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FOREWORD 

This  is the   n in th   yea r  of p u b l i c a t i o n  of Geological Field- 
work, a p u b l i c a t i o n   d e s i g n e d   t o   a c q u a i n t   t h e   i n t e r e s t e d  
p u b l i c   w i t h   t h e   p r e l i m i n a r y   r e s u l t s  of f ieldwork  of tire 
Geological  Branch as soon as p o s s i b l e   a f t e r   t h e   f i e l d   s e a s o n .  
The r e p o r t s  are w r i t t e n   w i t h o u t   t h e   b e n e f i t  of ex tens ive  

p r e s e n t a t i o n ,   f i g u r e s   i n   t h i s   y e a r ' s   p u b l i c a t i o n  were done  by 
l abora to ry  or o f f i c e   s t u d i e s .  To improve the q u a l i t y   o f  

our draugh t ing   s ec t ion .  

Th i s   ed i t i on   o f  Geological Fieldwork  cont inues  with  the two- 
sec t ion   fo rma t   adop ted   i n   t he  last  volume (Geological  Branch 
Paper 1982-1 1. The P r o j e c t  and Applied  Geology  sectic'n 
i n c l u d e s   r e p o r t s  of metallic and c o a l f i e l d   i n v e s t i g a t i o n s ,  

r e l a t e d  t o  some mineral  properties funded i n   p a r t  by Ministry 
r e p o r t s  of District Geologis t s ,  and  property examinations 

programs. The Othe r   Inves t iga t ions   s ec t ion   cons i s t s   ma in ly  of 
reports of work d o n e   b y   d i f f e r e n t   u n i v e r s i t i e s   i n   < c o o p e r a t i o n  
with the Minis t ry .  

The cover   photograph   depic t s   geologis t s   examining   tha   d i scovery  
outcrops a t  Granduc. 

Output   o f   th i s   publ ica t ion  was coordinated  by A. Panteleyev 
and W. J. WMillan.   Manuscript   input  was by D. I3ulinckx  of 
Geoscience  Projects .   Draught ing  of   the  f igures   in   the  Project  
and  Applied  Geology  section  of t h e  report w a s  by El. HOensen, 
P. Ch ico re l l i ,  and J. Armitage of the  draught ing   of f ice   and   Ian  
Webster of Geoscience  Projects.  

A. Sutherland Brown, 
Chief  Geologist ,  
Geological  Branch, 
Mineral  Resources  Division. 
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P R O J E C T  A N D   A P P L I E D   G E O L O G Y  

GEOLOGY IN THE VICINITY OF  THE SULLIVAN  DEPOSIT 
KIMFJERLEY, BRITISH  COLUMBIA 

(82F, G) 

BY T. H8y 

INTRODUCTION 

The s tudy of t h e  Purcell Supe rg roup ,   i n i t i a t ed   i n   1977 ,  was i n t e n d e d   t o  
develop a be t t e r   unde r s t and ing   o f   t he   s t r a t ig raph ic ,   s t ruc tu ra l   and  
t e c t o n i c   s e t t i n g ,  and o r e   c o n t r o l s  of the  Sul l ivan  and  c , ther   smal . ter   but  
similar c l a s t i c - h o s t e d   l e a d - z i n c   d e p o s i t s   i n   s o u t h e a s t e r n   1 3 r i t i s h  
Columbia.  Kanasewich  (1968)  recognized a basement   s t ruc ture  from 
anomalous  magnetic  and  gravity  trends and by deep seismic r e f l e c t i o n s  
t h a t   c u t   n o r t h e a s t e r l y   a c r o s s   t h e  more n o r t h e r l y   r e g i o n a l   s t r a t i g r a p h i c  
a n d   s t r u c t u r a l   t r e n d s .  He c o n c l u d e d   t h a t   t h e   s t r u c t u r e  was a Precambrian 
r i f t  and t h a t   t h e   S u l l i v a n   d e p o s i t   o r i g i n a t e d   w i t h i n  i t .  The p.coposed 
r i f t   c o i n c i d e s   w i t h   t h e   p r o n o u n c e d   S t .  Mary-Boulder  Creek  and  the Moyie- 

wes te rn  ranges of the  Rocky b u n t a i n s   ( F i g .  2) .  Lowe'r Pa1eozoi.c ( f o r  
Dibble   Creek   fau l t   sys tems  tha t   cu t   across   the  Purcell Mountains .and t h e  

example, leech,  1958)  and ear l ie r  mdrynian  movements, general ly   block-  
f a u l t i n g  and t i l t i n g  ( L i s  and Price, 1976),  had  been  recognized  along 

been  documented. A pr imary   ob jec t ive   o f   t h i s   s tudy  was t o   d e t e r m i n e   i f  
t h e s e   t r a n s v e r s e   f a u l t   s y s t e m s ,   b u t  earl ier Eurcell age moverrents 'sad n o t  

t h e r e f o r e   h a v e   c o n t r o l l e d   t h e   r e g i o n a l   d i s t r i b u t i o n   o f   l e . s d - z i n c  
t h e s e   t r a n s v e r s e   s t r u c t u r e s  were a c t i v e   i n  Purcell time and  could 

d e p o s i t s .  

t5  

*2 '  
?II 

F l y r e  2. Location map, sha i lng  S t .  Mary, 
Boulder Creek, MoyIe, and Dibble  
G-eek f a u l t s ,  and published 

of t h e  Klmber ley mp-erea .  
geologlcal  map5 I n  t h e   v l c l n l t y  

9 

ldegroot
1982



The s m d y   i n i t i a l l y   f o c u s e d  on the  Kootenay  Ranges e a s t  of the Rocky 
Mountain  Trench  and  results were r e l eased   a s  two pre l iminary  maps (Hoy, 

ness inc reases  and rap id   fac ies   changes  i n  the  Aldridge  Formation  (near 
1979; McMechan, 1979) .   Locat ions  are   given on Figure 2. Dramatic  thick- 

t h e   b a s e  of the  exposed  Furcel l   succession)   occur  i n  t h e   v i c i n i t y  of the 
Boulder  Creek  fault .  The f a u l t  is i n t e r p r e t e d   t o  have  been a growth 
f a u l t  which  down-dropped  the  area to   t he   sou th  (Hoy,  1979,  1982a). 
Fur ther   south ,  McMechan (1979,   1981)   recognized  that   over lying  Furcel l  
platformal   rocks  have  s imilar ,   though less dramatic,   changes.   These  data 
tend   to   conf i rm  the   p resence  of a transverse  Precambrian r i f t  s t r u c t u r e .  

I t  was suggested (Hoy, 1982b) t h a t   t h i s   t r a n s v e r s e  zone is  marked i n  
Fu rce l l   r ocks   t o   t he   wes t  by t h e   p r e f e r e n t i a l   d i s t r i b u t i o n  of i n t r a -  
formational   conglomerate   and  mrcel l  sills. It is  a l s o   c h a r a c t e r i z e d  by 
anomalous  concentrat ions of boron  that   are   supposedly  re la ted  to   deep 
c r u s t a l   f r a c t u r e s   ( E t h i e r  and  Campbell,  1977). Mapping  and d e t a i l e d  
section  measurements were subsequently begun i n   t h e   v i c i n i t y  of t he  Moyie 
f a u l t   i n   t h e  Furcell Mountains (Hoy and  Diakow,  1981, 1982). The work 
c o n t i n u e d   t h i s   p a s t  summer and was extended  northward t o  encompass  the 
S t .  Mary f a u l t  and t h e  Sb l l ivan  mine a t  Kimberley.  Mapping of t he  
Kimberley  map-area i s  being  compiled  and w i l l  be r e l eased  as a pre l imin-  
a r y  map (1 :50 000 s c a l e )  when conpleted.   Further   f ie ldwork on the 
P u r c e l l   p r o j e c t  w i l l  be minimal  and w i l l  o n l y   i n c l u d e   f i l l - i n   t r a v e r s e s  
and section  measurements;  these w i l l  be completed  next  f ield  season. 

The Kimberley  map-area i s  within  the  Fernie   west-half  ( 8 2 G / W )  s h e e t  

Many of t h e   s a l i e n t   f e a t u r e s  of  the  geology were i n i t i a l l y   o u t l i n e d  by 
(Leech ,   1960) ,   and   the   eas te rn   par t  of the  St .  Mary sheet  (Leech,  1957).  

Rice (1937).   Other maps p u b l i s h e d   i n   t h e   v i c i n i t y  of the  Kimberley  sheet 
a r e  shown on F i q u r e  2. 

GIQJERAL GEOLOGY 

The  Kimberley a rea   (F ig .  3) is  t r ansec ted  by t h e   r i g h t   l a t e r a l ,   r e v e r s e  
S t .  Mary f a u l t .  The f a u l t   b r i n g s  Lower and  Middle  Aldridge  rocks i n  i t s  

Creston  and  younger   Furcel l   rocks  or ,   local ly ,   Cambrian  s i l ts tone and 
hangingwal l   ( the   S t .  Mary block of Eenvenuto  and  Price,   1979)  against  

s h a l e  of the   mger   Formation.  
boundary  between  the Lower and  Middle  Aldridge  within  the  St. Mary block. 

The Sb l l ivan   depos i t   occu r s  a t  the 

I t  i s  j u s t   s o u t h  of the  north-dipping,  normal  Kimberley  fault   (Hamilton, 
et dl., 1982) .   Su l l ivan  i s  one of t h e  l a r g e s t   b a s e   m e t a l   d e p o s i t s  i n  
the  world,  having  produced i n  excess of 100 mill ion  tonnes  of  ore  and 

p e r  c e n t   l e a d ,  6.1 p e r   c e n t  zinc,  and 37 grams s i l v e r  per   tonne  (Ransom, 
wi th  remaining r e se rves  of approximately 50 mi l l i on  tonnes  grading 4.9 

1977;  %milton, et al., 1981,  1982). The North  Star and  Stemwinder 
d e p o s i t s   l i e   j u s t   t o   t h e   s o u t h .  They a re   sma l l   l ead -z inc   depos i t s   w i th  
less than  100 000 t onnes   p roduc t ion   t ha t   a r e   s i t ua t ed  i n  t h e   u p p e r   p a r t  
of t he  Lower Aldridge  Formation (see Fig. 3 ) .  

10 



Figure  3. Geological map o t  t h e  Klrnberley  area. 

PURCELL SUPERGROUP STRATIGRAPHY 

The s t r a t i g r a p h i c   s u c c e s s i o n   i n  the Kimberley  area is i l l u s t r a t e d  on 
Figure  4. The oldes t   rocks ,   rus ty-weather ing  s i l ts tone,  q u a r t z  wacke and 
a r g i l l i t e  of t h e  Lower Aldridge  Formation, are only  exposed i n   t h e  hang- 
ingwa l l  of t h e  S t .  Mary f a u l t   s o u t h  of t h e   S u l l i v a n  mine.  Crossbeds  and 
graded   beds ,   and   occas iona l   f lu te  casts sugges t  i t  consists l a r g e l y  of 
t u r b i d i t e s .  A 250-metre-thick  succession  of  grey-weathering  quartzite 
and   qua r t z  wacke tu rb id i t e   beds ,  which is l i t h o l o g i c a l l y  similar to much 
of  the  Middle  Aldridge  succession,  occurs  approximately 300 metres  below 

and  southern  slopes  of  North Star Hill and a l s o  a few ki lometres   north-  
t h e  Lower-Middle Aldridge  boundary. It is  well exposed on the  western 

eas t  of  Kimberley. 
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F l y r e  4. Strat igraphic   succession I n  t h e  Kimberley a r e a  

The  Lower-Middle Aldridge  contact  is poorly  exposed. It crops  out   near  

S t r a t i g r a p h i c a l l y ,  it has  been  placed  below  exposures  that   contain prom- 
the   Su l l ivan   depos i t   and   subc rops  on Concentrator  Hill e a s t  of Kimberley. 

py r rho t i t e -py r i t e   beds  i n  l a m i n a t e d   a r g i l l a c e o u s   s i l t s t o n e ,   t h a t  may be 
inent ,   b locky,   grey-weather ing  quartz  wacke beds.   Finely  laminated 

d i s t a l   e q u i v a l e n t s  of the Sul l ivan   depos i t ,   have   been   descr ibed   a t  
approximately  this   horizon i n  two Cbminco  Ltd. d iamond-dr i l l   ho les   tha t  
were d r i l l e d  east and  southeast  of t h e   S u l l i v a n   d e p o s i t  (Hagen,  1978). 
J u s t   w e s t  of Lone Pine Hill, t h e  mwer Aldridge is i n  f a u l t   c o n t a c t   w i t h  
the  Middle  Aldridge  (Hagen, 1981 ) . 
The Middle  Aldridge  consists  of  grey-weathering  quartz wacke  and quar tz -  

e s t i m a t e d   t o  be approximately 2 000 metres th i ck  i n  t h e   s e c t i o n   s o u t h e a s t  
i t e  b e d s   w i t h   l o c a l   i n t e r l a y e r e d   s i l t s t o n e  and s i l t y  a r g i l l i t e .  It is  

o f  the   Sul l ivan  mine, where i n d i v i d u a l   q u a r t z i t e   b e d s   a r e  up t o   s e v e r a l  

1 2  



metres   thick.  The t h i c k   q u a r t z i t e s  may be amalgamated t u r b i d i t e   b e d s ;  
t h a t  is, they may comprise a number  of ind iv idua l   mass ive   tu rb id i te   beds  
w i t h o u t   e i t h e r   i n t e r v e n i n g  s i l t  component or  recognizable  graded  tops.  
Coarse (1  t o   2 -mi l l ime t re )   qua r t z   g ra ins  may occur   wi th in   these   th icker  
beds.  Measurements of f l u t e   c a s t s   a t   t h e   b a s e  of some t u r b i d i t e  beds 

wi th in  t h e  Middle Aldridge,  the propor t ion  of dark s i l t y  a r g i l l i t e  
i n d i c a t e  a n o r t h   t o  northwester ly  c u r r e n t   t r a n s p o r t  d i r e c t i o n .  I@ s e c t i o n  

increases .   Loca l ly  i t  becomes predominant,  making it d i f f i c u l t   t o   d i s -  
t i n g u i s h   i s o l a t e d   o u t c r o p s  from wper   Aldridge  exposures .  The & p e r  
Ald r idge   cons i s t s  of approximately 300 metres of rusty  to   dark  grey-  
w e a t h e r i n g   l a m i n a t e d   a r g i l l i t e  and s i l t y  a r g i l l i t e .  

