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Geology of t h e  Golden Zone mine a r e a ,  Alaska 

C. C. Hawley, Allen L. Clark, and J. Alan Benfer 

Abstract  

The Golden Zone mine a r e a ,  i n  the upper Chulitna d i s t r i c t ,  is  

underlain mainly by s i l t s t o n e  and t u f f ,  vo lcanic  conglomerate and 

b recc i a ,  and limestone. These rocks were invaded, probably i n  t he  

T e r t i a r y ,  by d ikes  and a small  s tock  of porphyry. The ore  depos i t s  of 

the area a r e  the Golden Zone b recc i a  pipe,  a near ly  v e r t i c a l  body about 

i n  t h e  cen te r  of  the  porphyry s tock ,  and s t eep ly  dipping veins, Most 

ve ins  s t r i k e  nor th  t o  northeast: and a r e  commonly only 1-5 f e e t  

t h i ck ,  bu t  l o c a l l y  are as  much a s  15 feet  th ick .  Both p i p e  and ve in  

depos i t s  a r e  gold depos i t s  of low t o  moderate grade t h a t  are charac te r -  

ized  by abundant -a rsenopyr i te ;  some con ta in  possibly economic amounts 

of copper, l ead  and z inc  minerals.  O f  t he  depos i t s  of the  mine a rea ,  

only the  Golden Zone has been explored t o  any ex ten t ,  and both i t ' a n d  

some o f . t h e  ve ins  deserve f u r t h e r  explora t ion  t o  determine t h e i r  

p o t e n t i a l .  

In t roduct ion  

The Golden Zone area is i n  t h e  upper Chuli tna d i s t r i c t  on the south 

flank of t h e  Alaska Range, no t  f a r  from Broad Pass. Resul ts  of  recent  

work i n  the d i s t r i c t  have been summarized i n  a Geological Survey Ci rcu lar  

(Hawley and Clark, 1968) ;- t h i s  brief report: p resents  supplementary da t a  

on t h a t  p a r t  of the d i s t r i c t  near t h e  Golden Zone mine ( f i g .  1). Other 

d a t a  on t h e  d i s t r i c t  are i n  t h e  r e p o r t s  by Capps (1919); Ross (1933) and 

Mulligan and o the r s  (1967). 



Geology 

Rocks 

The Golden Zone mine a r e a  is mainly u n d e r l a i n  by sedimentary  and 

v o l c a n o c l a s t i c  rocks  of l a t e  P a l e o z o i c  and e a r l y  Mesozoic age which were 

invaded,  probably  i n  t h e  T e r t i a r y  (Ross ,  1933, p.  305), by a small s t o c k  

and d i k e s  of b i o t i t e  q u a r t z  d i o r i t e  porphyry. The porphyry s t o c k  is  t h e  

h o s t  rock o f  t h e  Golden Zone m i n e r a l i z e d  b r e c c i a  p i p e .  Except i n  t h e  

canyon of Bryn Mawr Creek, a t  a few i s o l a t e d  ou tc rops  and i n  a r t i f i c i a l  

exposures ,  t h e  rocks  of t h e  d i s t r i c t  a r e  covered by a veneer  of 

col luvium and g l a c i a l  d r i f t .  

Most of t h e  a r e a  is  probably  u n d e r l a i n  by t h r e e  rock u n i t s :  (1) 

s i l t s t o n e  and t u f f ,  (2 )  v o l c a n i c  conglomerate and b r e c c i a ,  and (3) 

l imes tone  ( f i g .  2 ) .  Subord ina te  rock  t y p e s  a r e  t h e  q u a r t z  d i o r i t e  

ps rphyry ,  b a s a l t ,  and an a r g i l l i t e - - h e r e  combined w i t h  t h e  s i l t s t o n e  and 
. 

1 / 
t u f f .  At most p l a c e s  t h e  s i l t s t o n e  and t u f f  is a j a r o s i t i c -  c l a y e y  r o c k ,  

11 
pale g r e e n i s h  yellow on f r e s h  s u r f a c e s .  Locallv i t  is l imoni t i c -  , and i n  

places i t  c o n t a i n s  v e i n l e t s  o f  s u l f i d e s  on i n t e r l a c i n g  f r a c t u r e  s u r f a c e s  

i n c h e s  o r  l e s s  a p a r t .  The c o l o r ,  composi t ion,  and t h e  local concentra-  

t i o n s  of s u l f i d e s  show t h a t ,  a t  most p l a c e s ,  t h e  s i l t s t o n e  and t u f f  is a 

hydrothermal ly  a l t e r e d  rock.  The u n a l t e r e d  e q u i v a l e n t  is a r e d ,  h e m a t i t i c  

s i l t s t o n e  w i t h  s p a r s e  euffaceous  l a y e r s ,  a rock t y p e  exposed on ly  east  of 

t h e  n o r t h - s t r i k i n g  f a u l t  i n  t h e  lower c o u r s e  of Bryn Mawr Creek. 

1 1 
- J a r o s i t i c  is used t o  d e s c r i b e  t h e  yel low rock c o n t a i n i n g  t h e  hydra ted  

K-Fe s u l f a t e  m i n e r a l  j a r o s i t e ;  limonitic, t o  d e s c r i b e  brown gossan 

c h a r a c t e r i z e d  by hydrkted i r o n  o x i d e s ,  i n c l u d i n g  g o e t h i t e .  



