s  h y p o t h e s i s  i s  d i f f i c u l t  t o  p r o v e  b e c a u s e  of t h e  l a c k  of 
exposu re  of  any  s t o c k .  A d d i t i o n a l l y ,  no deep  d r i l l i n g  h a s  been  comple ted  i n  
t h e  p r o s p e c t  a r e a .  However, t h e  porphyry-copper  h y p o t h e s i s  i s  s u p p o r t e d  by 
f o u r  o b s e r v a t i o n s  ( 1  t h r o u g h  4 ,  below) and n e g a t e d  by f i v e  o t h e r s  ( 5  t h r o u g h  
9 ,  below) : 

1. The metamorphic  a u r e o l e  p r o b a b l y  r e s u l t e d  f rom a  h i d d e n  s t o c k .  The 
s t o c k  may have  porphyry-copper  m i n e r a l i z a t i o n  because  some exposed  
d i k e s  c o n t a i n  d i s s e m i n a t e d  s u l f i d e s .  

2 .  The q u a r t z  s tockwork  is  i n t e n s e l y  v e i n e d  a t  t h e  c e n t e r  of  t h e  T i n  
Creek  a r e a  (Anaconda M i n e r a l s  Company, w r i t t e n  commun., 1983).  

3 .  A c t i n o l P t e ( ? ) - b e a r i n g  v e i n s  o c c u r  i n  h o r n f e l s  n e a r  t h e  c e n t e r  of  
t h e  T i n  Creek  a r e a ,  and a c t i n o l i t e - b e a r i n g  v e i n s  a r e  a b s e n t  i n  
s k a r n  n o t  a s s o c i a t e d  w i t h  p o t a s s i u m - s i l i c a t e  a l t e r e d  s t o c k s .  

4 .  The re  a r e  many examples  i n  l i t e r a t u r e  ( f o r  example ,  E i n a u d i  and 
o t h e r s ,  1981) i n  which z i n c - l e a d  s k a r n s  a r e  p e r i p h e r a l  t o  
porphyry-copper  s y s t e m s .  
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Figure 8. Generalized paragenetic model based on petrographic studies showing skarn 
formation and sulfide deposition of altered rocks in the Tin Creek area, Alaska. 

5 ,  Metal ratios of igneous rocks in the Tin Creek area are not like 
metal ratios of igneous rocks that are associated with porphyry- 
copper systems. Figure 9 compares metal ratios of intrusive rocks 
in the Tin Creek area with the averaeo mebab ratio for the - 
porphyry-copper system in the Kalamazoo deposit, Arizona (Chaffee, 
1982). 
The molybdenum mineralization that commonlv occurs with porphyry- 
copper systems tioes not occur in the Tin Creek area. 
Significant porphyry-copper mineralization has not been found in 
exposed igneous plutons of intermediate compositions in the Tin 
Creek area. 
Skarns in the Tin Creek area are usually not retrograded, whereas 
porphyry-copper-rclatgd skarns have strong retrograde alteration 
(Einaudi and others, 1981).  
Igneous dikes in the Tin Creek area do not have the intense altera- 
tion assemblages characteristic of porphyry-copper systems, 
lgneous rocks in the study area are mostly propylitically altered 
with very minor sericitic alteration. 

The question of whether a hidden porphyry-copper system exists in the 
Tin Creek area is relatively unimportant, economically, at this time. Silver 
grades will determine whether these prospects are economically feasible given 
the present conditions. 

COMPARISON OF SKARN DEPOSITS I N  THE TIN CREEK AREA WITH OTHER ZINC-LEAD SKARN 
DEPOSITS 

Skarn deposits are classified according to the dominant economic metal 
present. Six general subclasses exist: iron-gold, tungsten, copper, zinc- 
lead-silver, molybdenum, and tin. Zinc and silver are the dominant economic 
metals in the Tin Creek area. Variations within these subclasses are a 
function of magma type, environment of emplacement, and composition of the 
host rock (Einaudi and others, 1981).  Einaudi and others (1981) further 
divided zinc-lead skarns by proximity to plutonic bodies. For comparative 
purposes, table 1 lists some characteristics of calcic zinc-lead skarns, 
table 2 summarizes the similarities between skarns in the Tin Creek area and 
other zinc-bearing skarns, and table 3 lists some zinc-lead skarns that 
formed near dikes. 
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F i g u r e  9 .  Comparison of m e t a l  r a t i o s  o f  i n t r u s i v e  r o c k s  i n  t h e  
T i n  Creek  a r e a ,  A l a s k a ,  w i t h  t h e  a v e r a g e  m e t a l  r a t i o  f o r  
t h e  po rphyry -coppe r  sys t em i n  t h e  Kalamazoo d e p o s i t ,  
A r i z o n a  (Cliaf f e e ,  1 9 8 2 ) .  