Creek  Formations  (Fig. 4 ) ,  a re   s imi l a r   t o   t hose   desc r ibed  t o  the   s cu th  i n  
Rocks overlying  the  Aldridge  Formation,  the  Creston,  Kitchener,   and Van 

s t o n e s  of the  Creston  Formation  are   typical ly   green  or   grey  with lesser 
t h e  Cranbrock area (Hoy and  Diakow, 1981,  1982).  p l a r t z i t e s  and silt- 

amounts of mauve-coloured s i l t s t o n e .  Numerous sed imentary   s t ruc tures  
ind ica te   sha l low  mar ine   subt ida l   to   supra t ida l   depos i t ion ,3 l   envi ronments .  
However, exposures of well-bedded,  grey-weathering AE turbidite!;  j u s t  
nor thwes t   and   nor theas t   o f   Cranbrook  ind ica te   loca l   deeper   water   envi ron-  
ments. The Kitchener  Formation is dominantly h f f   t o  grey-weat.hering 
do lomi te ,   do lomi t i c   s i l t s tone  and  limestone. The Van Creek  Formation i s  
o l ive   g reen ,  to l o c a l l y  mauve and t a n  sha le  and s i l t s t o n e .  

The Nicol  Creek  Formation  includes  toffs;   massive,   porphyrit ic,  and 

q u a r t z i t e .  It thins  northwestward from  approximately 180 metres ,   nor th  
amygdaloj.da1  basic  lava  flows; and i n t e r c a l a t e d   g r e e n   s i l t s t o n e  and 

of  Cranbrook t o  36 metres  south of Marysville.  O n l y  t he   basa l  f e w  
hundred  metres of t h e  overlying  Sheppard  Formation are exposed i n  the 
Kimberley  map-area.  'Ihey c o n s i s t  of l i gh t   g reen ,   t an ,   an8   l e s se r   pu rp le ,  
f i n e l y  l a m i n a t e d   s i l t s t o n e  and a r g i l l i t e .  

and  lower p a r t  of t h e  Middle  Aldridge, h t  uncommon or absent  i n  nuch  of 
Purcell bas ic   igneous  sills and  dykes  are  prominent i n  t he  Lower Aldridge 

the  Creston  Formation.  Similar  rocks  appear  again,   probably  as a s e p a r a t e  

w i t h  Middle  Aldridge sills i n  the Moyie Lake a r e a   t h a t   c a n  commonly be 
i n t r u s i v e  e v e n t  i n  the Kitchener and Van Creek Formations. In  c o n t r a s t  

t r aced   t ens  of k i lome t re s .  and are   therefore   va luable   markers ,   Ib rce l l  
i n t r u s i v e   r o c k s  i n  the  Kimberley  area  are commonly c rosscut t ing   dykes  
t h a t  change  appreciably i n  a t t i t u d e  and t h i c k n e s s   a s  tht?y a re   t r aced  i n  
outcrops.  They are   local ly   very  coarse   grained  and  plagioclase  pheno-  
c r y s t s  can be severa l   cen t imet res   across .  

CAUBRIAN STRATIGRAPHY 

The Sheppard  Formation is  unconformably  overlain by q u a r t z i t e  and aarbon- 
a t e  of the  Cranbrook  Formation and sha le  and s i l t s t o n e  of the  Eager 
Formation of Cambrian  age. 'Ihe con tac t ,  where  exposed  north  of  Cra.nbrook 
and  near  Antwerp  Creek  south  of  Marysville, i s  d iscordant .  The Cra.nbrook 
Formation a t  Antwerp  Creek c o n s i s t s  of an i n t e r l a y e r e d  !sequence c8f pure 
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mately 80 metres of w h i t e   t o   l i g h t   g r e y   o r t h o q u a r t z i t e  which  has a few 
t o   f e l d s p a t h i c   q u a r t z i t e  and   g reen   s i l t s tone .  It is o v e r l a i n  by approxi- 

impure   s i l t s tone   l aye r s   nea r   t he   t op .   In t e rca l a t ed   ca rbona te   l aye r s  
o c c u r   a t   t h e   t o p  of the   un i t .  The carbonate  is dominantly  magnesite 

metres th i ck .  The Cranbrook  grades up i n t o   g r e e n   s i l t s t o n e  and s h a l e  of 
(McCammon, 1964)  and  one r e l a t i v e l y   p u r e   s e c t i o n  i s  approximately 7 

bulk of the Eager  Fbrmation. It is gene ra l ly  well cleaved  and  local ly  
t h e  Eager  Formation.  Dark t o   l i g h t   g r e y  s i l t y  a r g i l l i t e   c o m p r i s e s   t h e  

contains   prominent   cubes of p y r i t e .  

GRANITIC ROCKS 

c r o p   o u t  i n  t h e   v i c i n i t y  of Cranbrook a i r p o r t   n o r t h  of the S t .  Mary 
A number  of o u t c r o p s   o f   g r a n i t i c   r o c k s ,   i n i t i a l l y   l o c a t e d  by Rice  (19371, 

p o r p h y r i t i c ,   w i t h   a l t e r e d   b i o t i t e  and  hornblende  phenocrysts. As Rice 
R i v e r .  Thei r   t ex tures   range  from a p h a n i t i c   t o   c o a r s e   g r a i n e d  and 

suggested,   these  occurrences  are   probably part of a larger,   unexposed 
g r a n i t i c  body. A pronounced,  oval-shaped  magnetic  anomaly  trends  north- 
no r theas t   ove r   t hese   occu r rences  ( s e e  B.C. Minis t ry  of Energy,  Mines  and 
Petroleum  €?esources/Geological  Survey  of  Canada Map 8469G and Fig. 3 ) .  

provide  a minimum age  for  movement on t h e   f a u l t .  A megascopically 
The i n t r u s i v e  rocks s t r a d d l e  the  S t .  Mary f a u l t  and therefore w i l l  

has been  dated a t  122 Ma (unpubl i shed   da te )  . s i m i l a r   s t o c k   i n   t h e  Moyie  Lake sheet  (Leech,  1960; Hoy and  Diakow,  1982) 

STRUCTURE 

The  Kimberley a r e a  i s  dominated by a complex a r r a y   o f   f a u l t s .  The 
l a r g e s t  of t h e s e   t r e n d   e a s t e r l y   t o   n o r t h e a s t e r l y  and a r e   e s s e n t i a l l y  
p a r a l l e l   t o   t h e   p r o m i n e n t  S t .  Mary and W y i e   f a u l t s .  However, n e t  
movement on these  is general ly   normal   with  north  s ide down, i n  c o n t r a s t  

Apparent  net   normal movement on t he  Kimberley f a u l t  has r e s u l t e d  i n  
t o   t h e   r e v e r s e ,   r i g h t  l a t e r a l  movement on the  S t .  Mary and Moyie f a u l t s .  

approximately 1 2  k i l o m e t r e s   s t r i k e   s e p a r a t i o n  of the Upper Aldridge 
a c r o s s  it, w h e r e a s   r i g h t   l a t e r a l   r e v e r s e  movement on t h e  S t .  Mary f a u l t  
has  produced 1 2  k i l o m e t r e s   o f   r i g h t   l a t e r a l   s t r i k e   s e p a r a t i o n   ( F i g .  3 ) .  

Late   no r th   and   no r theas t e r ly   t r end ing   no rma l   f au l t s  c u t  open t o  moderate- 

Aldridge  rocks west of Cranbrook  (Fig. 3 ) .  S i m i l a r   l a t e   f a u l t s   c u t  
l y   t i g h t   f o l d s   w i t h   p r o n o u n c e d   a x i a l   p l a n e   c l e a v a g e  i n  Creston  and Upper 

Northwest- t rending  faul ts   are   conspicuous i n  t he  Moyie  Lake map s h e e t   t o  
s t r u c t u r e s  and   d i sp l ace   t he   K imber l ey   f au l t   e a s t  of t he   Su l l ivan   depos i t .  

only prominent i n  the   complexly   fau l ted   t e r rane  j u s t  north  of  Cranbrook. 
t he   sou th  (Hoy and  Diakow, 1982) .   but  i n  the  Kimberley  area,   they are 

Broad  open  folds  with  pronounced  axial  plane  cleavage  occur i n  both 
P u r c e l l  and  Cambrian  age  rocks.   In   the  vicini ty   of  some f a u l t s ,   t h e y  
become t igh t ,   ove r tu rned  s t ructures .  
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SumMARY 

The geoloqy of the  Kimberley area will be r e l eased  as ,% 1:50 000 pre- 
l i m i n a r y   r a p   s h e e t ,  which w i l l  be  the l as t  of a series of s h e e t s   t h a t  
ou t l i ne   t he   geo loqy  of t he  Furcell Supergroup i n  t h e   v i c i n i t y  of the 
S u l l i v a n   d e p o s i t  i n  s o u t h e a s t e r n   B r i t i s h  Columbia.  Future  fieldwork, 
p l anned   fo r  1983, w i l l  c o n s i s t   o n l y  of f i l l - i n   t r a v e r s ' s s   i n   t h e   m y i e  
Lake  and  Kimberley areas, section  measuring,  and  sampling. Newly 
a c q u i r e d   d a t a  and  previously  re leased maps (Hey,  1979; WMechan, 1979; 
Hay and  Diakow,  1982) w i l l  be  combined  and  eventual1.y  published i n  
b u l l e t i n  form. 

The o b j e c t i v e s  of   the  Purcel l   s tudy  have  been  largely  real ized:  

( 1 )  lb p r o v i d e   d e t a i l e d  (1  :50 000) geo log ica l  maps of the   Purce l l   Super -  
g r o u p   i n   t h e   v i c i n i t y  of the   Su l l ivan   and   o the r   impor t an t   l ead -z inc  
depos i t s .  

( 2 )  lb present  models,   based on section  and  paleocurrent  measurements,  
of the   depos i t iona l   envi ronment   o f  Purcell Supergroup  rocks. 

( 3 )  lb place c o n s t r a i n t s  on and   pos tu l a t e   mode l s   fo r   r eg iona l   s t r a t i -  
g r a p h i c ,   s t r u c t u r a l ,   a n d   t e c t o n i c   c o n t r o l s  of m i n e r a l i z a t i o n   i n   t h e  
Su l l ivan  camp. 

I t  is concluded   tha t   synsedimentary   fau l t ing ,   perhaps   near   the   nor thern  

d i s t r i b u t i o n   o f   P u r c e l l   r o c k s   i n  Lower and  Middle  Aldridge time. Clastic- 
edge  of a t r a n s v e r s e   r i f t   s t r u c t u r e ,   l o c a l l y   c o n t r o l l e d  sand modif ied  the 

hos t ed   l ead -z inc   depos i t s   such  as Sul l ivan,   North Star ,  Stemwinder,  and 
Kootenay  King are a l s o   l o c a t e d  near the   no r the rn   edge   o f   t h i s   t r ansve r se  
s t r u c t u r e ,   s u g g e s t i n g  a genetic  l ink  between  mineralization  and  syn- 
sed imentary   fau l t ing  (Hoy,  1982a, 198223). 

ACKNOWLEIXWZNTS 

Discuss ions   wi th  Cominco Ltd.   geologis ts  (J. Hamilton, P. Ransom, G. 
Delaney, and  A. Haqen) a t  the Su l l ivan  mine helped c l a r i f y  a number of 
problems,  and  the  geology i n   t h e   v i c i n i t y  of t h e   S u l l i v a n  mine (Fig.  3) 
is from t h e i r   p u b l i s h e d  work (Hamilton, et a l . ,  i n   p r e s s ) .   D i s c a s s i o n s  
w i t h  K. WClay  (Goldsmiths College, London, h g l a n d ) ,  B. Love11 (Ilniver- 
s i t y  of   Minburgh,   Scot land) ,   and L. Diakow (Unive r s i ty  of Western 
Ontar io ,  London, Ontar io)  are gratefully  acknowledged. ?%=cess t o  unpub- 
l i s h e d  maps ( t h e  Dean and A l l  Over claims) of  the  North Star Hill area by 
Asarco  Exploration Company of  Canada,  Limited i s  apprec ia ted .  Mike 
Fournier  and  Ian  Webster  provided  cheerful and a b l e   f i e l d   a s s i s t a n c e .  

REPERWCES 

Benvenuto, G. and  Price. R. A. (1979) : S t r u c t u r a l   E v o l u t i o n  of t he  
Hosmer Thrust   Sheet ,   Southeastern  Bri t ish  Columbia,  Cdn. Pet. Geol., 
Bul l . ,  Vol. 27, NO. 3,  pp. 360-394. 