' The vo l can i c  conglomerate and b r e c c i a  u n i t  v a r i e s  from a p a l e  red 

rock ,  through a breen hornfe l sed  type  i n t o  very pale gray t o  pale yellow 

horn£ e l s e d  and hydrothermal ly  a l t ! '=red v a r i e t y .  The hydrothermal ly  

a l t e r e d  type is dominant i n  t h e  mapped a r e a  ( f i g .  2 ) .  The l e a s t  a l t e r e d  

rock is exposed about 650 f e e t  nor thwest  of t h e  Golden Zone b r e c c i a  p i p e  
a 

and c o n s i s t s  of dominant subangu l i r  t o  angula r  andes i  t e (  ?) fragments and 

s p a r s e  r ed  s i l t s t o n e  c l a s t s  i n  a porous aggregate .  The green ho rn fe l s ed  

type is exposed nor thwest  of t h e  Golden Zone s tock .  Both i t  and t h e  

hydrothermal ly  a l t e r e d  v a r i e t y  a r e  t i g h t l y  cemented and the b r e c c i a  

f a b r i c  is ev iden t  only on f r e s h l y  broken s l ab s .  The a l t e r e d  b r e c c i a  is 

well exposed i n  t h e  t r enches  a t  t h e  Mayf l~wer  ve in ;  h e r e  i t  has a s i l i c a -  

ca rbona te  matrix wi th  s p a r s e l y  disseminated p y r i t e  and a r s enopy r i t e .  The 

andes i t e ( ? ) ,  and s i l t s t o n e  fragments a r e  bleached. 

I n  Long Creek canyon ( sou th  of the Golden Zone, no t  shown on fig. 2)  

t h e  volcanic c o ~ g l o m e r a t e  and breccia u n i t  is mainly conglomerate,  

c o n s i s t i n g  of rounded pebbles ,  cobbles  and boulders  i n  a ma t r i x  which 

varies from a r ed  c h l o r i t i c  s i l t s t o n e  t o  greer . ish  c r y s t a l  t u f f .  

Limestone w i th  subo rd ina t e  amounts of f ine-grained c l a s t i c  rocks  
. . 

probably u n d e r l i e s  t h e n o r t h w e s t  p a r t  of t h e  a r e a ,  b u t .  i s  only exposed a t  

, t h r ee  p l ace s  (fig. 2 ) .  F o s s i l s  i n  t h e  l imestone exposed a t  t h e  h a i r p i n  

t u r n  on t h e  mine access  road have been dated as Lower T r i a s s i c  (N.. J. 

S i l b e r l i n g ,  w r i t t e n  commun., 1967). 



B i o t i t e  quartz d i o r i t e  porphyry forms the Golden Zone s t ock  and two 

small d i k e s ,  one exposed i n  Bryn H a w r  Creek, t h e  o t h e r  nea r  the Mayflower 

vein. The Golden Zone s t o c k  i s  a  t adpo l e  shaped body, i n  p l an ,  w i th  

maximum dimensions of ap$roximately 600 by 1000 f e e t .  Holes d r i l l e d  

from t h e  200-foot l e v e l  of t h e  mine sugges t  t h a t  a t  l e a s t  t h e  west and 

n o r t h  c o n t a c t s  of t h e  s t o c k  a r e  e s s e n t i a l l y  v e r t i c a l  (Hawley and Cla rk ,  

1968).  The con t ac t s  a r e  s h a r p  and well def ined  where exposed. 

The porphyry is a pale gray rock wi th  abundant phenocrysts  of b i o t i t e  

less than  2 mm ac ro s s  and s p a r s e  hornblende need les  5 mm o r  l e s s  i n  l eng th  

s e t  i n  an aphan i c i c  matrix. Thin s e c t i o n s  show abundant p l ag ioc l a se  

phenocrysts  as much a s  5 mm a c r o s s  which,  however, a r e  almost the same 

c o l o r  a s  t h e  mat r ix  minera l s  of t h e  rock and s o  no t  ev iden t  i n  hand 

specimen. Close t o  t h e  Golden Zone b r e c c i a  p ipe  t h e  porphyry i s  b leached ,  

and aafic minera l s  des t royed ;  i n  t h e  p i p e  t h e  porphyry has  been changed t o  

an almost  wh i t e  rock r i c h  i n  s e r i c i t e  and quar tz .  

S t r u c t u r e  

The sedimentary and v o l c a n o c l a s t i c  rocks  of t h e  a r e a  gene ra l l y  s t r i k e  

t o  t h e  n o r t h e a s t  and d i p  very  s t e e p l y ;  they a r e  c u t  by f a u l t s ,  i n  p l ace s  

m ine ra l i z ed ,  of n o r t h e a s t  t o  n o r t h  s t r i k e  and s t e e p  d i p .  Two main f a u l t s  

crop o u t  i n  t h e  a r e a  ( f i g .  2 ) ;  one of  t h e s e  f a u l t s  is exposed-west o f  t h e  