Ska rn  p r o s p e c t s  i n  t h e  T in  Creek a r e a  a r e  some of t h e  b e s t  e x p l o r e d  
a r e a s  in t h e  McGrath Quadrang le ,  y e t  t h e r e  h a s  been  l i m i t e d  d r i l l i n g  and 
d e t a i l e d  g e o l o g i c  mapping.  E s t i m a t e s  of g r a d e  and tonnage  of  p o t e n t i a l l y  
mineab le  s k a r n  d e p o s i t s  i n  t h e  a r e a  a r e  t e n t a t i v e l y  b a s e d  on  l o c a l  knowledge,  
b u t  e s t i m a t e s  c a n  a l s o  be p o s t u l a t e d  by e x t r a p o l a t i n g  d a t a  from z i n c - l e a d  
s k a r n  d e p o s i t s  t h r o u g h o u t  t h e  wor ld  ( t a b l e  4 ) .  An i n h e r e n t  a s sumpt ion  is 
t h a t  t h e  T i n  Creek  a r e a  c o n t a i n s  a  s k a r n  d e p o s i t ( s )  t h a t  i s  s i m i l a r  i n  s i z e  
and q u a l i t y  t o  t h e  a v e r a g e  z i n s - l e a d  s k a r n  d e p o s i t .  
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Table 1. Some c t l a r a c t e r l s t i c s  of c a l c i c  z inc- lead s k a r n s .  From Einaudi and 
o t h e r s ,  1981. 

Typica l  s i z e :  0 . 2  - 3 m i l l i o n  tons  

Typica l  grade:  9% Zn, 6% Pb, 5 o z / t o n  Ag 

Metal a s s o c i a t i o n  (minor meta l s )  : Zn, P b ,  Ag (Cu,  W )  

Tec ton ic  s e t t i n g :  Con t inen t a l  margin,  synorogenic  t o  l a t e  orogenic  

Associated igneous rocks :  Granodior i te  t o  g r a n i t e ;  d i o r i t e  t o  s y e n i t e  

Co-genetic. v o l c a n i c  rocks:  Absent o r  uncommon 

I n t r u s i v e  t e x t u r e :  Coarse grained t o  a p h a n i t i c ,  equ igranula r  t o  
p o r p h y r i t i c  

I n t r u s i v e  morphology: Large s t ocks  o r  d i k e s  

Lntrusive a l t e r a t i o n :  Local ,  but i n t e n s e  endoskam;  epidote-  
pyroxene-garnet 

Mineralogy 

Prograde: Johannsen i t i c  pyroxene, a n d r a d i t i c  g a r n e t ,  
bus t ami t e ,  l o c a l  idocrase  

Retrograde:  Mn-ac t ino l i t e ,  i l v a i t e ,  e p i d o t e ,  c h l o r i t e ,  
dannemorite (amphibole) 

O r e :  S p h a l e r i t e ,  ga l ena ,  c h a l c o p y r i t e ,  a r s e n o p y r i t e  



Table .I. S i m i l a r i t i e s  be tween s k n r n s  in t h e  T i n  i r r e k  a r e a ,  A l a s k a ,  and o t h e r  
z i n c - b e a r i n g  s k a r n s  . 

S k n r n s  a r e  associated w i t h  s t r u c t u r a l  p a t h w a ! . ~ .  

S b a r n s  c o n t a i n  d i s t i n c t i v e  !nanganese and i r o n - r i c h  c a l c - s i l i c a t e  
m i n e r a l s .  

S k a r n o i d  s t a g e s  a r e  a b s e n t .  

S k a r n s  c o n t a i n  a  r e l a t i v e l y  mlnor d e g r e e  u t  r e t r o g r a d e  a l t e r a t i o n .  

Pyroxene i s  u s u a l l y  a  dominant p r o g r a d e  c a l c - s i l i c a t e  m i n e r a l .  

Dominant o r e  s u l f i d e s  ' i re  d s s o c i a t e d  w i t h  py roxene  

C a l c - s i l i c a t e  m i n e r a l s  c o n t a i n  s i g n i f i c a n t  amounts  o f  py roxenes  ( i e r r o u s  
i r o n )  and g a r n e t  ( t e r r i c  i r o n ) .  