15 



B.C. Minis t ry  of Energy, Mines & Pet.  Res. and Geological &rvey of 
Canada,   Geophysical   Ser ies   (Aeromagnet ic) ,   Cranbrook,   Bri t ish 
Columbia,  1970, Map 8469G. 

E t h i e r ,  V. G. and  Campbell, F. A. (1977) : Tourmaline  Concentrat ions  in  
Pro terozoic   Sediments   o f   the   Southern   Cordi l le ra   o f  Canada  and  Tneir 
Economic S ign i f i cance ,  Cdn. Jour. Ear th  Sci.,  Vol. 14,  pp. 2348- 
2363. 

Hagen, A. S. ( 1 9 7 8 ) :   D r i l l i n g  Report, DDCH 6423,  Chance No. 5 Group, 

. ..... . . .. (1981) : Dri l l i ng   Repor t ,  Golf 2, Fa1  10, Fa1 12, DDCH 6444- 
6446, B.C. Mini s t ry  of Energy,  Mines S Pet .  Res., Assessment Rept. 
971 1 .  

Hamilton, J. M., Bishop, D. T., mrris,  H. C., and Owens, 0. E. (1982) : 
Geology of t h e   S u l l i v a n  Orebody,  Kimberley, B r i t i s h  Columbia, i n  
Precambrian  Sulphide  Deposits,  H. S. Robinson  Wmorial Vol., R. W. 

Can., Special   Paper  25. 
Hutchinson, C. D. Spence,  and J. M. F r a n k l i n ,   e d i t o r s ,  Geol. ASSOC. 

B.C. Minis t ry  of Energy,  Mines & Pe t .  R e s . ,  Assessment Rept. 6786. 

H a m i l t o n ,  J. M., Eelaney, G. D., Hauser, R. L., and Ransom, P. w. ( i n  
press) : Geology  of the  Sul l ivan  Deposi t ,   Kimberley,   Bri t ish Col- 
umbia,  Canada, i n  Sediment-Hosted  Lead-Zinc Deposits, D.F. Sangs ter ,  
e d i t o r ,  Min. Assoc. Can., Short  Course Notes, Chapter 2. 

Hamilton, J. M., Hauser, R .  L., and Ransom,  P. W. (1981) : lhe Su l l ivan  
Orebody, i n  F ie ld   Gu ide   t o  Geology  and  Mineral Deposits, Geol. 
Geol. Assoc. Can., pp.  44-79. 

Hay, T. (1979) : Ceology of the  Fstella-Kootenay  King Area, mghes  Range, 
Southeastern  Bri t ish  Columbia,  B.C. Minis t ry  of Energy, Mines & Pet .  
R e s . ,  Prelim. Map 3 6 .  . . . . . . . . . . (1  982a) : S t r a t i g r a p h i c   a n d   S t r u c t u r a l   S e t t i n g  of Stratabound 

V o l .  75, No. 840, pp. 114-134. 
Lead-Zinc Deposits i n  Southeastern  Bri t ish  Columbia,  C.I.M., Bul l . ,  

. . . ....... (1982b) : The Furcell Supergroup i n   S o u t h e a s t e r n   B r i t i s h  Col- 
umbia;  Sedimentation, Tectonics, and  Stratiform  Lead-Zinc Deposits, 
i n  Precambrian  Sulphide Deposits, H. S. Robinson Memorial Vol., 

ASSOC. Can., S p e c i a l  Paper 25. 
R .  A. Hutchinson, C. D. Spence,  and J. M. EYanklin, e d i t o r s ,  Geol. 

Hay, T. and Diakow, L. (1981) : Geology  of t he  Moyie  Lake Area, Purcell 
Mountains,   Southeastern  Brit ish  Columbia,  B.C. Ministry of Energy, 
Mines & Pet .  Res., Geological  Fieldwork,  1980,  Paper  1981-1, pp. 
9-14. 

Htiy, T. and Diakow, L. (1982) : Geology  of t h e   m y i e  Lake Area, B.C. 
Mini s t ry  of Energy,  Mines & Pet .  R e s . ,  Prelim. Map 49. 

Kanasewich, E. R .  (1968):   Precambrian  Rif t :  Genesis of   Stratabound Ore 
Deposits, Science, Vol. 161, pp.  1002-1005. 

Kanasewich, E. R.,  C l o w e s ,  R.  M., and  WCloughan, C. H. (1969) :  A Buried 
Precambrian  Rif t   in   Western  Canada,   Tectonophysics ,  Vo1. 8 ,  pp.  513- 
527. 

Leech, G. B. (1957) :   S t .  Mary Lake,  Kootenay District, B r i t i s h  Columbia 
(82F/9) ,  Geol. .Slzrv., Canada, Map 15-1957. 

1 6  



Leech, G. B. (1958) : Fern ie  Map-Area, West t k l f ,   B r i t i s h  Columbia, 
Geol. SUrv., Canada, Paper 58-10. 

. . ..... . . . (1960) : Geology,  Fernie (West M l f )  , Kootenay District, 
B r i t i s h  Columbia,  Geol.  Surv.,  Canada, Map 11-1960. 

L i s ,  M. G. and Price, R.  A .  (1976) : Large-Scale Block F a u l t i n g   h l r i n g  
Deposi t ion of the  Windermere Supergroup  (Hadrynian) i n  Southeastern 
B r i t i s h  Columbia, GeoZ. Surv.,  Canada,  Paper 76-1A. pp. 135-136. 

McCammon, J. W. (1964):  ?he Marysville  Magnesite Belt, B.C. Ministry of 
Energy ,  Mines & Pet .  R e s . ,  Ann. Rept.,  1964, pp.  187-193. 

McMechan, M. E. (1979) : Geology of the  munt  Fisher-$:and  Creek Area, 
B.C. M i n i s t r y  of Energy,  Mines & Pe t .  Res., Prelim. Map 34. . .. .. . . .. . (1981) : The Middle  Proterozoic Furcell Supergroup i n  the  
Southwestern Purcell Mountains ,   Bri t ish Columbia an,3 t he  I n i t i a t i o n  
of  the   Cordi l le ran   Miogeocl ine ,   southern  Canada and  Pdjacent  United 
S t a t e s ,  Cdn. P e t .  Geol., Bull. ,  Vol. 29, No. 4, pp. 583-621. 

P r i c e ,  R. A. (1962) :   Fern ie  Map-Area, =st  m l f ,   A l b e r t a  and B r i t i s h  
Columbia, Geo.1. SUrv., Canada, Paper 61-24. 

Fansom, P. W. (1977):  Geology of t he   Su l l ivan  Ort?body, i n  Lead- 
Zinc  Deposi ts  of S o u t h e s t e r n   k i t i s h  Columbia, r. m y ,   e d i t o r ,  
Geol. ASSOC. Can., F i e l d t r i p  Guidebook 1 ,  pp. 7-21. 

Reesor, J. E. (1958) : &war Creek Map-Area, w i th   Spec ia l  Emphasis  on the  
white   Creek  Bathol i th ,   Bri t ish  Columbia,  Geol. Surv., Canada, Mem. 
292, 7 8  pp. .......... (1981):   Grassy m u n t a i n ,  Kootenay Land D-tstrict, l h i t i s h  
Columbia, Geol. SUrv., Canada, Open F i l e  820. 

Rice, H.M.A. (1937) : Cranbrook Map-Area, B r i t i s h  Columbia, Geol. SUrv., 
Canada, M e m .  207,  67  pp. 

... . .... .. (1941) : Nelson Map-Area, E3st Half,  Geol. SUrv., Canad.3, Mem. 
228,  86 pp. 



'A-1 ' BLUEBIRD ADIT 
AN EXAllPLE OF GALENA-COATED JOINTS  RATHW THAN VEINS 

(823/14) 

B y  G. G. Mdie 

The ' A - 1 '  B l u e b i r d   a d i t  (Fig.   5)  i s  a new working  driven by  Eob Button, 
S i l v e r  Hills Consul t ing & Contracting  Ltd. ,   below  the  Blue-bird A a d i t  
which is fiescribed  by C. E. Cairnes   (1935) .  

F i g u r e  5. Location map t o r   t h e  'A-1'  B l u e b i r d   a d i t   t a t t e r  Fig.  1 ,  
Ca I rnes, 1935). 

The m i n e r a l i z a t i o n   o c c u r s   i n   a r g i l l i t e s  of the  Slocan series (Fig .  6). 
The new showing c o n s i s t s  of g a l e n a   c o a t i n g   j o i n t   p l a n e s .  One small ve in  
was seen  which  has an  ex t r ao rd ina ry  17  982  ppn s i l v e r  i n  the galena. 

The mineral   system was d e t e c t e d  by a s e l f - p o t e n t i a l  test t h a t  was run  on 

p l a n e   m i n e r a l i z a t i o n  i s  too  narrow for handpicking   the   o re .   I f   p roduct ion  
t h e   s u r f a c e ,  and the   p rope ry   war ran t s   fu r the r   exp lo ra t ion .  The j o i n t  

were i n i t i a t e d ,  a small p o r t a b l e  mill would  probably  be  needed to  make a 
concent ra te   before   sh ipping .  

Ass is tance   in  the mapping was given by  Lloyd  Addie. 
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F i g r e  7. Gaolog ot the Llne Creek area. Elk Valley Coalf leld. 
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LINE CREEK AND CROWN IK)LINTAIN AREAS 

ELK VALLEY COALFIELD 

(826/10, 15) 

By D. A. Grieve  and  Janine M. Fraser 

INTRODUCTION 

a d j o i n s   t h e   m u n t  Banner a r e a ,  which was  mapped i n  1981 (Grieve,  1982).  
The s tudy   a rea  i s  i n  the   south   ha l f  of t he  Elk Valle!{ Coa1fiel.d  and 

I t  inc ludes   the  Crows Nest Resources  Limited  Line meelt mines i t e   (no t  
mapped)  and severa l   o ther   p roper t ies ,   inc luding   Burnt   Ridge ,  Mount 
Michael,  Line  Creek  extension,  Horseshoe  Ridge,  wepeel  Mountain, and 
Crown Mountain  (Figs. 7 and 8 ) .  With the  exception  of  Burnt  Ridge,  which 
is f reehold   l and  w i t h  c o a l   r i g h t s   h e l d  by B.C. Coal L t d . , ,  c o a l   r i g h t s   i n  
t h e   s t u d y   a r e a  are held  under   l icence  and  lease by Crow:; Nest Resources 
Limited.  

~ ~ g u r e  8. Geology of the Crown b u n t a l n  area, Elk 
Valley Coalfield 
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Crows Nest Resources   Limited  began  processing  and  shipping  coal   f rom  Line 
Creek  mine in   Feb rua ry ,  1982. The conpany  has  been  a,-tively  seeking 
a d d i t i o n a l   c o a l   r e s e r v e s   a d j a c e n t   t o   t h e   m i n e s i t e ,  and  has  undertaken 
d e t a i l e d   e x p l o r a t i o n  on t h e   n o r t h   p a r t  of L i n e  Creek Rit3ge (Line  Creek 
extension),  Horseshoe  Ridge,  and  Fbunt  Michael. M O r e O V E r ,  most of t he  
s tudy  area has   rece ived  some l e v e l  of e x p l o r a t i o n   d u r i n g   t h e   p a s t   t h r e e  
years .  

i s  accessible  from  the  Sparwood-Elkford Highway. 
Line  Creek  minesite,  which is  24 k i lomet res   nor th-nor theas t  of Sparwood, 

C;ood access is  
a v a i l a b l e   i n t o  a l l  p a r t s  of the s tudy  area  using  explorat ion,   mine,   and 
fo re s t ry   roads .   E leva t ions   i n   t he   a r ea   r ange  from 1 500 to 2 500 metres. 

PIELLWORK 

F i e l d   d a t a   c o l l e c t e d  was p l o t t e d   d i r e c t l y   o n t o   B r i t i s h  Columbia  g3vern- 
ment a i r  photographs; it w i l l  hd t r a n s f e r r e d  later to 10 000-scale 
o r t h o p h o t o s   f o r   p u b l i c a t i o n   t o  augment resul ts  from t h e   l a s t  two f i e l d  
seasons  (Grieve,  1981, 1982) .   S t r a t ig raph ic   s ec t ions  of ,:he coal-bear ing 
rocks were measured u s i n g  pogo  s t ick or cha in  and clinometer.  Gmb  and 
c h a n n e l   c o a l  samples were c o l l e c t e d  for p e t r o g r a p h i c   a n a l y s i s .   k s u l t s  
w i l l  be   inc luded   wi th   the  1 : l O  000 geologic  maps  when they are publ ished.  

STRATIGRAPHY 

Sedimentary  rocks  of  the  Jurassic-Cretaceous  Kootenay Group conpr i se   t he  
sou theas t   Br i t i sh   Co lumbia   coa l f i e lds .  The Kootenay  Group, as def ined  by 
Gibson  (1979) .   consis ts   of   the   Morr issey,  Mist Mountain,  and Elk Forma- 
t ions .  

The basal  Morrissey  Formation i s  a prominent ,   c l i f f - forming  sandstone 
u n i t  t h a t  c o n s i s t s  of the Weary Ridge and Moose Mountain members. Pre- 

Mountain member were noted a t  the  south  end of Burnt  Ridge  and on  Teepee 
viously  unrecorded  occurrences of a pebble  conglomerate facies oE Moose 

Mountain. A r e c e s s i v e   i n t e r v a l  o f  3 metres th ickness ,  ,which inc ludes  a 
carbonaceous  zone,  occurs 8 metres below the  top  of  tht? k o s e  M m n t a i n  
member a t   t h e   s o u t h  end  of W l r n t  Ridge. It probably c:orrespond!j t o  a 

Mountain member a t  L i n e  Creek  mine.  Although i t  is  of no economic s i g n i -  
thin  carbonaceous  shale  and coal pa r t ing   t ha t   occu r s   h ' i t h in   t he  Moose 

f i cance ,  it may a f f e c t   s t a b i l i t y   o f  a mine  s lope  OK a wall  formed  of t he  
basa l   sands tone .  