Golden Zone s t o c k  and p l ace s  h i g h l y  a l t e r e d  s i l t s t o n e  and tuff against 

ho rn fe l s ed  vo l can i c  conglomerate and b r e c c i a .  The second f a u l t  is exposed 

on t h e  lower course  of Bryn Mawr Creek; t h e  f a u l t  s t r i k e s  n o r t h ,  d i p s  

s t e e p l y  t o  t h e  e a s t ,  and p l ace s  a l t e r e d  and una l t e r ed  s i l t s t o n e  i n  

j u x t a p o s i t i o n .  The rocks exposed west o r  upstream from t h e  f a u l t  i n  Bryn 

Mawr Creek a r e  l o c a l l y  b r e c c i a t e d ,  gene ra l l y  s t r o n g l y  f r a c t u r e d  and a r e  

cu t  by l o c a l  minera l i zed  f a u l t s  l i k e  t h e  East ve in .  Loca l ly ,  porphyry 

d ike s  fo l low n o r t h e a s t e r l y  f a u l t s  o r  f r a c t u r e s .  

4 



Ore depos i t s  

The o r e  d e p o s i t s  of t h e  d i s t r i c t ,  t h a t  i s ,  m a t e r i a l s  formerly mined 

o r  t hose  s t r o n g l y  minera l i zed ,  a r e  t h e  Golden Zone b r e c c i a  p i p e  and v e i n  

d e p o s i t s .  Many o t h e r  bod ies  of rock i n  t h e  a r e a ,  p r i n c i p a l l y  i n  the 

s i l t s t o n e  and t u f f  and conglomerate,  a r e  weakly me ta l l i z ed  o r  appear  t o  

have formerly  been me ta l l i z ed  and subsequent ly  leached by hypogene o r  

supergene s o l u t i o n s .  

Mineralogy 

The ore depos i t s  are composed p r i n c i p a l l y  of a r s e n o p y r i t e  and p y r i t e ;  

i n  some d e p o s i t s  o r  p a r t s  of d e p o s i t s  c h a l c o p y r i t e ,  s p h a l e r i t e ,  and galena 

a r e  abundant. Cons i s ten t  r e s u l t s  from check assays  of fresh o r e  i n d i c a t e  

chat most of t h e  gold i s  f i n e l y  disseminated wi th  t h e  s u l f i d e s  o r  i n  t h e i r  

l a t t i c e s ,  b u t  go ld  was enr iched  a t  t h e  s u r f a c e  and pas p a r t l y  p a r t i c u l a t e ,  
. 

as shdwn by r e l a t i v e l y .  h igh a s says  and l o c a l  ground s l u i c i n g  of' n ea r  

s u r f a c e  o r e s .  Except f o r  t h e  presence of t i n  i n  c a s s i t e r i t e  i d e n t i f i e d  by 

I 

Walte r  Gnagy of t h e  Bureau of Mines ( w r i t t e n  commun., 1967) t h e  mode of 

occurrence of trace elements such as bismuth,  cadmium, c o b a l t  and nickel 

noted  i n  ana lyses  ( t a b l e s  1 and 2) is'unknown. I n spec t i on  of pol ished 

s u r f a c e s  of ore from t h e  Golden Zone i n d i c a t e s  t h a t  a r s e n o p y r i t e  and one 

$anera t ion  of  p y r i t e  w#ere depos i ted  e a r l y ,  cha l copy r i t e  and  s p h a l e r i t e  

somewhat l a t e r ,  and co l l o fonn  p y r i t e  a t  a late s t a g e  engul f ing  o t h e r  

minera l s  and f i l l i n g  open spaces .  

A l t e r a t i o n  

Rocks i n  t h e  Golden Zone map a r e a  were a l r e r e d  first by hydrothermal 

m e t a l l i f e r o u s  f l u i d s ,  then by supergene s o l u t i o n s  charged w i t h  acid 

m a t e r i a l s  from ox id i z ing  s u l f i d e s .  Although t h e  quartz d i o r i t e  porphyry 



is s t r o n g l y  a l t e r e d  i n  and near thu b r e c c i a  p i p e ,  generally t h e  most 

s t r o n g l y  altered rocks  are t h e  s i l t s t o n e  and tuff and the volcanic 

conglomerate and b recc i a .  

The s tudy  of a l t e r a t i o n  i n  the  d i s t r i c t ,  thus f a r ,  i s  based on the 

f i e l d  r e l a t i o n s ,  hand specimens and a f e w  t h i n  s e c t i o n s ,  Thin s e c t i o n s  

of q u a r t z  d i o r i t e  porphyry show s p a r s e  s e r i c i t i z a t i o n  of  p l a g i o c l a s e  away 

f rom t h e  p ipe ,  bur pervasive s e r i c j . t i z a t i o n ,  quar tz  f l ood ing ,  and the 

format ion of ca rbona te  and su l f i de s - -py r i t e  and arsenopyri te--near  and i n  

t h e  pipe.  The conglomerat ic  unit, j e s i d e s  be ing  b leached ,  i s  s t r o n g l y  

c a l c i t i z e d  and con t a in s  d i s semina ted  s u l f i d e s .  The s i l t s t o n e - r i z h  unit 

is  commonly a c layey  and j a r o s i t i c  rock.  A t  places p a r t i a l  ox ida t i on  

persists to some dep th ,  as a l l  the  rock encountered i n  t he  U.S. Bureau o f  

Mines d r i l l  h o l e  No. 2 In Bryn Mawr C r e ~ k  ( f i g .  2)  i s  r i c h  i n  c l a y  bu t  

con t a in s  f e w  sulfides above 300 feet o r  approximately  200 f e e t  v e r t i c a l l y  

below the creek .  In c o n t r a s t  , probably equ iva l en t  rocks exposed 

nor thwes t  of t h e  p o r t a l  of t h e  c r o s s c u t  a d i t  are l i m o n i t i c  and jarositic, 

but s u l f i d e s  are l o c a l l y  found on t h e  interlacing f r a c t u r e  s u r f a c e s .  

