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INTRODUCTION 

A study of the s t r a t i g r a p h i c  and s t r u c t u r a l   s e t t i n g  of sediment-hosted 

Columbia was i n i t i a t e d  i n  1979  and continued  through  the 1980  and 1981 
z inc - l ead -ba r i t e   depos i t s  of t he   Ga taga   d i s t r i c t   o f   no r theas t e rn  B r i t i s h  

f i e l d   s e a s o n s  (see MacIntyre,  1980a,  1980b. 1B81a,  1981t1,  1982a,  1982b, 

Gataga d i s t r i c t  was c u r t a i l e d  due t o   b u d g e t   r e s t r a i n t s .  However,  a s h o r t  
1982c;  MacIntyre and  Diakow, 1982).  I n  1982 f u r t h e r  mapping i n  the 

d r i l l   c o r e .  The scope of the  Gataga  project  'has  been  expanded; i t  is 
v i s i t  t o  t h e  D r i f t p i l e  Creek  property was  made i n  l a t e  June  to  emmine 

now a reg iona l   s tudy   of   Pa leozoic   s t ra t i form ma:;sive su lphide   depos i t s  i n  
n o r t h e r n   B r i t i s h  Columbia.  During  1982  geologic  fieldwork was done on 
t m  such  deposi ts ,  Midway (1040/16) and  Windy-Craggy 1,1 1 4 P / 1 2 E ) .  I f  
budge t s   a l l ow  and   su i t ab le   l og i s t i ca l   suppor t  c,3n be ob ta ined ,   add i t iona l  
work will be  done on these   depos i t s   dur ing  1983. 

Pa leozoic  and p a r t i c u l a r l y   L a t e  Devonian c l a s t i c   s e d i m e n t a r y   s t r a t a  i n  
n o r t h e r n   B r i t i s h  Columbia  have  tremendous r e s m r c e   p o t e n t i a l   f o r   z i n c -  
l ead -ba r i t e   depos i t s .   Consequen t ly ,   a l l   a r eas   unde r l a in  by these  rocks 
a r e   p o t e n t i a l l y   i m p o r t a n t  and w i l l  be s tud ied  t3  a s s e s s   t h e   p o t e n t i a l  and 
t o  provide a be t t e r   unde r s t and ing  of t he   geo log ic   s e t t i ng  and genet ic  
con t ro l s   fo r   t h i s   impor t an t   c l a s s  of mineral   deposi ts .  

s u l p h i d e ?   b a r i t e  depos i t s  of the Gataga d i s t r i c t   w i t h  t h e  Midwa.y and 
The purpose  of t h i s   pape r  is t o  compare and c o n t r a s t   s t r a t i f o r m   m a s s i v e  

Windy-Craggy depos i t s .  The paper w i l l  show t h a t  each of the three 
sed imen ta ry?vo lcan ic   t e r r anes   d i scussed   hos t   d i s t i nc t   t ypes  of s t r a t i f o r m  
mass ive   su lph ide?   ba r i t e   depos i t s .  Those of t h e   G a t a g a   d i s t r i c t   a r e  
b a r i t e  r ich,  occur w i t h i n  a l inear   sedimentary  t rough,  and  have .3 very 
minor  pre-ore  volcanic  component. Midway is a s t r a t a b m n d   s i l v e r - r i c h  
massive  pyri te-sphaler i te-galena  deposi t  w i t h i n  t r a n s g r e s s i v e   c l a s t i c  
rocks and platformal   carbonates .  Windy-Cragqy is a th ick   cupr i fe rous  
m a s s i v e   p y r r h o t i t e f p y r i t e   d e p o s i t   t h a t  is r e l a t e d   t o   a . l t e r e d   b a s a l t i c  
volcanic  rocks.  

GATAGA DISTRICT 

The history,   geology,  and minera l   depos i t s  of the Gataga d i s t r i c ~ t  have 
been  discussed i n  p rev ious   repor t s  and papers  (for  example,   VacIntyre,  
1982b) .   Figure 47 shows t h e   s e t t i n g  of the  Gataga d i s t r i c t  w i t h  respec t  
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m i n e r a l   d e p o s i t s  and the   genera l   geology  of   the   d i s t r ic t .  An i d e a l i z e d  
t o   t h e  Selwyn bas in  and  Kechika  "rough  and  Figure 48 shows l o c a t i o n s  of 

s t r a t i g r a p h i c  column is shown  on Figure 49 along  with  those for the 
Midway and Windy-Craggy areas. 

R e c e n t   w r k  by Gordey  (19821, Gordey,  e t  a l .   ( 1982) ,  and Dawson and 
Orchard  (1982)  has  helped t o  r e f i n e   t h e   s t r a t i g r a p h y   o f   t h e   s e l w y n   b a s i n .  
The informal  nomenclature  proposed by these   au thors   has   been   adopted   for  
t h e  Gataga d i s t r i c t .   T h a t  is, a l l  rocks  overlying  Kechika Group and 

wi th   t he  Road River Group. Overlying U t e  Devonian to Miss i ss ippian  
underlying  Middle  to Late Devonian si l iceous c las t ic  rocks are included 

t r a n s g r e s s i v e   ' b l a c k  clastics'  are included  with the Earn Group. I t  
should   be   no ted   tha t  microfossil s t u d i e s  are cont inuing  and hopefu l ly  

=;;;,4;HONOUS 
PALEOZOIC PLATFORM 

=PALEOZOIC BASIN 

i i .. . 

F i g r r e  41. Tectonic subdlv ls lons  o f  the   nor thern   cord1   I l e ra   and  

and  Wlnd/-Cragg, (3 )  deposlts. inset  s h w s   r e s t o r a t i o n  
locat ion  of  t h e   h t a g a   d l s t r l c t  ( 1 ) .  t h e  Midway (2). 

p r l o r   t o  450-kl l o m e t r e   r l g h t   l a t e r a l   d l s p l a c e m n t   a l o n g  
T l n t l n a   a n d   n o r t h e r n  Rocky  Mountaln  Trenches. 
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become ava i l ab le .  Much unce r t a in ty  s t i l l  remains  about  the  exact  ages of 
fu r the r   r e f inemen t  of age   re la t ionships  w i l l  be poss ib l e  when  new da ta  

s t r a t i f o r m   b a r i t e - s u l p h i d e   d e p o s i t s  of t h e   d i s t r i c t ;  most age:; a r e  
i n f e r r e d  by s t r a t i g r a p h i c   p o s i t i o n   r a t h e r  than   pa leonto logica l   da ta .  