T l l r  i r o n - s u l f  i d e  mine ra logy  ( i t  t h e  s k a r n  i s  s i m p l e :  s p h a l e l - i r e  and 
g a l e n a  w i t h  minor  c h a l c o p v r i t e  and r a r e  p y r i t e ,  p y r r h o t i t e ,  and  
m a g n e t i t e .  

The i r o n - s u l f i d e  c o n t e n t  i n  s p h a l e r i t e  i s  1 2  t o  20  mole p e r c e n t  lion 

s u l f i d e  (compare t o  Ti11 L r e e k ' s  14 t o  2 0  mole p e r c e n t  i r o n  s u l f i d e  
i n  s p h a l e r i t e ) .  



T a b l e  3. Examples of  z i n c - l e a d  s k a r n s  t h z t  formed n e a r  d i k e s .  Mod i f i ed  f rom E i n a u d i  and o t h e r s ,  1981. 

M e t a l s  T o n n a g e  l n t r u s l v e  I ' roRr .~cl ra  Hr t  r c ~ g r n r l *  P I t c r q l  i t  n 1 . 8  

L o c a l i t y  ( m i n o r )  g r a d e  l i o s t  r o ~ k s  r o c k  - m i n e r a l s  r n i n < . r a l s  (q'.ir]ue m i n r r a  1 s  S k a r n  r < j r p t l o l a g ) '  i n t r u s l v t ,  

G r o u n d h o g  mint . ,  Z n ,  Pti 3 m . t . b  C a r t , , ~ ~ ~ f e r o ~ ~ s  T e r t  l a r y i ? )  Y y x ( H d b o ~ L 5 ,  ~ l v , ~ i r e ,  S p h n l t ~ r i t r , g n l ~ . r ~ a ,  A l o n p d i k c a n d  t x f ~ r ! i ~ ~ t ~ ~ ] ~ ~ ~ t ~ l ~ -  

L e n t r a l  m i n i n g  ( C I I ,  Ag) 17'. Zn l  imps1 I , I I* .  g r a n t l d i c 9 r i t e  .lo ) ,  CAI u i ~ t l r ,  I i t ,  I ,  o t t l < . r  1 1 t I 1 ~ t o g 1 ,  0 1 1 ~  I 1 1 ,  , I I U ! ~  $ 1 1 1  

d ~ s t r l r t ,  hi. M z .  45- I'b p u r p t ~ y r )  ( ~ 3 ' -  5 0  a m p l ~ i l ~ o l c  , r ~ ~ , ~ p r t f , t  j t  r c u n t  i i  t  s 
80- (10). 

1 %  Cu d i k v s  L u s t a m ~ t r  c 1 : l o r i t i .  

i d  t i  I , I'L, I n  3 r r . 1 .  ( r e t a c c  . , ~ i > .  1 t . r t  ~ a r \ l  7 )  t'yx(lld 4 1 ~ , l b ) ,  I p ~ d , ~ t t . ,  ,\)IT- ( ; a t '  I , , , ,  : ~ p I l , l l e r ~ t ~ ~ ,  A l < , n g  t < , ~ r l , < ~  t., C I I I C ~  ' 1  1 1 ,  1 1 ,  , 1 1 

( :hihrl. ihua, M e h l c o  ( C U ,  S n ,  A61 g r a i t r s  u r ,  I l r r r s r o n t  r l ~ y o l i t r  a i r d r ~ d f t i c  n , i n g t o n l t t  , ~ t l . i l c i , j ~ : . r ~  r ~ ,  m a g n r -  d ~ ! - t a l  1,) r h ~ o l  ) I t ,  

kn<, i i ,  t i ikc.5 g a r n e t  i l v n l t < . ,  I l l * . ,  'd5. i t C 7  I r e  kt , ! ,  

l l i , , ) r l l l  

h, 
0 

I 
N a i c a  m i n e ,  Z n ,  P b ,  AR 

C h i h u a h u a ,  M e x i c o  ( C u ,  W )  

1 0  m . t .  C r e t a c e o r l s  

10% i n  I i m e s t o n c ,  

1 7 2  Ph s h n l c  

1 3  u z  A~!ton 

:.I 1 1  " r ider-  I r y r o x e n e ,  

l a i n  b y  r h o d o n l  l r  

q u a r t z  mon- 

zorli  t e  s t o c k  

I e r L i a r y ( . ! i  L a r ( A d  

rt1yc11 i t e  s p 2 -  )$'i?flibo, 

il i  k1.s ~ o  i, w o l l a s t o  
4  0 

n i t e , i i l o c r a s f . .  