Desc r i p t i on  of d e p o s i t s  and minera l ized  rock 

The main d e p o s i t  of t h e  area, t h e  Golden Zone b r e c c i a  p ipe ,  shown i n  

p l an  and s e c t i o n  ( f i g .  2 ) ,  t7as desc r i bed  i n  C i r c u l a r  No. 564.  Seve ra l  

o t h e r  d e p o s i t s ,  notably the  Little, East,  and Mayflower ve in s  were only 

mentioned i n  that report, and brief d e s c r i p t i o n s  of t h e s e  and o t h e r  

d e p o s i t s  a r e  given here. 

L i t t l e  vein.--Thz L i t t l e  v e i n  is a quartz-arsenopyrite-chalcopyrite 

v e i n  which is  exposed on t h e  sou th  s i d e  of Bryn Mawr Creek oppos i t e  the 

Golden Zone workings ( f i g .  2) . The vein is very poor ly  exposed now, b u t  

i t  can b e  p ro j ec t ed  through old p i t s  and a s h o r t  caved adLt f o r  about  300 



I 

feet; i t  s t r i k e s  nor th -nor theas t  and d i p s  s t e e p l y  t o  the sou thea s t .  

According t o  Ross (1933, p .  324) t he  v e i n  was about 3  f e e t  wide,  but 

bounded by i n d e f i n i t e  w a l l s .  One sample of s co rod i t e - s t a i ned  damp 

m a t e r i a l  taken ( t a b l e  I., no. 6 )  assayed 25 pprn o r  approximately 0.7 

oz / t on  go ld ,  a va lue  c o n s i s t e n t  w i th  f i x e  assay r e s u l t s  of 6 samples 

r epo r t ed  by Ross (1933, p. 323) and l i s t e d  below: 

Assays of samples from L i t t l e  v e i n  (Ross, 1933, p. 323) 

Sample No. Width Gold S i l v e r  Arsenic Sampler 
(oz / ton)  (oz/tom) (2) 

R grab (Dump) 2.58 4.70 33.22 Harry Townsend 

S 1 . 0  foo t  0 , 4 8  2.40 23.61 I I 

g grab (open cuts) 0.86 1 1 . 6 0 .  18.10. J. G .  Shephard 

6  3.0 feet 0.16 2.40 ----- C. P. Ross 
.. , 

7 0.6 f o o t  0.99 ' 6.60 ----- I 1  

8 4.0 feer 

Easr vein.--The Eas t  ve in  is exposed i n  Bryn Mawr Creek and was 

probably i n t e r s e c t e d  i n  t h e  c r o s s c u t  a d i t  l e v e l  of t h e  Golden Zone mine. 

The v e i n  strikes about N. 25' E . ,  d i p s  75' NW and ranges  from s l i g h t l y  

more than 1 f o o t  t o  about 3 f e e t  wide. As exposed i n  Bryn Mawr Creek 

s u l f i d e s  make up a t  l e a s t  80 percen t  of 1-foot widths  o f  t h e  vein. In 

o rde r  of abundance t h e  s u l f i d z s  are ~yrire, a r s e n o p y r i t e ,  s p h a l e r i t e ,  

ga lena ,  and cha l copy r i t e .  I f  t h e  vein i n  the c ro s scu t  a d i t  l e v e l  i s  t h e  

Easr, then  the vein is a t  l e a s t  900 feet  long. The v e i n  in t h e  crosscut 

a d i t  was reported to be as much as 8 feer wide and con ta ined  as much as 

1.5 oz Adton A t h  some s i l v e r  and copper ( h c h o r a g e  Weekly Times, J u l y  

20, 1939).  



Two samples r e p r e s e n t i n g  m a t e r i a l  r i c h  i n ' a r s e n o p y r i t e  and galena- 

s p h a l e r i t e  r e s p e c t i v e l y  ( t a b l e  1, no. 14)  were c o l l e c t e d  from t h e  East 

v e i n  i n  Bryn Mawr Creek. Both show c o n s i d e r a b l e  g o l d ,  more than  1 percen t  

a r s e n i c ,  and 1 p e r c e n t  o r  more l e a d  and z inc .  The r e s u l t s  of 4 channel  

=ampies taken a c r o s s  about  1 112-foot wid ths  by t h e  U.  S .  Bureau of Mines 

(Mulligan and o t h e r s ,  1967) i n d i c a t e  from .01-.90 o z l t o n  Au, 1.2-8.5 

o z / t o n  Ag and as much a s  1 . 8  p e r c e n t  Pb and 1 . 7  p e r c e n t  Zn. 