LEGEND 

-1gure 48. Gsneral geology and  locat lon o f  s t r a t i f o r m   b a - i t e s u i p h l d e   d e p o s i t s  ot  t h e  
G a t a g a   d i s t r i c t .  
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d i f f e r e n t  s t r a t i g r a p h i c  l eve l s   w i th in   t he   bas ina l  f ac i e s   success ion  of 
As shown on Figure 49, s t r a t i f o r m   b a r i t e - s u l p h i d e  beds  occur a t   s e v e r a l  

t h e   G a t a g a   d i s t r i c t .  The o l d e s t  known d e p o s i t s   a r e   l a t e   M i d d l e   t o   e a r l y  
Late   Ordovic ian   age   as   ind ica ted  by g r a p t o l i t e   a s s e m b l a g e s   c o l l e c t e d  from 
hangingwall   black shales ( i d e n t i f i c a t i o n  by B. Nor fo rd ,   In s t i t u t e  of 
Sedimentary  and  Petroleum Geology, Calga ry ) .   Bo th   ba r r en   ba r i t e   ( fo r  
example,  Aikie-Sika)  and  massive  pyrite  (for  example, Reb) end members 
a r e   p r e s e n t .  
t u r b i d i t e  u n i t  and is loca ted  j u s t  outboard  of the MacDonald platform; 

The former  occurs  immediately  above a qua r t z  wacke 

t h e   l a t t e r   o c c u r s   w i t h i n  an  anomalously  thick  section of black  shales  and 

d e p o s i t s   a r e   o v e r l a i n  by a t ransgress ive   b lack   sha le   un i t .  This u n i t  
c h e r t   t h a t   p r o b a b l y   r e p r e s e n t s  a r e l a t ive ly   deep   wa te r   bas in .  Both 

d iachronous ly   on laps   p la t formal   carbonates   ou ts ide   the   d i s t r ic t .  

S t r a t i fo rm  ba r i t e - su lph ide   depos i t s  of E a r l y  S i lur ian   age   have   recent ly  
been  discovered by Cominco  Ltd. i n  t he   sou the rn   pa r t  of the  Gataga 
d i s t r i c t   ( f o r  example, CT and ERN prospec ts ) .   Fbotwal l   rocks  are shallow 
water   th in-bedded   l imes tones ,   do los tones ,   and   quar tz i tes   tha t   a re   loca l ly  
b recc ia t ed  and mineralized  with  pyrite.   Hangingwall   rocks  include 
c a l c a r e o u s   s i l t s t o n e ,   s h a l e ,  and cher ty   muds tone .   Minera l iza t ion   var ies  
up  sect ion  f rom  predominant ly   pyri te  w i t h  var iable   amounts  of s p h a l e r i t e  
and minor galena to mainly b a r i t e .  lhe s t r a t i g r a p h i c   s u c c e s s i o n  suggests  
mineral izat ion  occurred  during  an  Early  Si lur ian  marine  t ransgression 
t h a t  w a s  terminated by a major   regress ion   in   Middle   S i lur ian  time. This 
r e g r e s s i o n   r e s u l t e d   i n   e r o s i o n  of B r l y   S i l u r i a n  and older   rocks and 
p a r t i a l   f i l l i n g  of the  Kechika  Trough  with  dolomit ic   detr i tus .  The 
s t r a t i g r a p h i c   s e t t i n g  o f   Ea r ly   S i lu r i an   depos i t s  i n  the Gataga d i s t r i c t  

basin  (Morganti ,   1981).  
is  s t r i k i n g l y   s i m i l a r   t o   t h a t  of the Howard's Pass   area  of   the  Selwyn 

d i s t r i c t   o c c u r  w i t h i n  a 180-ki lometre- long  bel t  of b l ack   che r t s ,   che r ty  
The most i m p o r t a n t   s t r a t i f o r m   b a r i t e - s u l p h i d e   d e p o s i t s  of the  Gataga 

m u d s t o n e s ,   a r g i l l i t e s ,  and s i l i c e o u s   s h a l e s  and s i l t s t o n e s  of t h e  Middle 

d e p o s i t s  of t h e   d i s t r i c t   c a n  be f i t t e d   i n t o  a Meggan-type  zoning  model. 
t o  Late Devonian  Gunsteel  'Formation'  of the lower Earn Group. The 

In this model  a cen t r a l ,   ven t   p rox ima l ,   mass ive   py r i t e  zone  with  local  
h igh -g rade   spha le r i t e  and  galena  concentrat ions  grades  outward  into 
massive,   barren  bedded  bar i te .  The D r i f t p i l e  Creek  and  Bear  deposits 
would  be  examples  of  the  massive  pyrite  zone,  the  Cirque, Elf, and MOunt 
Alcock  deposi ts   appear   to  be a t   t h e   t r a n s i t i o n  from  massive p y r i t e   t o  
b a r i t e  and  the Kwadacha, P i e ,  and DPP depos i t s   a re   examples  of the 
r e l a t i v e l y   b a r r e n  bedded b a r i t e   f a c i e s .  Beds  of nodular  and  thinly 

and   Pes ika   p rope r t i e s  may be t h e   d i s t a l   e q u i v a l e n t s  of the   mass ive   pyr i te  
l a m i n a t e d   b a r i t e   a t   t h e   m u g h ,  men, Kwad, Yule, Gnome, Del, Aki, Gin ,  

and  bedded b a r i t e   d e p o s i t s .  

Footwal l   rocks  for   the Late Devonian s t r a t i f o r m   b a r i t e - s u l p h i d e   d e p o s i t s  
o f  the Gataga d i s t r i c t   a r e   t y p i c a l l y   r h y t h m i c a l l y  bedded  black  cherts 

l e s s e r   i n t e r c a l a t e d   t u r b i d i t i c   s i l t s t o n e s .   T h e s e   r o c k s   r e p r e s e n t  a 
( p o r c e l l a n i t e s ) ,   c h e r t y  mudstones  and a r g i l l i t e s ,   s i l i c e o u s   s h a l e s ,  and 