The ove r ly ing  Mist h b u n t a i n  Formation,  which  consists o f  interbedded 

metres th i ck   i n   t he   s tudy  area (F ig .   9 ) .  ?WO complete sect ions  measured 
sands tone ,   s i l t s tone ,   nuds tone ,   sha l e  and coa l ,  i s  on ithe order  of 500 

west of t h e  trace of  t h e  E w i n  Pas s   t h rus t  ( A  and B on Fig. 9) are 587  and 
5 5 0  metres r e s p e c t i v e l y   i n   t h i c k n e s s .  The one  conplete   sect ion  measured 

2 3  



e a s t  of t h e  Ewin P a s s   t h r u s t  (D on Fig. 9) is only 430 metres i n   t h i c k -  
ness .  ' Ih i s   cont ras t  i s  s imi l a r   t o   t ha t   r epor t ed  from north  of   the   s tudy 
area   (Gr ieve ,  1 9 8 2 ) .  

A 217-metre  zone  with no coa l  seams  forms the immediate  hangingwall of 
t h e  Ewin P a s s   t h r u s t   a t   s e c t i o n  C on Mount Michael  (Fig. 9).  Cor re l a t ion  
between  the  barren  zone i n  s e c t i o n  C and s e c t i o n s  A and B is unce r t a in  
because no conparable   zone  occurs   in   these  sect ions.   North  and  south  of  
s e c t i o n  C,  where t h e   f a u l t  i s  local ly   lower i n  t h e   s t r a t i g r a p h y ,  a th ick-  
ened  coal  seam of  up t o  20 metres apparent  thickness  occurs.   Approxi- 
mately 1 2  coa l   zones ,   i nc lud ing   nu l t i p l e  seams,  occur i n  the  upper  250 
metres  of Mist Mountain  Formation i n   s e c t i o n  C, s e c t i o n s  A and B have 
fewer cooparable seams. 

The re   a r e   a l so   s t r i k ing   con t r a s t s   be tween   s ec t ion  C,  in   the   hangingwal l ,  
and   sec t ion  D, i n   t h e   f o o t w a l l  of t h e  Lkin Pass   t h rus t ,   r e spec t ive ly .  

p l a t e   because   t he re   a r e  numerous coa l  seams i n  the  top 150 t o  250 metres 
The u p p e r   p l a t e  on MOunt Michael i s  r ead i ly   d i s t i ngu i shed  from  the  lower 

of the  upper   plate .  

No coople te  Mist Mountain sect ions  are   exposed on Horseshoe  Ridge,  Teepee 
Mountain,  or Crown Mountain.  Horseshoe k d g e   c o n t a i n s  a n  es t imated  350 
t o  400 metres  of  section,  of  which  the  lowest 311 metres were measured ( E  
on  Fig. 9).  A resemblance  to   the  lowest  250 metres   of   sect ion on Mount 
Michael (D on Fig. 9) is  appa ren t ,   a l t hough   s ign i f i can t   f ac i e s   changes  
have  occurred  between  the two sites. 

S imi l a r ly ,   t he re   a r e  no conple te  Elk Formation  sections i n  the  s tudy 
a rea .   In   t he  Mount Banner a r e a   t o   t h e   n o r t h ,   t h e  Elk  Formation is 
e s t i m a t e d   t o  be on t h e  order  of 300 metres i n  t h i c k n e s s .   S t r a t a  of the 
Elk  Formation a r e  similar i n  most r e spec t s   t o   t hose  of t he  Mist Mountain 
Formation. The presence of Elk  coa l ,   an   a lg in i t e - r i ch   canne l   coa l ,  i s  
used to d i s t i n g u i s h   t h e  E lk  Formation  from  the Mist Mountain  Formation. 
O t h e r   c r i t e r i a   i n c l u d e  a lack  of  coal seams greater  than  about  1.5 metres 

presence  of  a pebble  conglomerate,  which  crops a t  i n   t h e   c o r e  of the 
i n  th ickness  i n  the E l k ,  a g r e a t e r  number  of sandstone u n i t s ,  and the  

Alexander C r e e k  s y n c l i n e  t o   t h e   e a s t  of s ec t ion  B. 

p l a c e d   e i t h e r   a t  t h e  f i r s t   o c c u r r e n c e  of  needle  coal or a t  a l o c a l l y  
The contact   between  the Mist Mountain  and  Elk  Formations i s  gene ra l ly  

mappable ,   res i s tan t   sands tone  u n i t  wh ich   appea r s   t o   s epa ra t e   s t r a t a  of 

channel   sands tones   def ines   the   contac t   immedia te ly   nor th   o f  Noname Creek. 
t h e  two formations.  For  example, a ve ry   p rominen t   s e r i e s   o f   r e s i s t an t  

The study  area i s  p a r t  of t h e  L e w i s  thrust   p la te ;   the   Alexander   Creek 
sync l ine  i s  the dominant   s t ructure .  I n  t h e   n o r t h   p a r t  of the   a rea   the  
fo ld   ax i s   p lunges  to the   nor th  down  Dry Creek  (Fig. 7) a s  i t  passes  
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between  Fhrnt  Ridge (west limb) and Mount Michael (east  1.imb).  South  of 
Noname Creek it passes through  the east  s lope  of Line  Creek  Ridge,  where 
i t  separates Line  Creek  minesite (west limb)  from  Horseshoe  Ridge (east  
l imb) .  Near Line  Creek  the  axis is t runca ted  by t h e  Ewin Pass   thrust .  
Its t r a c e   b e n e a t h  (east  o f )   t h e   t h r u s t  is n o t  clear, a l though two very 

irregular s y n c l i n a l   c o n f i g u r a t i o n  (Fig.  7 ) .  
thin  remnants   of  Kootenay  Group on Teepee Mountain are i n  a gene ra l   bu t  

Alexander  Creek  syncline i s  well d e f i n e d   i n   t h e   u p p e r  p l a t e  of t h e  major 
t h r u s t  a t  Crown Mountain  (Fig. 8) .  The lower plate  a t  t h i s   p o i n t  i s  a 
west-dipping  monocline. 

The second major s t r u c t u r e  i n  the   s tudy   a rea  i s  the  west-dipping Ewin 
Pass   t h rus t   (F ig .  7). Its most s i g n i f i c a n t   e f f e c t  was to emplace Mist 
Mountain  Formation  over Elk Formation on Mount Michael  with  approximately 

o c c u r   i n  a s e t t i n g   t h a t  i s  su i tab le   for   open-p i t   min ing .   Cont ras t s  i n  
600 metres of ve r t i ca l   d i sp l acemen t .  As a r e s u l t ,  numerous c o a l  seams 

below  the Ewin Pass t h r u s t   f a u l t  (C and D on Fig. 9 )   s u g g e s t   t h a t   t h e r e  
th i ckness   and   l i t ho log ie s   o f  Mist Mountain Formation s e c t i o n s  above  and 

was a s ign i f i can t   ho r i zon ta l   d i sp l acemen t .  

To the   sou th  of Mount Michael  the Ewin Pass   th rus t   cu ts   down-sec t ion   wi th  
loss i n   e l e v a t i o n .   S o u t h  of  Line  Creek it rmst be within  the  'Fernie 

Mountain i s  a l s o   t h e  Ewin Pass t h r u s t ;  i t  emplaced t h e   t o p   p a r t  of t he  
Group. It is  n o t   e n t i r e l y  clear a t  t h i s  time i f   t h e   t h r u s t  a t  Crown 

F e r n i e  Group  and b a s a l   p a r t  of t he  Kootenay Group o v e r   t h e   b a s a l   p a r t  of 
t h e  Kootenay Group with  approximately 200 metres v e r t i c a l   d i s p l a c e m e n t  
(Figs .  7 and 8 ) .  

n i z a b l e   i n   t h e   f i e l d   b e c a u s e  of a s soc ia t ed  complex, small.-scale deEorma- 
Aside  from s t r a t i g r a p h i c   e v i d e n c e ,   t h e  Ewin P a s s   t h r u s t  is a l s o  recog- 

sheared  coal seams. Similar f e a t u r e s  also character ize   rumerous smaller 
t i on   f ea tu re s   i nc lud ing   d rag   fo lds ,   ove r tu rned   zones ,  and  thickened  and 

t h r u s t   z o n e s   i n   v a r i o u s  par ts  of the   s tudy  area, p a r t i c u l a r l y   i n   t h e  east  

c o n p l i c a t i o n s   i n  the  area inc lude  a f a u l t e d ,  t i g h t  sync l ine  affectilng the  
limb  of  the  Alexander  Creek  syncline.  Other smaller scale s t r u c t u r a l  

Morrissey  and  basal Mist Mountain  Formations a t  the   sou th  end  of 'Horse- 

Of note  are numerous th rus t - r e l a t ed   d i sp l acemen t s  and r e p e t i t i o n s  of the 
shoe  Ridge; it may a l s o  b e   r e l a t e d   t o  movement on the  ENin Pass   th rus t .  

Morrissey  Formation  (Fig. 71, and a series of pos t - th rus t ing ,   c ros scu t -  
t i n g   b l o c k   f a u l t s   i n   t h e  Crown kbuntain  area  (Fig.  8 ) .  The s i g n i f i c a n t  
overturned  panel  found on m r n t  Ridge (west l imb)   t o   t he   no r th  (Grieve, 
1982)   does   no t   ex tend   in to   the   s tudy  area. 

We g r e a t l y   a p p r e c i a t e   t h e   f i e l d   a s s i s t a n c e  of a z a n n e  Cannon andl Greg 
Campbell. Crows Nest Resources   L imi ted   s ta f f   a re   thanked   for  permitt ing 
access to   the   L ine   Creek  mine area.  
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GEOLOGY AND MAGNETOMETER SURVEY OF THE SAPPHO 
GOLD-SILVER-PLATINW-COPPER PROSPECT 

( 82E/2 

By B. N. Church and S. Robertson 

INTRODUCTION 

This   r epor t   desc r ibes   r e su l t s  of  a geologica l  and magneto~neter  survey of 
t h e  Sappho  Crown-granted  claim  located  near  the  International  Eoundary, 
approximately 4 k i lomet res   south  of  Boundary F a l l s  and  5 k i lome t re s   ea s t  
of  the town of Midway.  The claim is  currently  undergoing  re-examination 
for   copper   and   prec ious   meta l   po ten t ia l  by Kettle  River  Resources Lt.d. 

HISTORY 

imate ly  53 ppm s i l v e r  and 6 per   cen t   copper  were  shipped  to  the  smelter 
According t o   M i n i s t e r  of Mines r epor t s ,  100 tonnes of ore  grading  approx- 

from  the  Sappho  claim ( M I  82E/SE-147) during  the  per iod 1916 t o  1918. 
Workings on the   p rope r ty   cons i s t  of s e v e r a l   p i t s ,  a s h a f t ,  and an. a d i t  
d a t i n g  from  1927  and e a r l i e r .  A grab  sample of ore  taken from  one of the 
p i t s   a s sayed  3.2 per  cent  copper and 0.9 ppm platinum. 

and  geophysical  surveys. I n  t he  period  1963  to 1964,  Triform Mining  Ltd. 
Recent work includes  t renching,  d r i l l i n g ,  rock sampling, and geologica l  

and   Coas t   Eqlora t ion   Ltd .   repor ted   resu l t s  on the i r   t re l lch ing  and. rock 
sampling  program.  Apparently  one  15-metre  section  assayed  0.2  per  cent 
copper,  a second  section  of 6 metres  averaged 0.44 per  cent  copper,   and a 
t h i r d   s e c t i o n  of 6 metres averaged 0.8 per  cent  copper.  The ope ra to r s  
a l s o   r e p o r t e d  a s h o r t   h i g h - g r a d e   s u l p h i d e   d r i l l   h o l e   i n t e r s e c t i o n  
assaying 28 ppm gold. 

Rock sampling  performed by Si lver   Standard Mines,  Limited i n  1967 appar- 
e n t l y   y i e l d e d  0.7 per   cent   copper   across  9.5 metres i n  ii t rench  near  a 
n o r t h  showing and 0.1 5 per   cen t  copper across 1 7  metres i n  a trench on 
t h e   s o u t h   p a r t  of the  c la im (see Fig.   10) .  

Addi t iona l  work w a s  performed in   t he   pe r iod  1975  and  1978 by C.O.M. 

p la t inum,  quot ing  values   for  this element i n  the  range 0.6 t o  1.8 ppm 
Stewar t  and McIntyre Mines Limited. They confirmed t h e  presence of 

from spot  sampling. 

Kettle  River  Resources  Ltd.  acquired  the  Sappho  claim and the  surrounding 
area i n  1981 and  renewed e x p l o r a t i o n   a c t i v i t i e s .  