Mayflower vein.--The Mayflower v e i n  is actually a lode  o r  a  set of 

n o r t h e a s t e r l y  t r e n d i n g  v e i n s  t h a t  a r e  now exposed i n  shal low t r e n c h e s  and 

open c u t s .  A sha l low s h a f t  n e a r  l o c a l i t y  2 1  (fig. 2 )  on t h e  v e i n  is caved. 

The w a l l  rock  is c a l c i t i z e d  and h o r n f e l s e d  v o l c a n i c  conglomerate w i t h  

d i s semina ted  p y r i t e  and a r s e n o p y r i t e .  A d i k e  of f r e s h  b i o t i t e  q u a r t z  

d i o r i t e  porphyry is p a r t l y  exposed i n  t h e  t r e n c h  system t h a t  e x p l o r e s  t h e  

v e i n s ;  l i k e  t h e  veins, i t  s t r i k e s  nor th -nor theas t  and d i p s  s t e e p l y .  

. . . . The &in v e i n  of the lode system' ranges  from a few inches  t o  abou t  15 

feet i n  width  and can be t r a c e d  through p r o s p e c t  p i t s  f o r  about  600 f e e t .  

Arsenopyr i t e ,  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  a r e  v i s i b l e  l o c a l l y ,  b c t  

most v e i n  m a t e r i a l  is ox id ized  and composed o f  l i m o n i t e .  

R e s u l t s . o f  sampling by :he a u t h o r s  ( f i g .  2 ,  t a b l e  I), U.S. Bureau of  

Mines, and t h e  owner, W. H. Greene, i n d i c a t e  v e r y  low t o  moderate v a l u e s  

i n  go ld ,  s i l v e r ,  copper ,  l e a d ,  and z inc .  A 5-foot channel  sample by the  . 

Bureau a t  about  t h e  l o c a t i o n  of our  sample no. 16 (a 15-foot c h i p  s a s p l e )  

s h m s  0.14 o z l t o n  Au, 0.25 o z l t o n  Ag, and .10 p e r c e n t  copper w i t h  t r a c e  

amounts of lead and z inc .  Two samples collected by t h e  owner from t h e  now- 

caved s h a f t  and analyzed by t h e  S t a t e  D i v i s i o n  of Mines and Minerals  showed 

about  10 p e r c e n t  combined b a s e  metals (Cu, Pb,  and Zn) and about  3 o z l t o n  

s i l v e r  w i t h  a t r a c e  of gold  (W. H. Greene, w r i t t e n  commun., 1951) .  

The vein system p o s s i b l y  p e r s i s t s  t o  t h e  n o r t h e a s t  below t h e  s u r f i c i a l  

cover .  Samples of mixed col luvium and g l a c i a i  d r i f t  downslope f rom t h e  
8 



vein--sample l o c a t i o n s  and va lue s  on the map ( f i g .  2):-show more copper 

t h a n  i n  o t h e r  s o i l  samples. Inasmuch a s  mercury is  known t o  be s l i g h t l y  

enr iched  i n  t h e  Mayflower v e i n  ( t o  abuut 2 . 2  ppm, tab12 I), t h e  d i g h t l y  

h ighe r  mercury con t en t s  of s o i l s  below and n o r t h e a s t  of t he  exposed vein 

may a l s o  sugges t  t h a t  minera l i zed  rock p e r s i s t s  t o  t h e  n o r t h e a s t  a long 

t h e  s t r i k e  of the ve in .  

Other ve in s  and deposits.--A few samples were t aken  from o t h e r  ve in s  

o r  small d e p o s i t s  of disseminated s u l f i d e s  noted i n  t h e  course  of mapping. 

These sample l o c a l i t i e s  a r e  5 ,  7 ,  8 ,  12,  1 3 ,  15 ,  23-25, and 26 on f i g .  2 ;  

a l l  t h e  samples show evidence of m i n e r a l i z a t i o n ,  and are descr ibed  b r i e f l y  

below: 

Desc r i p t i on  of samples from small ve in s  

and d e p o s i t s  ( f i g .  2 ,  t a b l e  1) 

5. Limonite-stained ca rbona te  v e i n ,  s e p a r a t e s  una l t e r ed  a r g i l l i t e  ( n o t  

d i s t i n g u i s h e d  on map) from a l t e r e d  t u f f  and s i l t s t o n e .  Fau l t  s t r i k e s  

N. 5". W . ,  d i p s  45" NE. Grab sample r e p r e s e n t a t i v e  of approximately 

2 f e e t  of v e i n  m a t e r i a l .  

7 .  Vein 'ma re r i a l  a t  caved prospec t  p i t .  Grab sa-e of l i m o n i t i c  

b r ecc i a .  

8. Chalcopyrite-arsenopyrite-quartz v e i n  i n  brownish a l t e r e d  quartz 

d i o r i t e .  Grab sample of 3-inch t h i c k  ve in .  

12 .  Sample ACF008. Limonite- and arsen ic -s ta ined  t u f f .  Grab sample. 

ACF009. Limonite on f r a c t u r e s  and i n  vuggy gossan. Grab sample. 

13. Disseminated s u l f i d e s  a t  con t ac t  of qua r t z  d i o r i t e  d ike .  Grab sample. 

15. J a r o s i t e - s t a i n e d  f ragmental  rock ,  s p a r s e  s u l f i d e s .  Vein zone s t r i k e s  

N. 15' E., 78" SE. Composite grab sample over  5-foot: width .  



23.  0.5-foot t h i c k  vein w i t h  0.1-foot s u l f i d e - r i c h  zone. Chip sample. 