s t a rved   bas in   r eg ime   w i th   pe r iod ic   t u rb id i t e   s ed imen ta t ion .   l h i ckness   o f  
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t h e   f o o t w a l l   u n i t   v a r i e s .  It is  r e l a t i v e l y   t h i n  (10 t o  20 metres) in the  
southern  and e a s t e r n  parts of t h e   d i s t r i c t  where i t  onlaps  slope and 
shelf   carbonates  and  underlies  massive  barren  bedded  barite:   and  laminated 
nodu la r   ba r i t e   occu r rences  (for example,  Kwadacha, Pes ika ,  Del, Gin, Aki, 
Gnome, P i e ,  Yule, Kwad, DPP).  It is r e l a t i v e l y   t h i c k  (100 to 200 me.tres) 
w i th   che r t - r i ch   s ec t ions  where it underl ies   s t ra t i form  massive  badded 
ba r i t e -py r i t e - spha le r i t e -ga lena   depos i t s  (for example,  Elf, F luke ,  
C i rque ,   bun t   A lcock)  a n d   l a m i n a t e d   p y r i t e - s p h a l e r i t e ?   b a r i t e   d e p x i t s  
(for example,  Bear, D r i f t p i l e   C r e e k ) .  
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Figure 49. S t ra t ig raph ic  colurms f o r   t h e  Cetaga d i s t r i c t  ( 1 ) .  t h e  Midray ( 2 ) .  and Windy- 
C r a g 9  (3)  areas. 
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F l y r e  50. General geolog and d r l  I I  hole  locat lons.  Drlftplle Creek  property.  
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Si l i ceous   t o   nons i l i ceous   py r i t i c   b l ack  s i l t y  muds tones ,   a rg i l l i t e s , ,  and 
s h a l e s  form the  immediate  hangingwall   for  the  Late De.vonian ba.ri te- 
su lph ide   depos i t s  of the  Gataga  dis t r ic t .   Calcareous  'nodules '   and 
s e p t a r i a n   c o n c r e t i o n s   a r e  common i n   h a n g i n g w a l l   r o c k s   a t   I l r i f t p i l e  (Creek 
and  the  Bear. Some of the  'nodules '  may be limy  beds t h a t  were  pulled 
apart   dur ing  compact ion.  The sha les   a re   loca l ly   phosphat ic  and c'nerty 
a n d   c o n t a i n   s i l t y   i n t e r b e d s   i n t e r p r e t e d   t o  be d i s t a l   t u r b i d i t e s .  In 
general,  hangingwall  rocks  have a r e l a t ive ly   h igh   c l a i s t i c  component 
compared to   foo twa l l   rocks .  This sugges ts  a  more  open marj.ne environment 
with  higher   sedimentat ion  ra tes   fol lowed  formation of t he   depos i t s .  This 
chanae  coincides   with a major eastward  advancing  Late  Cevonian msrine 

Trough a t   t h i s  time may have  been  der ived  f rom  upl i f ted  faul t   b locks  to  
t ransgress ion .  Much of t h e   c l a s t i c   m a t e r i a l   d e p o s i t e d  i n  the Kechika 

the  west   (Gordey,   1982) .  

D R I W I L E  CREEK 

D r i f t p i l e  Creek was the  only  property i n  the Gataga d i s t r i c t   t h a t  was 
v i s i t e d   d u r i n g  1982. The fol lowing is  a b r i e f  summary o f   t he  work done 

were  completed a t   D r i f t p i l e  Creek.  Approximate  location  of  these  holes 
on this p rope r ty   t o   da t e .  From 1978 t o  1982  a t o t a l  of 54 d r i l l   h o l e s  

r e l a t i v e   t o   t h e   p r o j e c t e d  and known su r face   t r aces  of the mineral ized 
z o n e ( s )   a r e  shown on Figure 50. The Gataga Jo in t   Venture  (Welcome North 
Mines Ltd.,  Chevron  Canada  Limited, G e t t y  Mining Pac i f i "   L imi ted ,  and 
Canter ra  Energy Ltd.)   has now earned a 50 per  c e n t  equ i ty  in the  
D r i f t p i l e   p r o p e r t y ;   P l a c e r  Development  Limited  and  partners m u s t  now 
match  the  expenditures  of  the  Gataga  Joint  Venture i n  o r d e r   t o   r e t a i n  
t h e i r  50 p e r   c e n t   i n t e r e s t .  

D r i l l i n g   d u r i n g  1982 (ho le s  51 t o  54) f u r t h e r   d e l i n e a t e 3  a northwest- 

e a s t  of the camp. This zone c o n s i s t s  of l amina ted   py r i t e  wi th   loca l  
trending  moderately  east-dipping  zone  located  approximately 300 metres 

high-grade  concentrat ions of galena and sphalerite;  minor  amounts of 
b a r i t e   o c c u r   a t   t h e   b a s e  of t h e   p y r i t i c   i n t e r v a l .  The sec t ion   appea r s   t o  
be u p r i g h t  w i t h  s t r a t i g r a p h i c  tops t o  the northeast. The mineral ized 
zone is  under la in  by t y p i c a l  banded cher ty   b lack  mudstones;  and s i l i c e o u s  

black s i l t y  s h a l e s   t h a t   t h e   a u t h o r   i n c l u d e s  w i t h  t he   t r ansq res s ive   sha l e s  
a r g i l l i t e  of the  Gunsteel  Formation (uD%) and is ove r l a in  by nodular 

of   the  Besa River  Formation (uDMB).  Both  hangingwall  and  footwall  rocks 
a r e   c o n s i d e r e d   p a r t  of the  Late  Devonian  to  Mississippian Earn Group 

the Selwyn basin.  
(b l ack   c l a s t i c s )   fo l lowing   t he   r ecen t   u sage  of Gordey, et a l .   ( 1982)  for  

a l i z e d   z o n e s   d i f f i c u l t ,   e v e n   w i t h   r e l a t i v e l y   c l o s e   s p a c e d   d r i l l i n g .  High- 
Sparse  outcrop and s t ruc tu ra l   complex i ty   have  made d e l i n e a t i o n  of  miner- 

ang le  normal  and r e v e r s e   ( t h r u s t  ? )  f a u l t s   a r e  common and typ ica l ly  
o f f s e t   e a r l i e r   d e v e l o p e d   f o l d   s t r u c t u r e s .  

i n t e r s e c t e d   i n   d r i l l i n g   a t   D r i f t p i l e  Creek is p a r t   o f  one l a t e r a l l y  
It is st i l l  uncertain  whether the b a r i t i c  and p y r i t i c   m i n e r a l i z a t i o n  
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s e v e r a l   d i s c r e t e  mineral ized zones a t  d i f f e r e n t  s t r a t i q r a p h i c   l t t v e l s .  
continuous  zone repea ted  by f o l d i n g  and f a u l t i n g  or a c t u a l l y   r e p r e s e n t s  

R e c e n t   b i o s t r a t i g r a p h i c  work  by  Dawson and  Orchard  (1982:' i n   t h e  Selwyn 
basin  indicates   both  Middle   Devonian  and  Mississ ippian  (Osagean)   bar i te  
d e p o s i t s  are p r e s e n t ,   i n   a d d i t i o n   t o   t h e   r e g i o n a l l y   e x t e n s i v e  Late 
Devonian  (Frasnian)   bar i te-sulphide  horizon.   Apparent ly  a s i m i l a r  time- 
s t r a t i g r a p h i c   d i s t r i b u t i o n  of d e p o s i t s   a p p l i e s   t o   t h e   ' 3 r i f t p i l e  Creek 
area (Gordey,  1982). . However, t he  main sulphide-bearing  zone a t  Ilrift- 
p i l e  Creek is  most l i k e l y   F r a s n i a n   i n  age, as i t  i s  i n  bcNth the   sou the rn  
p a r t   o f   t h e   G a t a g a   d i s t r i c t   a n d  MacMillan  Pass area of Selwyn  basin..  Thin 
l imes tone   i n t e rbeds   co l l ec t ed  from d r i l l  core a t   D r i f t p i l e  Creek art? cur -  
r e n t l y   b e i n g   d i s s o l v e d   i n   t h e   h o p e s  of f inding  conodonts .  