b u s t a m i t e  

F l u < r r i t e ,  c t l l o -  : > p l i a l r r i r v ,  g a l e n a ,  Ali,l lg d i k r  rnrl l , , t ~ r ~ t v t  - ! c l , ~ c r  ,,,,, 
r l t r , ,  a m p l ~ i -  c l i . ~ l c o p y r i t r ,  p y r i t r ,  1 n 1 1 l t  c o n t a c t s  < . n , l < > s k # r r i  

t , o I e  . ~ r s e ~ ~ o l - v r i  t e .  p y r r l l o -  

t l t r . ,  n laRr l ( . t i t t . ,  

molvt ,d i .n i  t r  

F r i s c o  m i n e ,  Z n , l ' b , A g  0 . 5 m . t .  C r e t n c r  ous  l e r t  i a r y (  ! )  P y r o x < n c >  A m p l ~ i b ~ , l t .  I I -  S p t ~ d I ~ ~ ~ i t c ~ ,  g ' l l c r , ~ ,  Y ~ i n 5  r l ~ l  t i o g  

C h i h u 3 h u a ,  M e x i c o  ( C u )  8% 2n s l l a l r  r h y o l i t e  \ . a i t r ,  c p ~ d c ~ t c . ,  c h a l c o p y r ~ t e ,  s h a l e  

5 O 4  Pb d i k e s  f l r ~ o r i t c  p i r i  t e ,  a r a t ~ n o p y r i t r  

0 .  h'. CU 

5 u z  & / t o n  

tli  ldagcr m i n e ,  Z n ,  P b ,  Afi, Cret.rc<,c,us T I  r  ( ; a r n r t  , p y r n -  F l u i , ~  I t t . ,  e l  i -  S 1 , t l a I r . r i f t . ,  p d l e ~ i a ,  A l o n g  f a r ~ l t  ,inti 1,as d l  I t  1. ' t  Id 1 )  , I  

S a n t a  R a r h a r a  Cu 10% Zr] l i m e s t o n e ,  r h y o l i t e  d o r r  c l i a l c o p y r  i t t ' ,  p y r i t r ,  ~ l i k < .  c o n t a c t s  x e n e ,  i d o -  

d i s t r i c t ,  15% Pb s h a l e  d i k e s  c r a s t f ? )  a r s e n o p y r l  Le 

Chi t rauhua,  Mrr ico  7% Cu 

8 oz A g l t c n  

a ~ y r o x e n e  ( P y x )  c o m p o s i t i o n  e x p r e s s e d  a s  m o l e  p e r c e n t  h e d e n b e r g i t e  O l d )  a n d  j o h a n n s e n i t e  ( J o ) ;  r r n l a i n d c r  i s  d i o p s l d r . .  ( : a r n e t  ( L a r )  C o m p o s i L i o n  e x p r r s : ; r d  a s  mot'  [ p e r c e n t  
b a n d r a d l t e  (Ad)  a n d  s p e s s a r t i n e  ( S p ) ;  r e m a i n d ~ r  i s  g r o s s u l a r i t e .  O l i v i n e  ( O l v )  c o m p o s i t i o n  e x p r e s s e d  a s  n lo le  prrcc.r:t  f a y a l i t r  ( F a )  a n d  t e p h r o l t e  ( l p ) ;  r e m a i n d e r  i s  f o r s t t s r i l r  

l o n n a g ~  r e p r e s e n t s  e s t i m a t e  o f  t o t a l  o r e ,  u r  ) e a r l y  p r o d u c t i o n ,  i n  m i l l i o n s  o f  t o n s  ( m . t . ) .  



Table 4. Grade and tonnage tor samples trom q7 zlnc-lead skarn deposits 
throughout the world. From Singer and Ficsier, 1983. 

10th a 50th 
~ r c e n t i l e  percentile, 

'Lonnage (millions of tons) 18.0 2.1 0.25 
Zinc grade ( 2 )  14.0 5.8 2.8 
Copper grade (%)  1.2 0.079 --- 
Lead grade ( Z )  11.0 3 . 6 0.54 
Silver grade (g/ton) 390.0 98.0 --- 
-- - 
a 
Minimum grades or tonnage Lor 90% oi the lead-zinc skarns examined. 

b ~ e a n  or average. 
C 
Minimum grades O L  tonnage tor 10% of the lead-zinc skarns examined. 