24. 3.5-foot t h i c k  quar t ' z -pyr i t e  v e i n .  Chip sample. 

25. S u l f i d i z e d  s i l t s t o n e .  Limonite and s p a r s e  sulfi.des on i r r e g u l a r  

curv ing  f r a c t u r e  s u r f a c e s .  Dominant s u l f i d e s  are pyrite and 

a r s e n o p y r i t e ;  s p a r s e  ga lena ,  s p h a l e r i t e ,  and c h a l c o p y r i t e .  200-foot 

c h i p  sample. r 

A l t e r e d  rocks  ( f i g .  2).--The metal c o n t e n t s  of three ccmposi te  c h i p  

samples of t h e  j a r o s i t i c  s i l t s t o n e  and t u f f  i n d i c a t e  t h a t  t h i s  rock was 

l o c a l l y  a f f e c t e d  by hypogene m e t a l l i z a t i o n .  No one element - 
c h a r a c t e r i z e s  t h e  samples ,  bu t  a r s e n i c ,  copper ,  s i l v e r  a r e  anomalous i n  

one o r  more of the saq l e s  ( l o c a l i t i e s  9 ,  1 0 ,  and 1 1 ) .  Sample 25 of 

s t r o n g l y  a l t e r e d ,  s u l f i d e - b e a r i n g  rock  d e s c r i b e d  i n  the preced ing  s e c t i o n  

is  appreciably mote m e t a l l i f e r o u s  t h a n  samples 9-11; i t  c o n t a i n s  a t r a c e  of 

g o l d ,  and anomalous amounts cf a r s e n i c ,  silver, t i n ,  l e a d ,  copper ,  and 

molybdenum. The a l t e r e d  s i l t s t o n e  at l o c a l i t y  25 is l e s s  oxidized than  t h e  

P D C ~  exposed wes t  of t h e  Golden Zone and i n  Bryn Yawr Creek, and p o s s i b l y  

its metal content is more r e p r e s e n t a t i v e  of t h e  a l t e r e d  rock b e f o r e  o x i d a t i o n  

and s u r f i c i a l  l e a c h i n g .  
. . 

D e s c r i p t i o n s  of samples 9 ,  1 0 ,  and 11 

I 9. L imoni t i c  s i l t s t o n e ,  s t r o n g l y  f r a c t u r e d  w i t h  l i m o n i t e  concen t ra ted  i n  

i r r e g u l a r  parches  and on f r a c t u r e  s u r f a c e s ,  Sauple  c o n s i s t s  of random 

c h i p s  c o l l e c t e d  o v e r  a 20-foot width .  

10.  Same type  of rock  and l e n g t h  of sample. 

I 11. Limoni t i c  s i l t s t o n e ,  s l i g h t l y  c a l c a r e o u s ,  s t r o n g l y  f r a c t u r e d .  Composite 

I grab sample, 



Some d a t a  on t h e  copper ,  s i l v e r ,  and gold c o n t e n t  of  t h e  

hydrothermal ly  a l t e r e d  t a c k s  of t h e  d i s t r i c t  a r e  provided by U.S. Bureau 

of m n e s  d r i l l  h o l e s  No. 2 and No, 3 ,  d r i l l e d  r e s p e c t i v e l y  i n  Bryn Mawr 

Creek and n o r t h e a s t  of the Mayflower v e i n  (fig. 2 ) ,  and shown g r a p h i c a l l y  

by Mulligan and o t h e r s  (i967, f i g s .  1 0  and 11). Nei the r  d r i l l  h o l e  

reached t h e  in tended  veia t a r g e t s ,  b u t  bo th  h o l e s  show t h a t  t h e  a l t e r e d  

rock c o n t a i n s  a s  much as 500 ti 900 ppm copper ,  a few t e n t h s  of an 

ounce/ ton s i l v e r ,  and a t r a c e  of gold.  

Veins south of t h e  Golden Zone mine area (fig. 3).--The dominantly 

n o r t h e a s t e r l y  v e i n  set t y p i c a l  of t h e  Golden Zone a r e a  p e r s i s t s  t o  t h e  

s o u t h ,  as shown on a less d e t a i l e d  map (fig. 3 ) ;  i t  probably  a l s o  extends  

t o  t h e  n o r t h e a s t  under d r i f t - c o v e r e d  coun t ry  t o  a t  least t h e  Riverside 

mine (Ross,  1933, p. 326-327). 

Some v e i n s  s o u t h  of t h e  Golden Zone are very poor ly  exposed ' . in  p i t s  

and a sha l low s h a f t  excavated b e f o r e  1920; o t h e r s  can b e  i n f e r r e d  from 

anomalous metal  v a l u e s  found i n  r e s i d u a l  m a t e r i a l s  c o l l e c t e d  from shal low 

! t r enches .  The mapped s t r u c t u r e s  probably i n c l u d e  t he  Lindfors group cf 

v e i n s  b r i e f l y  d e s c r i b e d  by Capps (1919, p. 226) and Ross (1933, p. 3211, 

and t h e  Golden Zone Extens ion  noted by Capps (1917, p ,  230).  