MIDWAY 

The Midway depos i t ,  which is s i t u a t e d   w i t h i n  a broad  synclinorium  of 
Pa leozoic   p la t formal   carbonates   and   t ransgress ive  c l a s t i c  rocks immedi- 
a t e l y   e a s t  of t h e  Cassiar ba tho l i th   (F ig .   47 ) ,  was descrj .bed i n  a 
p rev ious   r epor t   (MacIn ty re ,   1982~) .   Reg iona l   s t r a t ig raphy  i s  summarized 
on f i g u r e  49,  and Figure 51 shows the  geology i n   t h e   v i c i n i t y  of t he  
d e p o s i t  . 
Six  diamond-dri l l   holes  were completed on t h e  Midway p r o p e r t y   a t  t 'he  end 
o f   t h e  1981 exp lo ra t ion  program w i t h  encouraging r e s u l t s  (Remyional 
Resources MWS Release,  November 23, 1981);   15  additional  holes:  were 
d r i l l e d   i n  1982 (Fig.  52) .  lhe work done t o   d a t e ,  which  has  been  funded 
by Amax of Canada Limited  and  Procan  Exploration Company with  Regional 
Resources  Ltd. as opera tor ,   has   def ined  a high-grade  stratabound  zinc- 
l e a d - s i l v e r   d e p o s i t   i n  a block of moderately  northeast-6,ipping  Cevonian 
t o  Mississippian carbonate  and c las t ic  r o c k s   t h a t  are p a r t  of t h e  McDame 
limestone  and  lower  Sylvester Group respec t ive ly   (Gabr ie l se ,   1969) .  
Mass ive   s t r a t abound   py r i t e - spha le r i t e -ga lena   mine ra l i za t ion   occu r s   a t  
t h r e e   d i f f e r e n t   s t r a t i g r a p h i c   l e v e l s   ( F i g .   5 2 ) .   T h e s e   l e v e l s   a r e  
r e f e r r e d  to as t h e  Lower, Discovery,  and Upper zones  (Stol lery  and 
Sellmer, 1982) .  Seve ra l  p y r i t i c  cher ty  exha l i t e  beds also occur i n  a 50- 
metre s e c t i o n  of a r g i l l i t e s   o v e r l y i n g   t h e  Upper zone. 

The Lawer zone  occurs a t   t h e   t o p  of the  Middle  Devonian I4cDame lim,estone 

which is  l o c a l l y   s t r o n g l y   b r e c c i a t e d .   D r i l l i n g   i n d i c a t e s :   t h a t   t h e  Lower 
(Gabr ie l se ,   1969) .  lhe mine ra l i za t ion  i s  mainly  hosted by t h e   l i m s t o n e  

zone i s  present i n  a s u b c i r c u l a r  area roughly 500 metres by 700 metres i n  
s i z e .  The zone,  which is loca l ly   ve ry   h igh   g rade ,   va r i e s   i n   t h i ckness  

diamond-dri l l   hole  82-7 (Fig.   52) .  Combined lead+zinc  qrades  vary  from 
from less than 1 metre i n  i t s  per iphery   to   approximate ly  23 metres i n  

Cross  N e w s  Letter, No. 188, September 30, 1982).  The b t ? s t   i n t e r s e c t i o n  
2.65 t o  32.75 per cent with 42 t o  630  grams s i l v e r  per t o n n e  (George 

t o   d a t e  is i n   d r i l l   h o l e  82-8 with 2.6 metres averaging 21.61 pe r   cen t  

zone i s  es t imated  to con ta in  2.7 mil l ion tonnes  with 370 to 435 grams 
l ead ,  14.89 per c e n t  z i n c ,  and 1 371 grams s i lve r   pe r   t onne .  The lower 

s i l v e r   p e r   t o n n e   a n d  18 t o  20 per cen t  combined  zinc-lead (J. S t o l l e r y ,  
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personal  communication). I n  add i t ion ,  a weighted  average  of  composite 
resu l t s  from e i g h t   d r i l l   i n t e r s e c t i o n s   c o n t a i n s  0.65  grams gold  per 

bismuth  (George  Cross N e w s  Letter, November 25, 1982).  
tonne, 0.35 per cen t  copper, 0.14 per c e n t  t i t an ium,  and 0.11 per c e n t  

The Lower  zone i s  o v e r l a i n  by an upward coarsening  clastic sedimentary 

by increasing frequency, t h i c k n e s s ,  and   coa r seness   o f   l i t h i c  wacke and 
c y c l e   t h a t  i s  approximately  100 metres th i ck .  lbe cyc le  is c h a r a c t e r i z e d  

pebble   conglomera te   in te rca la t ions   up   sec t ion .  

The Discovery  zone  occurs  approximately 100 metres up s e c t i o n  from t h e  
Lower zone. The zone is well exposed by sur face   t renching   (F ig .  5 2 ) .  
The mine ra l i za t ion  on s u r f a c e   c o n s i s t s  of r e l a t ive ly   coa r se -g ra ined  
py r i t e   i n t e rg rown   wi th   l i gh t - co lou red   spha le r i t e   and  lesser galena.  me 
zone was i n t e r s e c t e d  i n  a l l  1981 d r i l l   h o l e s .   G r a d e s  from  1981 d r i l l  
holes  ranged from  4.24 t o  9.29 per cent   l ead-z inc   wi th  62 t o  99  grams 
s i l v e r  per tonne. The Discovery  zone  apparently  grades  eastward  into 
p y r i t i c  and b a r i t i c   c h e r t y   e x h a l i t e .  

SEE FIGURE 51 FOR LEGEND SYMBOLS 

U Z  = UPPER ZONE 
DL  DISCOVERY  LONE  DDH h 
L Z  = LOWER  ZONE 

ROAO . . . . . . . . . . . . . . . . . - -  " 

UE = UPPER PYRlTlC EXHALITE TRENCH . . . . . . . . . . . . . . . . . . -  

. . . . . . . . . . . . . . . . . . . .  
LZ 
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Figure 52. Geology and d r i l l  hole  locatlons, Midway prcperty.  

158 



me Upper zone  occurs 10 t o  20 metres above the  Discovery  zone.  This 
zone,  which was i n t e r s e c t e d   i n  1981 d r i l l   h o l e s ,  i s  r e l a t i . v e l y   t h i n  ( less 
than  3 metres) and  lower  grade  than  the  Discovery  and Lower zones. 

s i l t y   b l a c k   s h a l e s   a t   t h e   b a s e  of the  second  coarsening-upward  sedi- 
Host rocks  for  the  Discovery  and Upper zones are c h e r t y   a r g i l l i t e s  and 

mentary  cycle.  