GEOLOGICAL SEl’l’ING 

of  t h e  g e o l o g i c a l   p i c t u r e  from s c a t t e r e d   m t c r o p s  i n  t renches,  i n  p i t s ,  
Bedrock  exposure i n  the Sappho area  i s  minimal,   revealing  only  fragments 

and on a few h i l l t o p s  ( F i g .  1 0 ) .  
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Figure 10. Geolog and magnetoneter  survey ot the Sappho  prospect. 
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?he pr inc ipa l   rock   types   a re  a mic rod io r i t e ,  which  forms a s tock  t h a t  i s  
exposed i n   t h e  cen t ra l  area and  near   the  southeast   corner  of the  c la im,  
and  younger  (Eocene)  Cbrye11-type  bodies.  Greenstones  hosting  both 
i n t r u s i o n s  are exposed  near the east boundary of the  c.taim  and :in t he  
south-cent ra l   a rea .   Sca t te red   occur rences  of serpent in i te   have   been  

a re  a l s o  found. 
r e p o r t e d   i n   t h e   n o r t h e r n  area where c h l o r i t i z e d   r o c k s   w i t h   m i n e r a l i z a t i o n  

The minera l ized  area i s  d e l i n e a t e d  on t h e   e a s t  by t h e  eas$:-bounding f a u l t  
of  the  'Ibroda  Creek  graben  and on the   no r th  by a major   nor theas t - t rending  

b r e c c i a t e d  basement rocks  of   apparent   landsl ide  or igin  caused by major 
f r a c t u r e .   T e r t i a r y   r o c k s  are found to  the  north  and  include a h i l l  of 

f a u l t i n g  (Monger,  1968, p. 27) .  

MINERALIZATION 

of  lode-type  copper-platinum mine ra l i za t ion  a s soc ia t ed  with a l k a l i n e  
The  Sappho p rospec t  i s  one  of t he  few known occurrences i n  t h e  province 

intrusions.   Other   examples  are the Maple Leaf showing i n   t h e  EYanklin 
camp n o r t h  of Grand Forks  and  the  Copper bbunta in  depos i t   near  
Pr ince ton .  

C o r y e l l   a l k a l i n e   i n t r u s i o n s  a t  Sappho h o s t   t h e   m i n e r a l i z a t i o n   b o t h   a t   t h e  
c e n t r a l  showings  and  near  the  northeast   corner  of  the claim. The p r i n c i -  
pa l   phases   o f   the   Corye l l   rock  are pyroxenite  (sh0nkinit.e)  and  pyroxene 
monzonite.   Subsidiary  phases  include small peqmatoid  amphibole-rich 
s e g r e g a t i o n s  and a l k a l i   f e l d s p a r - r i c h   d i f f e r e n t i a t e s   t h a t  commonly occur 
as dykes  or  apophyses. 

Mine ra l i za t ion   cons i s t s   o f   py r i t e - cha lcopyr i t e   d i s semina ted   i n   shea r  

b i o t i t e   s h o n k i n i t e   a n d   s e r i c i t i z e d   f e l d s p a t h i c   p h a s e s .   s u l p h i d e s  are a l s o  
zones  and  forming  irregularly  shaped  blebs  and  pods  of  sulphide  in 

magnet i te   near   what   appear   to   be  intrusive  margins .  Vei:llets of c a l c i t e  
found   l oca l ly  i n  skarn- l ike   assemblages   o f   ch lor i te ,   ep id ,> te ,   garne t ,   and  

are common i n  the mineral ized  areas ,   however ,   quar tz   veins   are  f e w .  

Relations be tween  se rpent in i te   and   minera l iza t ion  are uncs r t a in .  Eerpen- 

e x c a v a t i o n s   i n   t h e   n o r t h e a s t   a r e a ,   a r e   e v i d e n c e  of shearfin9  and  probably 
t i n i t e   f r a g m e n t s ,  which a r e  common i n  t he  dumps of some old  col . lapsed 

a major f a u l t  zone. 

MAG- SURVEY 

A magnetometer  survey was conducted on t he  Sappho p rope r ty  to complement 
the  geology,  which is  poorly  understood  because  of   extensive  qlacial  
cover .   Exis t ing  roads  and  the  surveyed  l ine  system were u t i l i z e d   f o r  
access and  geographical   control .   Standard  f ie ld   methods were employed 
us ing  a  McPhar 700 fluxgate  magnetometer  with ver t ica l  sensor   configura-  
t i o n .  
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The r e s u l t s  of a s c a t t e r i n g  of 146 s t a t i o n s  across t h e  area show a range 

magnet ic   contours  shown on Figure 1 were genera ted   accord ing   to   the  mov- 
of  approximately 4 000 gammas ( t h a t  is, 36 t o  -4 scale d i v i s i o n s ) .  The 

Fieldwork,  1980 (B.C. Ministry  of  Energy, Mines  and  Petroleum  Resources, 
ing  average  procedure  using a computer  program  described  in  Geological 

Paper 1981-1,  pp. 25-32) u s i n g  a 50-metre radial i n t e g r a t i o n   d i s t a n c e   a n d  
a r a d i a l   w e i g h t i n g   f a c t o r   c a l c u l a t e d  as follows: 

S = S + ( l / R )  the  sum of  weighted  factors  and 
t h e  moving average = T/S 

R being  the  radius   of   integrat ion  and 
T = T + [A*(l /R)I   the sum of weighted  dis tances ,  

A t he   f i e ld   r ead ings   w i th in   t he  area o f   i n t e g r a t i o n  

Two typograph ica l   e r ro r s  i n  the   o r ig ina l   p r in t ing   of   the   computer   p rogram 
(Table 1 ,  p. 27) are as follows: 

Line 160 s t a t emen t  I F  SQR ( A ( 1 )  - + ( 2 ( 2 )  - Q*;) should  read 

Line 220 s t a t emen t  P = P + 0 should  read P = P + 1 .  
I F  SQR ( A ( 1 )  - p )  + ( A ( 2 )  - Q) 

e r n  mineral  showings  and  trenched area, a magnetic trough to the  north- 
The survey shows a magnetic low immediately e a s t  and  sou th  of the north-. 

west co inc iden t   w i th  a topographic l ineament ,  and  what  appears to be a 
magne t i c   d ipo le   i n   t he  area of n ic rodior i te   exposures   near   the   south  
boundary  of  the map-area. The r e s u l t s   a p p e a r   t o   c o n f i r m   t h e   p r e v i o u s l y  
i n f e r r e d   p o s i t i o n  of a m a j o r   f a u l t  on the   north.  They a l s o   s u g g e s t   t h a t  
t h e   c h l o r i t i z e d   c o n t a c t   z o n e   e x t e n d s   t o  the east  and south   o f   the   nor th-  
e r n  t renches  and may extend to zones  of   faul t ing or a l t e r a t i o n   r e l a t e d  t o  
the   con tac t s   o f   t he   mic rod io r i t e .  The f e a t u r e s   o f f e r  some  new i n t e r p r e t -  
ations  of  the  geology  and  re-evaluation of e x p l o r a t i o n   t a r g e t s .  
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TABLE 1. CHEMICAL  ANALYSES  OF  BASALTS FROM THE  OKANAGAN  HIGHLANDS 

1 2 
O x l d e s   r e c a l c u l a t e d   t o  100 

TI02 
SI02 47.84 

A I  203 17.08 

2.21 

Fe203 4.56 
FeO 8.31 
MnO 0.18 

Mg 0 6.65 

%Q 3.61 
K 2 0  1.00 

CaO 8.56 

Oxides  as  determined 

H20+ 
Hz* 
c 4  

p205 

1. 13 
0.68 

S 
<o. 1 
<o. 0 1 

0.42 
0.02 
0.06 

Bao 
S r O  

Ab 
O r  5.94 

32.56 
Ne - 
An 27.60 
wo 
En 

6.02 

FS 
3.42 

Fo 
1.23 

11.27 
Fa 
I1 

4.06 

M t  
3.09 
4.79 

Car - 

48.30 
3.21 

17.22 
4.62 
9.01 

4.40 
0.20 

4.08 
7.51 

1.45 

1. I8 
1.00 
0.06 
0.01 

0.06 
1.26 

0.10 

8.69 
37.14 - 
24.75 

2.01 
5.2 1 

7.73 
1.04 

4.53 
3.99 

4.90 - 

3 4 

48.69 49.77 
2.07 

15.93 16.44 
2.06 

2.95 5.40 
9.28 9.17 
0.18 0.22 
6.96 3.88 
8.74 
3.88 4.35 

6.95 

1.32  1.76 

0.60 1.21 
0.50 0.79 
2.63 0.21 
0.02  0.04 
0.55 1.05 
0.04 
0.09 

0.10 
0.07 

Molecular Norm 

7.80 10.55 
33.11 39.62 

I .02 - 
2 2 1 6  20.44 
8.47 5.82 - 2.38 - 1.69 

14.41 6.36 

2.88 2.91 
7.08 4.50 

3.08 5.73 - - 

5 

48.63 

18. I6 
2.00 

3.34 
8.90 
0.19 
5.22 
8.14 
4.06 
1.36 

0.82 
0.73 
2.08 
0.02 
0.7 1 

0.07 
0.03 

34.31 
8.06 

27.40 
1.34 

5.24 - 
- 

1 0 .  84 
6.52 
2.79 
3.50 - 

6 

49.67 

17.84 
3.06 

4.57 
7.67 
0.18 
4.18 
7.46 
4.18 
1.19 

1 . 1 1  
0.78 
0.17 
0.01 
0.22 
0.07 
0.09 

37.94 
7.1 I 

- 
26.71 
4.28 
7.78 
3.00 
2.92 

4.31 
1.12 

4.83 
- 

7 

50.09 

16.21 
2.35 

4.28 
8.08 
0.18 
6.31 
6.60 
4.21 
1.69 

1.70 

<O. 07 
1.03 

0.02 
0.32 
0.06 
0.07 

10.00 
37.84 

20.39 

- 
4.96 
3.70 
1.33 

10.31 
3.7 I 
3.28 
4.48 - 

8 

50. 85  

17.58 
2.48 

4.14 
7.79 
0.23 
3.95 

5.04 
5.86 

2.08 

0.81 
1.07 

0.01 
0.70 
0.07 
0.1 1 

<o. 1 

4 2  42 
12.32 

19.26 
1.75 

3.95 - 
8.20 
4.3 1 
3.46 
4.34 

- 

- 

Key t o  Analyses 

2. P y r o x e n e o l l v l n e   b a s a l t   e a s t  of  Har r l sCreek .  
1. Pyroxene- l l v lne   basa l t  on bong kbunta ln ,   east  of Qama bke.  

3. & v e r s e d   o l l v l n e   b a s a l t  above King  Eh*ard  Week,  south of Coldstream (K /Ar  whole 

4. B a s a l t   w i t h   b l a d e d   p l a g i o c l a s e   p h e n o c r y s t s   w e s t  of  Oyam Lake. 

6. P y r o x e n e o l l v l n e   b a s a l t  7 k l   l o m t r e s   s o u t h e a s t  of  Colds t ream 
5. O l l v l n e   b a s a l t  5 k l  l o m t r e s   s o u t h e a s t  of (bidstream. 

8. O l l v l n e   b a s a l t   w e s t  of  Oaves Creek ( K / A r  whole r o d  d a t e  of  14.920.9 Ma). 
7. B a s a l t   w l t h   l h e r z o l l t e   l n c l u s l o n s   I n   t h e  a l z z l y  H i l l s  area. 

ro& da te  of 20.4f1.4 Ma). 
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GEOLOGY AND I4AGNETOSTRATIGRAPHY OF UIOCENE BASALTS OF THE OKANAGAN 

HIGHLANDS, BRITISH COLUMBIA 
(82L/2, 3 )  

By B. N. Church and U. Suesser 

S e v e r a l   o u t l i e r s  of  Miocene b a s a l t  have  been  delineated by r ecen t  mapping 
i n  t h e  Okanagan Highlands  south and sou theas t  of  Vernon. lhe t o t a l   a r e a ,  
unde r l a in  by lavas   and  breccia ,  i s  about 200 square   k i lomet res   (F ig .  1 1 ) .  

were  deposited on placer -bear ing   grave ls .  Generally  they  cover a r o l l i n g  
Local ly   these volcanic  rocks,  which  range i n  age  from 1 4 . 9  t o  20.4 Ma, 

t e r r a n e  of c rys ta l l ine   basement   rocks .  The basa l t   fo rmat ion ,   d iv ided  
l o c a l l y   i n t o   t h r e e  members by in te rbedded   vo lcanic las t ic   rocks ,   has  a 
maximum th ickness  of about 340 metres  comprising more than 15 i nd iv idua l  
f lows  (Fig.  1 2 ) .  

The basa l t s   range  from v i t rophyr i c   t o   suga ry - t ex tu red   va r i e t i e s ,   t he  
l a t t e r   h a v i n g   g r e a t e s t   m a g n e t i c   s u s c e p t i b i l i t y .  A few lava  f lows  are 
c h a r a c t e r i z e d  by large  bladed  phenocrysts  of p l a g i o c l a s e   o r ,   l e s s  
commonly, lherzo l i te   xenol i ths .   Chemica l   ana lys i s  show t h a t  most of t he  
rocks   a r e  normal o l i v i n e   b a s a l t s   ( T a b l e  l ) ,  although a  few samples  are 
s l i g h t l y   e n r i c h e d  i n  alumina and a l k a l i s .  

i n d i c a t e   t h a t   t h e   p l a c e r   g r a v e l s  a r e   a s s o c i a t e d  wi th   ' r eversed '   k ' asa l t s  
Pre l iminary   magnetos t ra t igraphic  s tud ie s   u s ing  a fluxgate  magnetometer 

of   the  lowest  member. Younger b a s a l t s  i n  the  succession  have  'normal' 
p o l a r i t y ,  however,  magnetic  vectors show a  marked range i n  azimuth and 
ang le  of  plunge  (Fig. 1 3 ) .  Success i n  the  magnet ic   determinat ions was 
dependent i n  large  measure on the   near   hor izonta l   beddinq   of   the   k ' asa l t s  
w h i c h   d i d   n o t   r e q u i r e   a r b i t r a r y   r o t a t i o n  of magnet ic   vectors   or   other  
man ipu la t ion   o f   t he   da t a   t o   r e s to re   bedd ing   a t t i t udes .   Cor rec t ions   fo r  
azimuth  measurements  from  sun  bearings a t  sample s t a t i m s  were  applied 
according  to  the  computer  program i n  Table 2. 