The known v e i n s  s t r i k e  n o r t h e a s t ,  are very  s t e e p l y  d i p p i n g ,  and are 

in a s e t  p a r a l l e l  t o  a b i o t ~ t e  q u a r t z  d i o r i t e  porphyry d ike .  Samples from 

t h e  few v e i n  exposures  o r ,  a l t e r n a t i v e l y  from, dump m a t e r i a l s  c o l l e c t e d  i n  

shal low p r o s p e c t  p i t s  a l o n g  v e i n  t r e n d s  ( l e t t e r s  A t o  F ,  f i g .  3 and t a b l e  

2)  a l l  c o n t a i n  gold  i n  amounts rang ing  from about  . 2  ppm t o  1 4  ppm. The 

samples also c o n s i s t e n t l y  c o n t a i n  l e a d  and z i n c ;  antimony i s  l o c a l l y  

p r e s e n t  i n  s t r o n g l y  anomalous amounts and t r a c e  amounts of b ismuth,  

cadmium, and t i n  were d e t e c t e d  'in some .samples. 



The known ve in  system is exposed d i scon t inuous ly  i n  p rospec t  p i t s  

f o r  about 1000 f e e t  on s t r i k e ,  and is  a t  l e a s t  100 f e e t  w i d e ,  a l though 

i n d i v i d u a l  ve in s  a r e  small, probably measurable i n  inches  o r  f e e t .  

Sampling i n  an old t r ench  t h a t  was excavated i n t o  a s o i l  hor izon  

con t a in ing  r e s i d u a l  rock  fragments shows t h a t  minera l i zed  rock p e r s i s t s  

f a r t h e r  t o  the south. Twelve samples (6-17, fig. 3 ,  t a b l e  2 )  were taken 

i n  the t r ench  a t  50-foot i n t e r v a l s ,  s t a r t i n g  wi th  sample 6 a t  t h e  western 

end of t h e  p i t .  Gold was de t ec t ed  i n  most samples ,  and anomalous amounts 

of antimony, a r s e n i c ,  copper ,  l e a d ,  and z i n c  were de t ec t ed  i n  t he  same o r  

i n  o t h e r  samples. The ana ly se s  sugges t  t h a t  minera l i zed  bedrock u n d e r l i e s  

n e a r l y  a l l  of t h e  500-foot long t r ench ;  perhaps t h e r e  is a go ld- r ich  v e i n  

zone corresponding t o  samples 7 t o  10 ,  f l anked  on t he  e a s t  s i d e  by  

minera l i zed  w a l l  rocks  cha r ac t e r i z ed  by antimony, a r s e n i c .  l e a d ,  and z i n c  

i n  samples 1 3  t o  15. 

Other minera l i zed  rock is i n d i c a t e d  .rorthwest of t h e  exposed v e i n  

system in a series of ground s l u i c e d  t renches  (samples 1 t o  5 ) .  Gold was 

de t ec t ed  i n  all b u t  one sample of t h e  s u r f i c i a l  materials c o l l e c t e d  a t  t h e  

t oe s  of  t h e  excavated t renches .  

S l i g h t l y  minera l i zed  m a t e r i a l  was a l s o  found i n  o r  ad j acen t  t o  a 

major n o r t h e a s t - s t r i k i n g  f a u l t  about 1500 feet sou thea s t  of t he  Golden 

Zone mine (samples G and H ,  f i g .  3 ,  t a b l e  2 ) .  Sample G of limonitic f a u l t  

zone m a t e r i a l  shcws d e t e c t a b l e  amounts of go ld ,  s i l v e r ,  and the  presence 

of a r s e n i c .  Sample H is of a minor carbonate- jasperoid  vein. The sample 

con ta ins  a t r a c e  of g o l d ;  s i m i l a r  jasperoid-carbonate  rocks  have been 

noted with mafic  vo l can i c s  (no t  shown) and t he  anomalous va lue s  of chromium 

and n i cke l '  probably  r e f l e c t  a vo l can i c  a f f i n i t y  f o r  t he  ve in  m a t e r i a l .  



Suggestions f o r  prospect ing 

The depos i t  a t  t h e  Golden Zone b recc i a  pipe has  been explored b y  

diamond d r i l l i n g  and underground workings, bu t  f ace r s  of i t s  geology 

a r e  s t i l l  unknown a s  pointed ou t  e a r l i e r  (Hawley and Clark,  1968).  The 

v e i n  depos i t s  of t he  d i s t r i c t  have been prospected only t o  a very 

l im i t ed  e x t e n t ,  and t h e r e  has been very l i t t l e  incen t ive  t o  explore  

them f o r  many years .  Probably they would be  mineable only i f  t h e  

Golden Zone o r  s i m i l a r  depos i t  was being explo i ted  i n  the  d i s t r i c t .  