Mapping i n   t h e   v i c i n i t y  of  the  Discovery  showing  suggests  that   there are 
s e v e r a l   p a l e - c o l o u r e d   p y r i t i c   c h e r t y   e x h a l i t e   b e d s   i n   r o c k s   o v e r 1 y i n . g   t h e  
Upper  zone (UE, fig.  52).  South  of  the Midway depos i t   $cher ty   exh .a l i te  
beds  occur a t  a similar s t r a t i g r a p h i c   p o s i t i o n   ( F i g .   5 1 ) ;   t h e s e  may 
r e p r e s e n t   t h e   d i s t a l   e q u i v a l e n t s  of the  massive  sulphide  zones. A 
primary  object ive  of   our  1982 work on the  Midway proper ty  was t o  col lect  
samples   f rom  the   exhal i te   hor izons   for   l i thogeochemica l   s tud ies .   S i l t  

depos i t ,   and  a l l  l imes tone   and   cher t   un i t s  were sampled  for  nucro- 
samples were also c o l l e c t e d  from d r a i n a g e s   i n   t h e   v i . c i n i t y  of the 

p a l e o n t o l o g i c a l  work. Resu l t s  w i l l  be  published when a n a l y t i c a l  work is 
completed. 

McDame l imestone by a h igh-angle   fau l t  of unknown displacement .  The 
The panel   of   rocks  containing  the Midway d e p o s i t s  is separa ted  from 

p rogres s ive  downward displacement  toward  the  east   of the Lower zone 
sugges t s  similar h igh-angle   fau l t s   might  also be  present:  between d r i l l  

p lane  shear   zones were a l s o   n o t e d   i n   t r e n c h e s  on t he   p rope r ty   sugges t ing  
ho le s  2 and 7, ho les  9 and 18, and ho le s  1 8  and 17. Sam,? small bedding 

t h a t  some h o r i z o n t a l  movement has   a l so   t aken  place. 

The Midway is a new, economica l ly   s ign i f i can t  example of! a s t ra tabound 
ca rbona te -hos t ed   mass ive   su lph ide   depos i t   t ha t  is o v e r l a i n  by c las t ic  
rocks   con ta in ing  sedimentary-exhalative-type minera l iza t ion .  
d e p o s i t s  of  Selwyn bas in  and t h e   G a t a g a   d i s t r i c t ,  which  probably  formed 

U n l i k e  

i n   s t a r v e d   t h i r d   o r d e r   b a s i n s ,   t h e  Midway appears  to  have  formed  in a 
r e l a t ive ly   sha l low  wa te r   p l a t fo rma l   env i ronmen t .   Su lph ide   p rec ip i t a t ion  
occur red   du r ing   sho r t - l i ved   ep i sodes   o f   f i ne  c las t ic  sedimentat ion that  
preceded  per iods of coa r se  c las t ic  depos i t ion .  The s ign i f i can , ze  to 
e x p l o r a t i o n  i s  t h a t  a s tarved  basin  environment  is n o t   n e c e s s a r y   t o  form 

where d e p o s i t s  of t h i s  type are formed is t h e   l o c a t i o n  of hydrothermal 
t h i s  type  of   deposi t .  Probably the  most c r i t i c a l   f a c t o r  i n  determining 

v e n t s ,  n o t  host   rock  composition or sedimentary  environme.?t. Such vents  
a re   p robab ly   l oca t ed   a long   ma jo r   c rus t a l   b reaks ;   t hese  can occur  anywhere 
i n  a basin,   s lope,  or platform  environment.  In t he  case of t he  Lower 
zone a t  Midway, k a r s t i n g   o f  the WDame l imestone pr:.or t o  cl.astic 
sedimentat ion  might   have  es tabl ished  favourable  sites f o r  l a te r  SUI-phide 
depos i t ion .  

WINDY-CRAGGY 

The Windy-Craggy s t r a t i f o r m   c u p r i f e r o u s  massive sulph!.de d e p o s i t  is 
located  in   the  Alsek-Tatshenshini   River  area of t he   S t .  E l i a s  Mountains 
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rugged  and  inaccessible   nature   of  this area and  extensive ice f i e l d s  and 
i n   t h e  extreme nor thwes tern   corner  of B r i t i s h  Columbia.  Because of t h e  

g l a c i e r s ,  l i t t l e  is known about  the s t r a t i g r a p h i c   r e l a t i o n s h i p s  and 
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   t h e   v a r i o u s   g e o l o g i c   u n i t s   p r e s e n t .  

Regional  1:250 000 scale mapping by Campbell  and Dodds (1979)  defined 
several   major   faul t -bounded  geologic   terranes  within  the  Alexander  

b e l t  of volcanic  and  sedimentary  rocks  (Fig.  53) assumed to be   la rge ly  
a l lochthon  (F ig .   47) .  The Windy-Craggy depos i t   occu r s   w i th in  a broad 

Pa leozo ic  i n  age.  These  rocks are in t ruded  by i n t e r m e d i a t e   t o   f e l s i c  
p lu ton ic   rocks   o f  Late P a l e o z o i c   t o   T e r t i a r y   a g e   ( u n i t  MTg, Fig. 5 3 ) .  

I ie 
I 138.00. 

114P/llW. 12.13.14W 

F l y r e  5 5  G e n e r a l   g e o l o g ,   i n   t h e   v l c l n i t y  o t  t h e  Wln&f-Craggy  deposit. 
Ps = predominantly  sedimentary  rocks; Pv = predominantly 
m a t l c  to in termediate   volcanic   rocks;  DL = Devonian 
limestone; MTg = Mesozoic to T e r t i a r y   i n t r u s i v e  rocks; 
TS = T e r t i a r y   c l a s t i c  rocks; 1 = Wln&f<raggy  deposit; 
2 = Mus sharing;  3 = Tats  sharlng. 
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a l l y   c a l l e d   t h e  Kaskawulsh moup  (Campbell and  Wdds, 19?9) ,  c o n s i s t s  of 
rn t h e  Windy-Craggy area t h e   s t r a t i g r a p h i c  succession,  which is  inform- 

a lower   un i t  of i n t e rmed ia t e   t o   maf i c   l oca l ly   p i l l owed   f lows  and vo lcan ic  
b recc ia   o f  unknown a g e   ( u n i t  Pv, Fig. 53 ) .  It is  appa ren t ly   ove r l a in  by 
in t e rca l a t ed   ca l ca reous   and   nonca lca reous   ca rbonaceous   s i l t s tones ,  
g reywackes ,   ca rbona te s ,   and   andes i t i c   t o   dac i t i c   t u f f s   and   f l ows   (un i t  

h a s   r e c e n t l y   i d e n t i f i e d   f o u r  Upper Triassic (Norian)  and  one  Devonian 

occur s  a t  t h e   b a s e   o f   t h i s   u n i t  and i n   t h e  immediate  hangingwall 'of t h e  
conodont  fauna from a thin  l imestone  debris   f low  bed  that   presumably 

Windy-Craggy depos i t .  The  Devonian fauna is  i n t e r p r e t e d  to be  from 
Devonian  limestone c las ts  i n   t h e   d e b r i s   f l o w .  A l imes tone   un i t  is 
p r e s e n t   n o r t h e a s t  of  Windy-Craggy  and con ta ins  Devonian  macrofossils 
( u n i t  D ~ ,  Fig. 5 3 ) .  