TABLE 2. C W U T E R  PROGRAM FOR SIGHT REDUCTION  CALCULATION OF SLlN AZIWTHS 

IO SELECT PRINT  21 I (  156) 
20 PRINT  'SIGHT REDUCTION CALlLATION FOR SUN  AZIMU1-H 
30 INPUT 'DAY OF YEAR, I C 
4 0  INPUl  'TIME I N  HOURS DECIMALS,' A 
50  INPUT 'LONGITUDE I N  DECIMAL  DEGREES, * B 

70 H = IY(A-12) + (120-8) 
60 INPUT 'LATITUDE I N  DECIMAL  DEGREES,' L 

80  D = -23.5*C0S(O.O2YCtC) 

5 SELECT D 

90 T = A R C S I N ( ( S I N ( O ) S I N ( L ) ~ O S ( D ) F O S ( L ) F O S ( H ) ) )  
100 X = ARCCOS((SIN(D)-SIN(L)*SIN(T)) / (COS(L)"COS(T): I )  
110 IF H<O  THEN 130 

130 Z = X: FRINT 2 
120 I F  H>=O THEN 140 

135 END 
140 Z = 360-X: PRINT 2: GOT0 135 
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Figure 12. [*I11 hole sect lons of basa l t   and  
channel  deposlts. 
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Figure 13. Magnetic  vectors in basalt   Iavas. 
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Mining  explorat ion i s  focused on gold  and  uranium-bearing stream channel  
d e p o s i t s  below the b a s a l t .  %e King Edward placer ( l a t i t u d e  50 degrees ,  
11.3  minutes;   longitude  119  degrees,  11.2 minutes)  south  of  Coldwater i s  
a t y p i c a l  example. The placer gold   occurs   in   loose   sand ,   pebbles ,   and  
cobbles  weathered  from a Miocene  conglomerate  channel  underlying  the 
b a s a l t   b l u f f   o v e r l o o k i n g  King Edward Creek. The channe l   depos i t ,  which 
h a s  a maximum thickness  of  about  160 metres, has  been  prospected  along 

by  Harry  Arnold  of  Vernon.  In  the la te  1970's   the  same channel  was t h e  
s t r i k e  for about  2 ki lometres ,   and is  c u r r e n t l y  worked  on a small scale 

target  of a uranium  diamond-drill  program. 

Winf ie ld  placers are near   the  base of t h e   b a s a l t   b l u f f   n o r t h e a s t  of 
W i n f i e l d   ( l a t i t u d e  50 degrees ,  3.5 minutes;   longi tude  119  degrees ,  19.7 
minu tes ) .  A b u r i e d   f l u v i a l   d e p o s i t  i s  the   source   o f   the   p lacers .  I t  

d a n t   q u a r t z   c l a s t s .   A c c o r d i n g  t o  Jones   (1959) ,  more than 2 300 grams  of 
cons is t s   o f   l igh t -co loured   sands tones   wi th   conglomera te   beds   wi th  abun- 

gold were obtained  between  1933  and 1945  from a series of small a d i t s .  

The exac t   age  of some of the channel  deposits is c o n t r o v e r s i a l .  Two 
d e p o s i t s  of   po lymic t ic   conglomera te ,   sha le ,   and   sands tone   in   the  Harris 
Creek area are as soc ia t ed   w i th   an  Eocene r h y o l i t e  complex da ted  a t  48.3 
Ma. Pdjacent   and   over ly ing  Miocene b a s a l t   l a v a s  have  'normal '   polariza- 
t i o n ,   u n l i k e  t h e  lower basalts i n  the Winfield  and midstream area. 
Placer p o t e n t i a l   i n   s u c h  Eocene  channel deposits is thought  to be low. 
They  probably  form part of t he  Eocene h ighland   te r rane  upon  which t h e  
Miocene b a s a l t s  were depos i ted .  
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LEECH RIVER AREA, VANCOUVER ISLAND 
(92B/5, 12) 

By G.E.P.  Eastwood 

INTRODUCTION 

Place r   go ld  was mined  from the  Leech River i n  q u a n t i t y  i n  1864  and  has 
been   t he   ob jec t   o f   i n t e rmi t t en t   p rospec t ing  and small-scale mining  since 
then. The r iver  name has  been  used  for  the  metasedhnentary  hedrock 

jux taposes   t he  Leech  River  Formation  against   the Ebcene  i-letchosin b a s a l t  
format ion  on  which the  placer d e p o s i t s  rest and f o r  a m a j o r   f a u l t  which 

sugges t ions  as t o  i t s  age have  ranged  from  Carboniferous to Cretaceous.  
t o  the   south .  The  Leech River  Formation  has  not  been  dated,   and 

The format ion   conta ins  numerous qua r t z  v e i n s  ca r ry ing  txace amounts  of 
gold,   and  Clapp  (1917)  concluded  that   the placer gold was derived  from 
them. 

In 1981  and  1982, fou r   p l ace r  miners  continued t o  wxrk s e c t i o n s  of 

p rospec t ing ,  RDbert  Eeaupre  had by the  end  of 1981  fourtd gold  i n  small 
Martins  Gulch, when the  volume of water permit ted.   After   years   of  

q u a r t z   v e i n s   i n   r o c k s  of t he  Leech River  Formation  west  of  the  upper 
Leech  River.  In  1982  Grizzly Pock Serv ices   L td .   s ta r ted  to d r i v e  a 
wa te r - supp ly   t unne l   fo r   t he  Greater V i c t o r i a  Water District. I t  w i . 1 1  run 
from  Deception  Gulch  toward  the  end  of  the new road   a long   t he   no r th   s ide  
of  the  Leech  River.  In 1981 t h e  writer made a reconnaissance  survey  of a 
s t r i p  between  the mouth of   the West Leech River  and  the Sooke River.   In 
1982  the  reconnaissance  across  the  Leech  River  Formation was completed t o  
Sooke  Lake. Sec t ions  of the   tunnel  were mapped, and a de ta i l ed   su rvey  
was made of the  lower par t  of Martins Gulch (see Fig.   14) .  

The area may be reached  from  Shawnigan  Lake Road v ia  Sooke  Lake Main and 
Leechtown Main. The former  bridge  over  the  upper Sooke River is, gone, 
b u t   a t  low water t h e   r i v e r  c a n  be  forded by truck  immediately  above i ts  
conf luence  w i t h  the Leech River. A l t e r n a t i v e l y ,  access w a s  from Saoke 
v i a   P a c i f i c  Forest Products'  Eoneyard  road. As haul ing  was i n  p rogress  
on  week days,  a r a d i o  was borrowed  from the  company.  The Greater 
V i c t o r i a  Water District  has   locked  gates  a t  the Sooke Iake  spj.llway, 
n o r t h  of  Macdonald Iake,  and on the  road  a long  the  north  s ide  of   the 
Leech  River  due  south  of  Macdonald Lake. In   addi t ion   to   bor rowing   keys ,  
i t  was n e c e s s a r y   t o   o b t a i n  permits f o r   s p e c i f i c   d a y s   t o  e n t e r  t h e  
watershed  behind  the  spil lway  gate and the Macdonald Road ga te .  

The p r i n c i p a l   t o p o g r a p h i c   f e a t u r e s  i n  t he   a r ea  are a r i d g e   i n   t h e  

between  the  tunnel  portal   and Sooke  Lake.  Macdonald Idke l ies  on the  
no r thwes t ,   t he   va l l eys  of t h e  Leech  and  Sooke  Rivers,  and a l a r g e   b a s i n  

h i l l   t o   t h e  east .  Martins  Gulch is a c t u a l l y  a V-shaped creek   va l ley   wi th  
l e v e l   f l o o r  of a v a l l e y   t h a t   s e p a r a t e s   t h e   r i d g e  from ,3 low, i r r e g u l a r  

a moderate   gradient .   Cutcrop is  semicontinuous i n  the  lower  half  of the  
gulch   and   a long   the   sec t ion  of t he  Leech  River  between  the  end  of  the 
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north-side  road  and lowest outcrop  area shown on Figure 14.  Exposure is 
f a i r l y  good to   t he   sou th   and  east  of  Sooke  Lake  and i n  road  cuts   between 
t h e   c a b i n  and a p o i n t  west of  Macdonald  Lake.  Elsewhere  outcrop is  
pa tchy  or nonexis ten t .  

GENERAL GEOLOGY 

metamorphosed  mixed c l a s t i c   s ed imen ta ry   rocks .  D i s t i n c t  l a y e r s  of 
The leech  River   Formation  in   this  area consis ts   mainly of deformed  and 

metamorphosed t u f f  and   vo lcanic   b recc ia  are exposed i n  Msrtins Gul.ch and 
o n  Leechtown Main.  Unbedded l i g h t   g r e y   b a n d s   i n   t h e   f i r s t  f e w  metres of 
t h e  water tunnel  and i n  exposures   around  the  portal  may also have  been 
t u f f s .  Unbedded g r e e n i s h   g r e y   s c h i s t s   i n   t h e   s p i l l w a y  and nor th   a long  
Leechtown Main are evidently  Clapp's  'Malahat  volcanics. '   Northward 
t h e s e   s c h i s t s   a r e   i n c r e a s i n g l y   g r a n i t i z e d  and pass g r a d a t i o n a l l y   i n t o  
g r a n i t i c   r o c k s   t h a t  Clapp ass igned   to   the   Cblqui tz .   Thin   shee ts   o f  
s l i g h t l y   g n e i s s i c   g r a n i t i c   r o c k  are exposed i n  a road c u t  on t he   no r th  
s i d e  of  the  Leech  River  about 800 metres west of the new br idge .  

Mixing  of  the  sediments was accomplished  mainly by i n t e r b e d d i n g   b u t  also 
by  incomplete or poor  sorting.  Definite  graded  bedding was not  found. 
The rocks are d e s c r i b e d   i n  terms of  the  metamorphosed  end members, 
q u a r t z i t e ,  s i l t i t e ,  and a r g i l l i t e .  The quartzi tes  are Eine  grained  and 
medium g rey   t o   wh i t e  i n  colour.  The t h i c k e r   q u a r t z i t t ?   u n i t s  commonly 
have a massive  core,  with  beds  above  and  below  delineated by pa r t ings   o f  
s i l t i t e  or a r g i l l i t e .  lhe s i l t i tes  are gene ra l ly   da rk   g rey   t o   b l ack ,  bu t  
a re  medium t o   l i g h t   g r e y   a l o n g   t h e  Leech River,  and, i n  one d i s t i n c t i v e  
u n i t   i n   M a r t i n s  Gulch,  they  are  yellow.  lhey are uniformly  thin  bedded. 
The a r g i l l i t e s  are b lack ,   do   no t  show in te rna l   bedding ,  a.nd are ph!y l l i t i c  
t o   s c h i s t o s e .  

a s  a reference sec t ion .  Numerous d r a g f o l d s   i n d i c a t e   t h a t   t h e  :section 
The we l l - exposed   s ec t ion   i n  Martins Gulch was mapped i n   d e t a i l   t o   s e r v e  

faces u n i f o r m l y   t o   t h e   n o r t h .   D e f i n i t e   s t r a t i g r a p h i c  tops were not  found 
but,  assuming the whole s e c t i o n  is not   overturned,  the f o l d   p a t t e r n  is  

a n t i c l i n e .  The rocks  were g rouped   i n to   s t r a t ig raph ic   packages   r e f e r r ed  
t h a t  of  younger  beds  r iding  southward  over  older  toward  the crest of an  

and  the  upper par t  is poorly  exposed,  any  system  of  designation  has to be 
t o  as un i t s .   S ince   t he   base   o f   t he   l eech   R ive r  Formaticm is  not  exposed 

a r b i t r a r y .  The d i s t i n c t i v e   v o l c a n i c  u n i t  was ass igned  No. 100,  and the  
o t h e r   u n i t s  numbered accord ingly .  An i n f e r r e d   f a u l t  bethzeen u n i t s  7 5  and 

complete. The u n i t s  are shown i n  p l an  on Figure 15 and the i r   l i - t ho loqy  
7 6  may s i g n i f y  a gap,   but   otherwise  the  sect ion  appears   to   be  most ly  

i s  summarized in   Table  1. The d i f f e r e n c e  i n  e leva t ion   be tween  the   base  
of u n i t  104  and the  road embankment is about  150 metres. 

north-side  road  and less c o n f i d e n t l y   i n   t h e   e x p o s u r e s  800 metres west of 
The con tac t   be tween   un i t s  66 and 67 can   be   i den t i f i ed  ne8.r the  end  of   the 

t h e  new br idge   over   the   l eech  River. Using the traces of t h i s  (contact 
de r ived  on F igu re   14 ,   t he   qua r t z i t e   un i t   sou th  of  Macdcnald  Lake should 
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vo lcan ic  u n i t  on Leechtown Main with u n i t  100 i s  t h e r e f o r e   p o s s i b l e ,  
correlate with any o r  a l l  of u n i t s  84, 86, and 88. C o r r e l a t i o n   o f   t h e  

a l though i t  is not  exposed  on  the  road  near Macdonald  Lake. The tunnel  
a s  shown rep resen t s  i t s  p o s i t i o n   i n  mid-June. The inne r  part  is mainly 
s i l t y   a r g i l l i t e  a n d   a r g i l l i t e ,   w i t h   i n t e r b a n d s   o f  s i l t i t e .  Three  quartz- 

q u a r t z i t e   u n i t s   i n  Martins Gulch. Ihe o u t e r  part  of t he   t unne l  is  d r iven  
i t e  uni ts   between 690 and 500 metres from  the portal  are comparable  with 

a r g i l l i t e .  A c o v e r e d   s e c t i o n   n o r t h e a s t   o f   t h i s  i s  probably  underlain by 
t h r o u g h   a r g i l l i t e   a n d  s i l t i t e ,  and  exposures   around  the  portal  are mostly 

r e c e s s i v e   a r g i l l i t e .  The v o l c a n i c   r o c k s   o v e r l i e   s i l t y   a r g i l l i t e  a t  the  
junc t ion   of   the   sooke  Lake and   kechtown  roads ,   bu t   quar tz i te   and  si l t i te 
on  the  Canadian  Nat ional   Rai lway  l ine  to   the east, i n d i c a t i n g  a discon- 
f ormi t y .  