Some, however, l i k e  the  Mayflower and ve ins  of t he  Lindfors (? )  group, 

a r e  ac tua l ly '  l odes  and deserve more explora t ion .  S u r f i c i a l  t renching  

would l i k e l y  lead  t o  ex tens ions  of t h e  East and Mayflower ve ins  and the  

ve ins  south of t h e  Golden Zone ( f i g .  3 ) .  G l a c i a l  d r i f t  of unknown 

th ickness  covers much of t h e  mine a r e a ,  and gene ra l l y  precludes simple 

' 

s o i l  sampling f o r  t r a c i n g  veins. Probably t h e  d r i f t  i s  5-10' f e e t  t h i c k  

i n  most p laces  and meaningful s a r p l e s  n e i r  t h e  i n t e r f a c e  of t h e  g l a c i a l  

d r i f t  and t h e  bedrock could be  obtained wi th  a hand auger. Analyses of 

samples of mixed d r i f t  and colluvium ( f i g .  2 )  poss ib ly  i n d i c a t e  an 

ex tens ion  of t h e  Mayflower v e i n  t o  the  no r theas t .  Mercury is somewhat 

enr iched ( t o  . 5  and .6 ppm) i n  W o s a m ~ l e s  of d r i f t  and colluvium a t  t h e  

northern edge of the map ( f i g .  2) and s l i g h t l y  h igher  than normal 

concent ra t ions  of a r s e n i c ,  l e ad ,  and s i l v e r  were noted i n  t h e  same o r  

nearby samples. Although no evidence of mine ra l i za t i on  was noted,  

except  s l i g h t l y  l i m o n i t i c  l imestone,  t h e  l oca t ions  of samples suggest  

pos s ib l e  mine ra l i za t i on  of l imestone and t ! .e rocks near  t h e  contac t  

between limestme and volcanic conglomerate and b recc i a .  



The search f o r  d i s semina ted  o r  p i p e l i k e  d e p o s i t s  which could 

conceivably u n d e r l i e  some cf the h y d r o t h e m a l l y  a l t e r e d  rocks of t h e  

d i s t r i c t  could b e s t  be s t a r t e d  by e lec t romagne t ic  o r  induced 

p o l a r i z a t i o n  geophys ica l  sLrveys. Dera i led  fracture sampling of t h e  

a l t e r e d  rock of t h e  district might also i n d i c a t e  l eakage  from a deeper 

depos i t .  

The area southwest  of t h e  Golden Zone mine was explored only by 

hand-dug o r  ground-sluiced workings. Here the bedrock is  covered by 

r e s i d u a l  s o i l  o r  t h i n  g l a c i a l  d r i f t  and sha l low trenching by backhoe 

o r  bulldozer appears  f e a s i b l e  and d e s i r a b l e  t o  t r a c e  t h e  n o r t h e a s t e r l y  

striking vein system. 



Although ind iv idua l  ve ins  a r e  small, the ex t en t  of mineral ized rock 

i nd i ca t ed  by sampling o f  r e s i d u a l  ma te r i a l s  i nd ica t e s  the  area should be 

looked a t  again. 

Some of the  veins  a r e  exposed i n  o r  could b e  explored by d r i l l i n g  o r  

d r i f t i n g  from t he  c rosscut  a d i t .  The East vein was probably i n t e r s e c t e d  

and poss ib ly  was drifted on f o r  a s h o r t  d i s t ance  i n  t he  a d i t .  The vein 

represented by sample'24 a l s o  was apparent ly c u t  by the  a d i t ,  and although 

the  d i p  of t h e  Mayflower is unce r t a in ,  i t  i s  s t e e p  and s o  the Mayflower ' 

vein should be wi th in  400 f e e t  of the  f ace  of t h e  tunnel.  Reopening and 

mapping of the  workingeshould precede any extens ive  explora t ion  i n  the 

area.  

Inspec t ion  of t he  l e s s  d e t a i l e d  map ( f i g .  3) shows a zone of 

no r theas t  t o  north-northeast  ve ins  discont inuously exposed over a d i s t ance  - .  

of 4500 feet. 'The b e l t  of mineral ized rocks ,  as indica ted  by the 

hydrothermal and supergene a l t e r a t i o n  of the s i l t s t o n e  and t u f f  and 

conglomerate u n i t s ,  is approximately 2000 , f ee t  wide near  t he  Golden Zone 

mine, and on the  b a s i s  of e x i s t i n g  information,  this b e l t  could contain 

o the r  veins .  The few analyses of  surface samples of a l t e r e d  rock,  the  

d r i l l  core and s ludge from d r i l l  holes  Nos.- 2 and 3, and t h e  r e s i d u a l  

ma te r i a l s  from t h e  a rea  south of the  Golden Zone suggests  t h a t  a  very 

I large area conta ins  rock w i t h  copper measured i n  hundreds of parts per  

m i l l i o n ,  s i l v e r  measured f r o m  a f e w  t en ths  t o  s e v e r a l  p a r t s  per  mi l l i on ,  

a t r a c e  of gold, and v a r i a b l e  amounts of o the r  elements inc luding  

a r s e n i c ,  z inc ,  and molybdenum. The extens ive ly  a l t e red  rocks of the  

d i s t r i c t  cannot be appraised r e a l i s t i c a l l y  a t  presen t ,  bu t  appear t o  b e  

s i g n i f i z a n t  as a leakage ha lo  r e l a t e d  e i t h e r  t o  the known depos i t s  o r ,  

poss ib ly ,  depos i t s  not  y e t  exposed. The extens ive  ja ros i te - l imoni te  



rocks, which c o n s t i t u t e  a gossan, Tuggest strong l each ing  and the 

poss ibi l i ty  that  somewhat more metallifetous racks would be  found a t  and 

below the water table. 
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