a t  o r   nea r   t he  c o n t a c t  between an   a l t e r ed   p i l l ow b a s a l t   u n i t  and over- 
The Windy-Craggy d e p o s i t  and the  Alsek (Ta t s )  and Mus showings a l l  occur  

l y i n g   i n t e r b e d d e d   t u f f   a n d   c a l c a r e o u s   s i l t s t o n e   u n i t s   ( F i g s .  49 an'3 53 ) .  
The mafic volcanic   rocks  appear  t o  form the  core   of  a major antif ,orm  of 
unknown complexity and a t t i t u d e .  

p s  1 Fig.  53). Mike Orchard  (Geological  Survey  of  Canada,  Vancouver) 

HISTORY 

br idge   Limi ted   whi le   do ing  ae r i a l  reconnaissance of   the area. A follow- 
The Windy-Craggy gossan was f i rs t  noted by J. J. MzDougall of Falcon- 

up   g round   su rvey   i n   1958   r e su l t ed   i n   d i scove ry  of t h e  Windy-Craggy 
showing. lhe discovery  showing is e s s e n t i a l l y  a narrow  gossan  along  the 
southern  headwall   of a c i rque   g l ac i e r .   Packsack   d r i l l f i ng   i n  1960 (1 1 
h o l e s   t o t a l l i n g  240 metres) by Ventures  Ltd. ( l a t e r  abscrbed by F,slcon- 
b r idge   L imi t ed )   i n t e r sec t ed  a massive  sulphide body beneath the s u r f a c e  
gossan. lhree d i a m o n d - d r i l l   h o l e s   t o t a l l i n g  410 metres were completed i n  
1965  (65-1, 2, 3; Fig. 54) ,   and  an  addi t ional  10 h o l e s   t o t a l l i n g  2 250 
metres were d r i l l e d   i n  1981. 

In 1982 hole 1981-9 was extended  and two new holes (1 1 and 121 were 
completed  for  a t o t a l  of 1 364 metres of d r i l l i n g .   T h i s  work was 
f inanced  by  Geddes  Resources  Limited  through a d r i l l i n g   f u n d ;  work on t h e  
p r o p e r t y  was managed by Falconbridge  Limited. By spending $ 1  500 000 i n  

u n d i v i d e d   i n t e r e s t   i n   t h e  Windy-Craggy proper ty .  
1981 and 1982, Geddes Wsources  Limited  has now earned a 49 per c e n t  

DEPOSIT GEOLOGY 

D r i l l i n g   t o   d a t e  on t h e  Windy-Craggy proper ty   has   def ined  a concordant,  
Surface  geology  and d r i l l   h o l e   l o c a t i o n s  are shown on Figure 54. 

su lph ide  body over  1 000 metres long  and  averaging  approximate1.y  100 
t abu la r ,   s t eep ly   no r theas t -d ipp ing  pyrrhotite-chalcopyrite+pyrite massive 

metres i n   t h i c k n e s s .  mere are unknown e x t e n s i o n s   a l o n g   s t r i k e  an'3 down 
d ip .   mpper   g rades  are va r i ab le ,   r ang ing  from less than 'I per cen t   up  to 
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d r i l l - i n d i c a t e d  r e se rves  of  the best grade p a r t  of the  massive  sulphide 
1 4  per c e n t  i n  narrow  high-grade supergene enriched i n t e r s e c t i o n s .  The 

zone are reported to be over 85 mil l ion  tonnes  averaging 3.04 per   cen t  
copper and 0.03 per c e n t   c o b a l t   w i t h i n  an overa l l   in fer red   tonnage   for  
t h e   d e p o s i t  of 300 mil l ion  tonnes  averaging 1.52 per cent   copper  and 0.08 
p e r  c e n t  cobalt   (Northern  Miner,   January 13,  1983). 

(1 

F i g r e  54. Geology and drll I hole locations, Wlndy-Craggy d e w s i t .  
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The most n o r t h e r l y   d r i l l   h o l e ,  82-12, i n t e r s e c t e d  a predominantly  massive 
p y r i t e  zone  from 24 to 187 metres  that   averaged 1.78 Eer cent  copper 

o f   t h i s   i n t e r sec t ion   a l so   ave raged  0.58 per   cent   z inc,  '79 grams s i l v e r  
( inc ludes  53 metres   averaging 3.09 per cen t   coppe r ) .  Ihe top  12.5  metres 

per   tonne,  and 1.34 grams gold per tonne, and the bott.om 38.7 metres 

gold per tonne.  Concentrations of z inc ,  s i l v e r ,  and gold  appear   to  
averaged  1.75 per cent  zinc,   16.25 grams s i l v e r  per tonne, and  0.47  grams 

p y r i t e .   P y r i t i c   s e c t i o n s   a l s o   t e n d  t o  be coarser  and  more g ranu la r   i n  
i n c r e a s e  toward  the  northern  end of the   depos i t  which iis predominantly 

p y r r h o t i t e   s e c t i o n s   a r e   g e n e r a l l y  much f iner   g ra ined .   S t i lpnomelane  is a 
t e x t u r e  and  framboidal  texture is l o c a l l y  well developed.  Massive 

common accessory  mineral  i n  the massive  sulphide  zone,  which is a l s o  

occur i n  a r g i l l i t e s  and c h e r t s  of the  immediate  hangingwall and footwal l  
l oca l ly   magne t i t e   r i ch .   Py r i t e  and pyrrhot i te   bands artd laminae  a lso 

of   the   depos i t .   Smal l - sca le   fo ld   s t ruc tures   a re  common i n  t he  banded  and 
laminated  sulphide  zones.  

One of the  most i n t e r e s t i n g   f e a t u r e s  of the Windy-Craggy d e p o s i t  IS the 

Drill i n t e r s e c t i o n s   a v e r a g i n g   g r e a t e r  than 0.1 per   c ' en t   coba l t   a re  
r e l a t ive ly   h igh   concen t r a t ion  of coba l t  i n  mass ive   pyr rhot i te   sec t ions .  

common;  some s h o r t   i n t e r s e c t i o n s   c o n t a i n   g r e a t e r   t h a n  0.2 per   cent . .   Ihe 
b e s t   c o b a l t   g r a d e s  do n o t   n e c e s s a r i l y   c o r r e l a t e   w i t h   b e t t e r   c o p p e r   g r a d e s  
a s  shown on Figure 56. Falconbridge  Limited  research  indicates  no 
d i s c r e e t   c o b a l t   m i n e r a l  is p resen t ;   coba l t  is probably i n  s o l i d   s o l u t i o n  
w i t h  p y r r h o t i t e  and i t  might  not be  economically  recoveralle.  