Unit 

104 

103 

102 

101 

100 

99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

89 

TABLE 1. STRATIGRPPHIC  SECTION I N  LWER MARTINS GULCH 

L i t h o l o g  

b l n l y  b l a c k   a r g l   I l i t e ,   w i t h   m i n o r   q u a r t z i t e   i n t e r b e d d e d  I'n t h e  lower 
p a r t   a n d   g r e e n i s h  beds, p r o b a b l y   a l t e r e d   t u f f s ,   l n t e r b e d d e d   i n   t h e  
upper p a r t  of t h e  exposed  section. 

b s t l y   t h i n l y   I n t e r b e d d e d   q u a r t z i t e   a n d   a r g l l l l t e ,   w i t h   d a r k   g r e y  

t h e  top. 
si i t l t e   a t   t h e  b a s e   a n d   i n t e r b e d d e d   q u a r t z i t e   a n d   d a r k   g r e y   s l l t i t e   a t  

l n t e r b e d d e d   l i g h t   g r e y  slltlte m d   b l a c k   a r g i l l i t e  I n  t h e  lower pa r t ,  
o v e r l a i n  by mostly a r g l  I lite 

Main ly   dark  s i  l t i t e  and less q u a r t z i t e ;   l a y e r s  of  a r g i  I I i t e   n e a r   b a s e  
and I n   t h e  upper t h i r d  

Pard l i g h t   g r e e n   t u f f   a n d   v o l c a n i c   b r e c c i a .  

b i n l y   d a r k   g r e y  SI I t i t e .  

Argillite, s i l t y   i n  lower  part .  

Mainly s i  l t i t e  and  quar tz i te ,   both  in terbedded  and  as  separate  layers.  
M i n o r   l a y e r s   o f   a r g i   I l i t e   a n d   a r g i   I l l t e   i n t e r b e d d e d   w i t h   q u a r t z i t a  

Mainly a r g i l l i t e ;  minor Interbedded s l l t l t e  and  quar tz i te .  

O la r t z l t e .  

p a r t :   I n t e r b e d d e d   a r g i   I l l t e   a n d   q u a r t z i t e   + p e r   p a r t   c o n c e a l e d  
Lower p a r t :   a r g i l l i t e ,   i n   p a r t   i n t e r b e d d e d   w i t h   s i l t i t e .   M l d d l e  

M a i n l y   q u a r t z i t e ,   w i t h  s i  l t l t e   a t  base  and  top. 

a r g l   l l i t e   I n   u p p e r   h a l f .  
Sandy s i l t i t e  I n  lower h a l f  and  mainly  interbedded s l l t l t e  and 

P a l n l y   a r g i l l i t e ,   s i l t y   i n   p a r t ;  some i n t e r b e d d e d q u a r t z l t e  i n  middle 
a n d   a t  top. 

Q a r t z l t e   I n t e r l a y e r e d   w i t h  less s i   I t y   a r g l l l l t e .  

q u a r z t l t e  
Sandy s l l t i t e   i n t e r l a y e r e d   w i t h  less  s i l t y   a r g l l l l t e ,   a r g i l l i t e ,  and 
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TABLE 1. STRATIGRPPHIC  SECTION I N  LOWER MARTINS  GULCH (Continued) 

U n i t  

88 

87 

86 

85 

84 

83 

82 

81 

80 

79 

78 

77 

76 

75 

74 

73 

72 

71 

70 

69 

68 

67 

66 

L i t h o l o g  

Ma in l y   qua r t z i t e ;   l n te rbedded   w i th   da rk  S I  l t l t e  I n  upper  part .  

I s r k   g r e y   a n d   b l a c k   s l i t i t e .   b o u t  50 per  Cent exposed. 

b s t i y  g r e y   q u a r t z i t e ,   w i t h  some I n t e r b e d d e d   d a r k   g r e y   s l i t l t e .  

a n d   q u a r t z i t e   w i t h  an i n t e r l a y e r   o f  s i l t y   a r g l  l i lt6 
L a r e r   h a l f :   s i l t y  a r g i l l i t e ;   u p p e r  h a l f :   t h i n l y   I n t e r b e d d e d   s i l t l t e  

Q a r t z l t e .  

Si i t y   a r g l   l l l t e   c o n t a l n l n g   I n t e r l a y e r s  ot ye1 low q u a r t z 5 1   I t i t e .  

Ma in l y   qua r t z i t e ;  some I n t e r l a y e r e d   d a r k   g r e y   t o   b l a c k  s i  I t l t e .  

~ g l I l l t e a n d s l l t y a r g l l l i t e .  

Dark  grey s i  l t l t e   c o n t a i n i n g   q u a r t z i t e  beds  and  layer. 

P r g l l l i t e a n d s l l t y a r g l l l l t e .  

V a i n l y  conpact   quar tz i te .  

Mainly b l a c k   a r g i   i i i t e ;  some q u a r t z i t e   i n t e r b e d d e d  i n  uppsr   par t .  

Maln ly  conpact, c l l f f - f o r m l n g q u a r t z i t e ;  I n  p a r t   d i r t y  and  Interbedded 
w i t h  s i  ltita 

P r g l i l i t e   c o n t a i n i n g  beds m d  lenses of quar t z i t e .  

a t  base  and  top. 
Canpact  interbedded s i l t i t e a n d   q u a r t z i t e   w i t h   t h i n l y   f o l i a t e d   s l l t l t e  

I n t e r b e d d e d   q u a r t z i t e   a n d   a r g i l l i t e  I n  l m e r   p a r t ,   o v e r l a l n  by s i l t y  
a r g l  I I it5 

M i x e d   u n i t ,   r a n g i n g   f r o m q u a r t z i t e   a t   b a s e   a n d   t o p   t o   a r g l   l l l t e  i n  
upper   ha l f .  

M a i n l y  a r g l  I laceous; maln l y  In te rbedded   qua r t z i t e   and  51 I t y  a r g l  I I i t e  

q u a r t z i t e   a n d   a r g l   l i i t e  I n  u p p e r   p a r t   w i t h  some I n t e r l a y e r e d   q u a r t z i t e  
I n  l a e r   p a r t ;  m a i n l y  a r g i l l l t e  i n  middle; mainly Interbedded 

and s i  itita 

M a i n l y  q u a r t z i t e ,  massive t o  slabby; 51 l t l t e   l a y e r   a t  base;  minor 
I nterbedded  argi  I I ita 

Prgi I I i t e .  

h n d y  51 l t l t e  and  in te rbedded  quar tz i te   and s i  I t i t e .  

S i l t y   a r g l l i i t e ,   w i t h  Some i n t e r b e d d e d   q u a r t z i t e  i n  upper   par t .  

M a i n l y  s l l t l t e   w i t h  some I n t e r l a y e r e d a r g l l l i t e .  
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Figure 15. Geology of k r t i n s  TuIch (for loca t ion  see Fig. 1 4 ) .  
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STRUCTURAL GEOLOGY 

Overal l ,   the   Leech  River   beds  dip and face   nor th-nor theas t  a t  moderate t o  
s teep   angles .   Loca l ly   they   have   over turned ,   s teep   south   d ips .  The 
s t r u c t u r a l   b e h a v i o u r  of  the  rocks is well displayed i n  Mart ins  Qdch. 
Mass ive   quar tz i te   does   no t  show fo ld ing   wi th in   ou tcrop  limits. Bedded 
q u a r t z i t e  is commonly c lose ly   d ragfo lded ,   wi th   l imb  d ips   decreas ing   to  as 
l i t t l e  a s  20 degrees i n  t he   cen t r e s  of some u n i t s .  The combination  of 
low i n t e r n a l   d i p s  and p i led-up   dragfo lds   has   g rea t ly   increased  t:te out- 

q u a r t z i t e  beds have been thrown i n t o  dragfo lds  t h a t  a.re approximately 
crop  width of many of t h e   q u a r t z i t e  u n i t s .  S i l t i t . e s  and i s o l a t e d  

i s o c l i n a l ,   w i t h   l i m b s   n e a r l y   p a r a l l e l   t o  a n  ax ia l   p lane   c leavage .  The 
c o n t a c t   d i p s   s h w n  on Figure 15 are   those  of nearby  unfolded  beds. 
Bedding  has  not  survived i n  t h e   a r g i l l i t e s ;   t h e y  show only a c leavage or 
s c h i s t o s i t y   p a r a l l e l   t o   t h e   a x i a l   p l a n e   c l e a v a g e .  Ihe : l a rges t   fo ld  seen 
i n  Mart ins  Gulch is an  overturned  syncl ine i n  q u a r t z i t e  :in the   upper   par t  

a n d   q u a r t z i t e   b e d s   i n   u n i t  73 show d rag fo lds   i nd ica t ing   ove r r id ing   t o  the 
o f   u n i t  72. Since  the  l i thology  does  not   repeat   north of t h i s   q u a r t z i t e  

ou t   a long   the   ax ia l   p lane   c leavage .  Some l a r g e r   f o l d s   a r e   i n d i c a t e d  i n  
south ,  it is assumed tha t   the   cor responding   an t ic l ine   has   been   sheared  

t h e   s e c t i o n s  west and  south  of Macdonald  Lake  and along  the  sooke  River 
b y   r e v e r s a l s   i n   t h e   d i r e c t i o n  of   overr iding,   but   they  do  not   appear   to  
r e p e a t  whole u n i t s .  

A t  the mouth  of Mart ins  Gulch, i n   t h e  Leech   R ive r ,   t he   s t ruc tu ra l   s ty l e  
changes. In t he   gu lch   s ec t ion  most dragfolds  are  complete,   whereas i n  
t h e   r i v e r  most  have  been  pulled  apart,  leaving  only  rod-like  thickened 
a x i a l   p o r t i o n s .  Also, drag fo lds   a r e  more  numerous, smal le r ,   and   t igh ter  
i n  t h e   r i v e r .   F i n a l l y ,   t h e r e  is a progressive  change i n  d i p  of f o l i a t i o n  
and remnant bedding  across the r i v e r   s e c t i o n .  Dips a r e   s t e e p   n o r t h  on 
t h e   n o r t h   s i d e   b u t   s t e e p   s o u t h  on the   south  s ide,   near   the Leec'h River 
f a u l t .  This changed s t y l e  i s  i n t e r p r e t e d   t o   r e p r e s e n t  a superimposed 
second  deformation i n  r e sponse   t o   i n i t i a l   compress ion  and subsequent 
tension  caused by movement on the   faul t   (Eastwood,  1982) .  

Quartz  veins are common in all t he  rocks, but  they are more abundant in 
a r g i l l i t e   u n i t s .  In t h e  Mart ins  Gulch sec t ion   there   appears   to   have   been  
l i t t l e  o r  no movement i n  t h e   a r g i l l i t e s   a f t e r   d e p o s i t i o n  of qua r t z  v e i n s  
a long  the f o l i a t i o n .  In c o n t r a s t ,   q u a r t z  i n  t h e   o u t e r   p a r t   o f   t h e  water 
tunne l  is i n  lenses and t h e   s c h i s t o s e   a r g i l l i t e   h a s  been  wrapped  around 

by a h igh   po l i sh  on t h e   s c h i s t   s u r f a c e   a g a i n s t   t h e   q u a r t z .  This s l i c k  
them, c r e a t i n g  a wavy t o   c u r l y   s c h i s t .   P o s t - q u a r t z  movement i s  ind ica t ed  

rock   presents  a ground-support  problem.  ?he  post-quarts: movement may be 
r e l a t e d   t o   f a u l t i n g .  M u l l e r  (1980)  has  postulated a Shawnigan f a u l t  

pos tu l a t ed   Su rvey   mun ta in   f au l t  which  juxtaposes   Ieech  Riwr  (and 
extending  a long Macdonald  Lake Valley and under  Sooke  Lake, o f f s e t . t i n g  a 

Malahat)   rocks  against   Colqui tz   gneiss .  However, as   a l ready   no ted ,   the  
Malaha t   s ch i s t s   pas s   g rada t iona l ly   i n to   t he   Co lqu i t z .  Any f a u l t  i n  t h i s  
p a r t  of  the area would have to   pass   southwes t   o f   the   sch is t s  and the 
sedimentary  beds  immediately  underlying them, and wou'Ld the re fo re  l i e  
wi th in   t he  Leech  River  Formation. Any movement under Macdonald Valley 
would  have to be s l i g h t   a s   t h e  u n i t s  appear to match  up ,across it. 