In   addi t ion   to   mass ive   su lphide   minera l iza t ion ,  a h r g e  zone with 
s t r i n g e r s  and d isseminat ions   o f   pyr rhot i te  and cha lcopyr i te   occurs  i n  
c h l o r i t e - e p i d o t e - s e r p e n t i n e   a l t e r e d   p i l l o w   b a s a l t s ,   c h e r t s , .   a n d  
a r g i l l i t e s   a l o n g   b o t h   s i d e s  of  the  massive  sulphide body. The grade  of 
s t r inger   minera l iza t ion   genera l ly   averages  0.5 t o  0.8 1-r cen t  ,copper 
w i t h   s p o r a d i c   i n t e r s e c t i o n s  up to  2 per cent .  The s t r i n g e r  zone  has 
r e l a t i v e l y  low c o b a l t ,   s i l v e r ,  and  gold  concentrations.  A major 
no r thwes t - t r end ing   f au l t  zone sepa ra t e s  s t r i n g e r  minera l iza t ion  from 
r e l a t i v e l y   u n a l t e r e d   i n t e r b e d d e d   c a l c a r e o u s   s i l t s t o n e s  and  a n d e s i t i c  t o  
d a c i t i c   t u f f s  and flows  southwest  of  the  deposit. A s i m i l a r   f a u l t  may 
a l s o  be p re sen t  below  the  glacier  on the   nor theas t   s ide  of the  depo:;i t   as 
ind ica ted  by d r i l l   h o l e  81-10 (F ig .  56). 

The mixed ca l ca reous   s i l t s tone -vo lcan ic   un i t  is probat i ly   the   s t ra t i -  
graphic   hangingwall  of the   depos i t .   I f   a l te red   maf ic  Elillowed b , a sa l t s  
and   che r t s   w i th   s t r i nge r   su lph ide   mine ra l i za t ion   compr i se   t he   s t r a t i -  
g raphic   foo twal l  of the  deposi t ,   as   they  normally  do in t h e   c l a s s i c  
volcanogenic  massive  sulphide model (F ig .   55) .  t hen  d r i l l   h o l e   d a t a   c o u l d  
be   i n t e rp re t ed  as shown on Figure 56. In t h i s   s t r u c t u r a l  model the 
massive  sulphide body is  f o l d e d   i n t o   t i g h t   a n t i c l i n e - s y n c l i n e   p a i r ) ;   t h a t  
a r e   s e p a r a t e d  and d isp laced  by high-angle  normal  and  reve.rse  faults.  In  
t h i s  model the  best   copper   grades  are   located a t  the  bast! of the  umssive 
su lphide  body  and i n  the  immediate  footwall .  
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F l y r e  55. %de l   f o r  Cyprus-type  voicanogenlc 
massive sulphide  deposits. b d i f i e d  
a f t e r  Hutchinson a n d  Searie (1971). 

INTERPRETIVE DRILL SECTION - WINDY-CRAGGY DEPOSIT 

SW NE 

F i p r e  56. i n t e r p r e t i v e   d r l  i i  section,  Wind/.Crag(y  deposit. 
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The mass ive   su lph ide   i n t e r sec t ion  i n  d r i l l   h o l e  82-12 is  bounded by 
in te rbedded   vo lcanic   rocks   and   ca lcareous   s i l t s tones   bu t   does   no t   appear  
t o  come to su r face .   Pe rhaps   t he   i n t e r sec t ion  is near   the  top  of  a t i g h t  
a n t i c l i n a l   f o l d   s t r u c t u r e .  As descr ibed   prev ious ly ,   z inc   concent ra t ion  
increases  toward  the  'upper '   and  ' lower '   contacts  of  the  massive  sulphide 
i n t e r s e c t i o n   s u g g e s t i n g   t h a t   z i n c  is e n r i c h e d   a t   t h e   t o p  of the  massive 
su lph ide  body. This  apparent  zonation  of  copper and z inc   wi th in   the  
Windy-Craggy d e p o s i t  is cons is ten t   wi th   tha t   normal ly   observed  i n  
volcanogenic   massive  sulphide  deposi ts .  

GEIIETIC MODELS 

The th ree   s t r a t i fo rm  mass ive   su lph ide   depos i t   t ypes   desc r ibed  i n  t h i s  
paper   have  one  unifying  character is t ic ;   they  a l l   formed by in situ 
p r e c i p i t a t i o n  of   su lphides   on to   the   seaf loor ,   p robably  i n  c lose   p roximi ty  
t o  a hydrothermal  vent.   lbese  vents  or  fumaroles were p r o b a b l y   s i t u a t e d  
a long   major   fau l t s   tha t   p rovided   escape   condui t s   for   hea ted   format iona l  
waters   and   convec t ive ly   c i rcu la t ing   seawater .   Di f fe rences  i n  the  metal  
content  and  mineralogy  of  the  deposits  (Table 1 )  can   bes t  be explained i n  
terms of d i f fe ren t   t empera ture   reg imes   as   sugges ted  by Finlow-Bates 
(1980). Large (1977), and o the r s  ( F i g .  58) .  

S t r a t i f o r m   d e p o s i t s  of t h e   G a t a g a   d i s t r i c t  formed i n  a f a u l t - c o n t r o l l e d  
cont inenta l   marg in   sed imentary   bas in  or t rough  and  typical ly   have low 
t e m p e r a t u r e   c h a r a c t e r i s t i c s .   ? h a t  is, they  have  very low copper   content ,  
h igh   ba r i t e   con ten t ,  and no apprec iab le   foo twa l l   a l t e r a t ion   o r   ve in ing .  
The lack of coeva l   vo lcan ic   rocks   i n   t he   s ec t ion  is c o n s i s t e n t   w i t h   t h e  
i n f e r r e d  low temperature  environment of formation. I n  c o n t r a s t ,   t h e  
Midway d e p o s i t s  formed  bo th   wi th in   p la t formal   carbonates   and   in   over ly ing  
t r a n s g r e s s i v e   c l a s t i c   r o c k s .   P e r i o d i c  movements along  nearby  growth 
f a u l t s   p r o b a b l y   t r i g g e r e d   e p i s o d e s  o f   c o a r s e   c l a s t i c   s e d i m e n t a t i o n   t h a t  
produced t h e  coarsening upward sedimentary  cycles.   Unlike  deposits  of 
t h e  Gataga d i s t r i c t ,  which  grade  outward  into  thin  laminae of nodular 
b a r i t e ,   d i s t a l   e q u i v a l e n t s   o f   t h e  Midway s t ra t i form  mass ive   su lphide   zone  
a r e  mainly p y r i t i c   c h e r t y   e x h a l i t e s   t h a t  have  only  minor  amounts  of 
i n t e r c a l a t e d   b a r i t e .   M i n e r a l i z a t i o n  on t he  Midway proper ty  i s  predom- 
i n a n t l y   m a s s i v e ,   l o c a l l y   r e c r y s t a l l i z e d   p y r i t e .  It has   local   h igh-grade 
z inc ,   l ead ,   and   s i l ve r   va lues   bu t  low b a r i t e   c o n c e n t r a t i o n s .  The Lower 
zone   a l so   conta ins   copper   wi th  some gold, titanium, and bismuth. These 
fea tu res   sugges t   t he  Midway depos i t s  formed a t   s l i g h t l y   h i g h e r  temper- 
tures ,   and/or   c loser   to   hydro thermal   vents   than   depos i t s   o f   the   Gataga  
d i s t r i c t .  A major   high-angle   faul t   occurs  on t he  west s i d e  of Midway 
d e p o s i t ;   t h i s   f a u l t   m i g h t   h a v e  been  the main condui t   for   hydrothermal  
f lu ids ,   no t   on ly   fo r  Midway b u t   a l s o   f o r   t h e   n e a r b y   S i l v e r t i p   s i l v e r -  
lead-zinc  vein  system. 

t h e   G a t a g a   d i s t r i c t  and the  Midway depos i t ,   the   cupr i fe rous   mass ive  
In c o n t r a s t   t o   t h e   s t r a t i f o r m   p y r i t e   s p h a l e r i t e   b a r i t e t g a l e n a   d e p o s i t s  of 

s u l p h i d e   d e p o s i t   a t  Windy-Craggy is  much like  the  Cyprus-type  volcano- 
genic   massive  sulphide  deposi ts .   Cyprus  deposi ts   occur   in  a sequence 
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of a l t e r e d   p i l l o w   b a s a l t s  of o p h i o l i t i c   a f f i n i t y   ( H u t c h i n s o n  and S?a r l e ,  
1971).   Typically  they  have a well-developed  underlying  stringer  and 
disseminated  sulphide  zone. The mass ive   cupr i fe rous   pyr i te  body is 

A l l  t h e s e   f e a t u r e s  are p r e s e n t   a t  Windy-Craggy. 
o v e r l a i n  by unaltered  volcanic  and  pelagic  sedimentary  rocks  (Fig.   55).  

The  Cyprus depos i t s   occu r   a t   t he   con tac t  of t he   subc i r cu la r  ‘Iroodos 

dyke swarm, and   upper   a l te red   p i l low  basa l t s .  me complex is  b e l i e v e d   t o  
Igneous Complex which c o n s i s t s  of an u l t ramaf ic   base ,  a xjheeted gabbroic  

have  formed a t  a s p r e a d i n g   r i f t   s y s t e m   w i t h i n   c o n t i n e n t a l   c r u s t ”  The 
Windy-Craggy depos i t   and   o ther   nearby   s t ra t i form  miss ive   su lphide  
occurrences of unknown s i g n i f i c a n c e   a l s o   o c c u r   a t   t h e   c o n t a c t  of a 
s u b c i r c u l a r  mass of mafic volcanic   rocks  (Fig.  53) and t h i s  mass may have 
a n   o p h i o l i t i c   c o r e   s i m i l a r   t o   t h a t  of the  Troodos  Igneous Cnmplex. 
Therefore  a similar  environment of formation  might  apply  to  the Windy- 
Craggy a r e a ,   t h a t  i s ,  a s p r e a d i n g   r i f t  sys tem  wi th in   cont inenta l   c rus t ,  
perhaps i n  a back a r c   b a s i n   s e t t i n g   s i m i l a r   t o   t h a t  of  the  present  day 
Japanese  Islands or ca l f  of Cal i forn ia   (F ig .  5 7 ) .  The a n d e s i t i c   t o  
d a c i t i c   t u f f a c e o u s   r o c k s   i n t e r c a l a t e d   w i t h   s e d i m e n t a r y   s t r a t a   o v e r l y i n g  
t h e  windy-Craggy d e p o s i t  may, i n  fac t ,   represent   fa l lou t :  from an   ac t ive  
v o l c a n i c   a r c   t h a t  was loca ted  West of the  basin.  ‘These  ide,3s  are 
specu la t ive  and r equ i r e   add i t iona l   r eg iona l  mapping to s u b s t a n t i a t e .  

HYPOTHETICAL  EVOLUTION OF THE  WINDY - CRAGGY  DEPOSIT 

SPREADING CENTRE 

COMPRESSION 

Figure  57. Hypothet ica l   evolut lon of t h e w l n d y a r a g g y   c e p o s i t .  
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F i y r e  58. Log total   sulphur-temperature  and  log  oxfgen 
fugacity- temperature  dl   agraff i  and stab1 I i t y  
f i e l d s  of phases c o m n   t o   e x h a i a t i v e  deposits. 
Hypothet ica l  f l e i &  o f   f o r m t i o n   f o r   d e p o s i t s  

Winq<ragg /  deposits a r e  a l s o  shwn. 
o f   t h e  Gataga d i s t r i c t  and t h e  Midway  and 
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The high  copper  and  anomalous  cobalt  content  of  the Windy-Craggy o r e  is 
c o n s i s t e n t   w i t h  a  model  of convective downward c i r c u l a t i o n  of seawater 
and  leaching of metals from a maf ic   to   u l t ramaf ic   vo1ca :n ic   p i le  i n  t he  
manner  described by Spooner (1980)  for   formation  of   the  Cyprus  deposi ts .  
Although Windy-Craggy has  almost a l l  the   f ea tu re s  of t h s e  Cyprus  nodel, 

h a s   i n f e r r e d   r e s e r v e s  on the   o rder  of 300 million  tonnes,  which i:3 much 
there is one  very  important  difference -- s i ze .   Ihe  Windy-Craggy d e p o s i t  

The discovery of a Cyprus-type  deposit of t h i s   s i z e  and grade in t h i s  
l a rge r   t han  the l a r g e s t   o f   t h e  known Cyprus d e p o s i t s  ( 1 5  mil l ion   tonnes) .  

re la t ive ly   unexplored   a rea   sugges ts   tha t   vo lcanic-sedimentary   rocks  of 
the  Alexander  terrane  have a very  high  resource  ptent i (n1.  I n  v:iew of 

mafic   volcanic   rocks and overlying  unaltered  volcanic-sedimentary  rocks 
t h e   d e p o s i t  model presented i n  th i s   paper ,   the   contac t   be tween  a l te red  

would  be a pr ime  explorat ion  target .  The appa ren t   La te   T r i a s s i c  age  of 
t he   hang ingwa l l   rocks   a t  Windy-Craggy should  a lso  be  taken  into  consider-  
a t ion.   I f   the   mafic   pi l lowed  volcanic   rocks are Paleozoic   in   age  as 
i n f e r r e d  by the   r eg iona l  mapping of Campbell  and Dodds ( 1 9 7 9 ) ,  then a 
major   unconformi ty   o r   th rus t   fau l t  may e x i s t  between  the  mafic  volcanic 
rocks and the  overlying  volcanic-sedimentary  unit .   Alt .ernatively,   the 
en t i r e  package  might  be  Late h i a s s i c  i n  age  and t h e r e f o r e   c o r r e l a t e   w i t h  
o ther   maf ic   vo lcanic   un i t s   such  as the   S tuhin i  Group  of the Intermontane 
B e l t  and the  Karmutsen-Nikolai  assemblage of t he   In su la r  'Wlt. 
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