4 3  



Three small f a u l t s  are i n f e r r e d  to underl ie   Mart ins   Gulch  (Fig.   15) .  The 
nor th   one  i s  ind ica t ed  by r i g h t  hand o f f s e t  o f   t he   con tac t s  of u n i t  100, 
a n d   n o r t h e r l y   d e v i a t i o n s   i n   t h e   s t r i k e s   o f   b e d s   c a n   b e   a t t r i b u t e d  t o  drag  
on t h i s   f a u l t .   A t t i t u d e s   i n  the v ic in i ty   have  a r g i l l i t e  of u n i t  75 
s t r i k i n g   i n t o   q u a r t z i t e  of u n i t  76; a f a u l t  i s  pos tu l a t ed  to separate 
them. Movement would have to be l e f t  hand, as u n i t  74 i s  t o o   t h i n   t o  be 

hand   o f f se t   o f  two f a i r l y   d i s t i n c t i v e   b e d s ,   r e p r e s e n t e d  by bedding 
the   con t inua t ion   o f  76. A small f a u l t  i n  u n i t  71 is ind ica t ed  by r i g h t  

symbols  with  80-degree  dips.. An open   c r ack   i n   un i t s  71 and 72 l o c a l l y  

o t h e r  small c r o s s - f a u l t s  i n  the  area, which  could be de tec ted   wi th  good 
con ta ins   my lon i t e ,   bu t  no offse t   could   be   de tec ted .   There  are doub t l e s s  

exposure   and   de ta i led  mapping. 

AGE  AND CORRELATION 

No radiometric  ages  have been obtained  f rom  the  present  area. The 
n e a r e s t   d a t e d  samples (Wanless, et dl., 1978) are from  800 metres 
southwest   of  West Leech F a l l s ;   a c t i n o l i t e   s c h i s t   y i e l d e d  a K/Ar age  of 
41.122.8 Ma and sills i n t r u d i n g  i t  an age of  36.722.6 Ma. The a c t i n o l i t e  
r e p r e s e n t s  a much higher  grade of metmorphism t h a n  is found in t h e  
p r e s e n t  area, and  evident ly  was produced by a Tert iary  metamorphic   event  
peneconternporaneous  with  intrusion. A minimum age   for   the   Leech   River  
Formation is imposed by t h e   f a c t  that  the   over ly ing   Malaha t   sch is t s   mus t  
pre-date   the  Colqui tz .   Muller   (1980)   quotes  K/Ar d a t e s   f o r   t h e   C o l q u i t z  
ranging  from 131 to  1 8 2  Ma. The Malahat  and  Leech  River  must  therefore 
be  of  Eonanza age   o r   o lder .  Of the   var ious   format ions  on Vancouver 

resembles  a common type  of S icker  volcanic   rock.  lbe Sicker  sedimentary 
Island,  they  most near ly  resemble the   S icker  Group. Unit  100 c l o s e l y  

beds  exposed i n  Chemainus River  are somewhat th icker   than   the   th in   Leech  
R i v e r   b e d s ,   b u t   t h e i r   l i t h o l o g y  i s  similar and  they  have  been  folded  in  a 
similar way. The volcanic-sedimentary  sequence appears to   be   reversed ,  
and i t  is sugges ted   tha t   the   Malaha t  and Mech  River   together  are 
cor re la t ive   wi th   S icker   vo lcanic   rocks ,   the   sed iments   accumula t ing  
d i s t a l l y   t o   c o n t i n u e d   v o l c a n i s m   i n   t h e   S i c k e r   t y p e  area. Recent  usage by 
Mul le r   and   o thers   has   been   to   inc lude   the   Malaha t   in   the   Leech   River ,   bu t  
i t  is  much t h i c k e r   t h a n   t h e   v o l c a n i c   u n i t s   w i t h i n   t h e  Leech River and 
a p p e a r s   t o   o v e r l i e  i t  d isconformably ,   therefore  i t  is  u s e f u l   t o   r e t a i n  i t  
as a separate   formation.  

ECONOMIC GE0UX;Y 

The writer was shown nugget  and  f ine  gold  recovered  from  the  gravels i n  

p ropor t ion  of the  numerous quar tz   ve ins   in   Mar t ins   Gulch   and   in   the  
Mart ins   Gulch,   but  no v i s i b l e   g o l d  was found in   t he   bed rock .  A small 

t u n n e l   c o n t a i n e d   a p p r e c i a b l e   p y r i t e .  of n ine   py r i t i c   ve ins   s ampled ,   on ly  
one   con ta ined   go ld   o r   s i l ve r   above   t he   de t ec t ion  limit, and i t  had only 
0 . 3  ppn gold.  Shear  and  gouge  zones  appeared  barren. 
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above, the  Malahat s c h i s t s   c o n t a i n  d isseminated   cha lcopyr i te  and bo rn i t e .  
In t h e  sp i l lway  of Sooke  Lake dam, under   the  br idge  and  for  some di .s tance 

This  is e v i d e n t l y  a local ized  zone,  as mine ra l i za t ion  was not  found i n  
road and r a i lway   cu t s .  However, t h e   s c h i s t s  pass ou t  of the  waters:hed a 
s h o r t   d i s t a n c e  eas t  of the  Canadian  National  Railway l i n e ,  and 
p rospec t ing   t he re   fo r  similar zones i s  warranted. 
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A radiometr ic   age was obtained i n  1982 t h a t   r e q u i r e s   r e v i s i o n  of t he  
concept   of   the   Sicker  Group. The geology  of  the Mount Richards  area is 
shown on B r i t i s h  Columbia  Minis t ry   of   hergy,  Mines  and  Petroleum 
Resources   Prel iminary Map 40 and  described i n  Geological  Fieldwork, 1979. 
Br ie f ly ,   S icker   vo lcanic   and  less sedimentary  rocks  are   intruded by l a r g e  
dykes  and  i r regular   s tocks  of   gabbro-l ike  shonkini te .   This  is the 
gabbro-diorite  of  Clapp  (1917) and ev ident ly   the   d iabase  of Mul le r ' s  
(1980a. 198Ob) sed imen t - s i l l   un i t .  A QWac Minerals  Limited  diamond- 
d r i l l   h o l e ,   d r i l l e d  i n  or  about  1972,  passed  through  part   of  the  dyke 
n o r t h  of Ereen  Lake,  and the  writer  logged  and  sampled  the  core. A 
hornblende   separa te  was made and  submit ted  to   the  Universi ty  of B r i t i s h  
Columbia f o r  K/Ar determina t ion .  J. Harakal  reported  an  age of 363+13 Ma 
and  commented t h a t   t h e   m a t e r i a l  was of superb   qua l i ty .  

The Sicker rocks have been traced i n t o  the type  area on B i g  Sicker  

were developed i n  the S icke r   rocks   p r io r   t o   i n t rus ion .  mus the  type 
Mountain,   where  they  are  similarly  intruded by s h o n k i n i t e .   S c h i s t   b e l t s  

S i cke r  is Middle  Devonian  and/or  older. The B u t t l e  Zake l imestone  has  

Permian.  %us it and o t h e r   P a l e o z o i c   d e p o s i t s   t h a t   p o s t d a t e   t h e  deform- 
been   da ted   pa leonto logica l ly  as Middle  Pennsylvanian OK poss ib ly   Ear ly  

h o s t   r o c k s  of Westmin Resources   Limited 's   But t le  Zake massive  sulphide 
a t i o n  and i n t r u s i o n   a r e   n o t   S i c k e r .  It is t h e r e f o r e   p o s s i b l e   t h a t   t h e  

depos i t s   a r e   no t   S i cke r .  
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GEOLOGY AND GRAVITY SURVEY OF THE TWJMFXN COAL BASIN 

(92H) 

By B. la. Church and D. Brasnett 

INTFCODUCTION 

This   repor t   rev iews   the  coal depos i t   and   hos t   rocks  of the  TUlameen bas in  
i n   t h e   l i g h t   o f  new geo log ica l  and geophysical   data .  The new information 
i n c l u d e s   p e t r o l o g i c a l  and age determinat ions,  and a g rav i ty   su rvey   t ha t  
g i v e s   i n s i g h t   i n t o   t h e   s t r u c t u r e  of the  basin.  

HISTORY 

Coal was discovered  near  Blakeburn  Creek  in  the TUlameen b a s i n   p r i o r  t o  
1900.  In  1904 c o n t r o l  of t h e   d e p o s i t  was secured by 8.13. Coal and Coke 

menced s imul tanecus ly   on   the   nor theas t   s ide   o f   the   bas in   on   Col l ins   Gulch  
Co. a n d   t h i s  was soon  followed by large-scale explora t ion .  Work com- 

and  near  Blakeburn  Creek to the  scuth.   Act ivi ty   cont inued  over   the  next  
30  years   with  the  development   of   f ive  undergrcund  mines  in   the  Blakeburn 
area. 

mine Nos. 1 and 2. An aer ia l  tramway was cons t ruc ted  1.n 1920 tcl ca r ry  
In  1913  Coalmont Collieries Ltd. g a i n e d   c o n t r o l   a n d   i n i t i a t e d  work a t  

processed  and readi ly   t ranspor ted   to   marke ts .  Mines N c j .  3 and 4; began 
t h e  coal from  the  minesi te  to the   ra i lway a t  Coalmont where i t  could  be 

ope ra t ions   i n   t he   mid - l920 ' s ,  however, f loods  and f i r e s   c a u s e d   t h e i r  
e v e n t u a l   c l o s u r e s   i n   t h e  mid-1930's. The l a s t  opera t ing  mine, No. 5, 
opened   in  1931 and  produced for nine  years .   In  24 years  of opera t ion  
2 144  657 tonnes of c o a l  were shipped  from  'Iulameen C o d f i e l d .   I n   t h e  
y e a r s  1954 to 1957, m l l i n ' s  S t r ip  Mine Ltd. operated ,st Blakeburn, a t  
t h e  s i t e  of some of the  old  underground  workings,  producing  148 239 
tonnes  of coal. Imperial Metals & Power Ltd. cont inued  act ive  explora-  
t i o n   i n   t h e   1 9 6 0 ' s   w i t h  rmch t r e n c h i n g   i n  the northwest par t  of the 
basin.  Cyprus Anvil  Mining  Corporation  continued t h i s  work: p l u s  
a d d i t i o n a l  diamond d r i l l i n g   i n  1977  and  1978 under  option  agreement. 

GmLOGICAL  SETTING 

o u t l i e r   w i t h   a n  e l l i p t i c a l  northwest-southeast   e longated  sedimentary  core  
The  'Iulameen bas in ,   cen t red  2 k i lomet res  west of Coalmont, is a T e r t i a r y  

basin  has   been  previously  descr ibed by Camsell (1913) ,  Rice (1947) ,  Shaw 
measuring 5.4 ki lometres   by 3.6 ki lometres   (Fig.  1 6 ) .  'Lhe geology of the  

(1952) ,  and  Evans (1978)  and  examined i n   s p e c i f i c  aspects by Hil.ls, et 
dl. (1967),  Donaldson  (1973).  and  Peavers, et a l .  (1980).  

g reens tones  and  metasedimentary  rocks. They are ove r l a in  by Miocene 
Eocene  volcanic  and  sedimentary  rocks rest unconformably on Triassic 

b a s a l t   l a v a s  and brecc ias .  
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F i g u r e  16. &olog of  the  Tularmen  basln.  
(See Fig. 18 tor legend.) 

TABLE 1. CHEMICAL ANALYSIS OF VOLCANIC ROO(S OF THE  TULAMEEN BASIN 

Oxldes r e c a l c u l a t e d  t o  100% 

68.61 
1 

8 9 2 1  
2 

0.45 0.1 1 
15.98 

2.59 0.01 
0.38 0.47 
0.04 0.01 
1.38 0.48 

CaO 2.81 0.51 
4.29 0.1 0 

TI  02 

A I 2'3 1 6 6 3  
Fe203 
FeO 
MnO 

SI 02 

MgO 

M70 
K2C - - 

100.00 
2.87 

100.00 
2.12 

Ox1 des  as  determl  ned 
i 

Hzo+ 0.85 

co2 
Hzo- 

0.70 
1.23 

'Z05 0.28 
S <o.o 1 
SrO 0. 08 
Ban 0.19 

2 
3.80 
3.18 
1.39 

<o. 08 

0.003 
0.03 

0.07 

south   s lope ot Ham1 l i o n  Hi I I. 2 = F h p l  l i e  t u t t  band  near   top o t  coal  rmasures 
Key t o  Analyses: 1 = Hornblende  dac l te  ot Cedar   vo lcan lc  rocks trom r o a d   c u t   o n  

I n   B l a a b u r n   p i t .  
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me Eocene  beds a re   es t imated   to  be 800 metres  thick where b e s t  
developed. The coal  measures,  about 30 metres   thick  IBlakeburn) ,   are  
sandwiched  between 200 metres of sandstone and shale  below, and 60 metres 
of f i s s i le  sha les   above   (Col l ins   Gulch   sec t ion) .  An es t imated   th ickness  
of 500 metres  of quartzose  sandstone  and  conglomerate  Eorns  the  uppermost 
p a r t  of  the  sedimentary  succession i n  t h e   c e n t r a l   p a r t  of t h e  basin.  

The  Eocene volcanic   rocks,  named 'Cedar   vo lcanic   se r ies '  by (amsell 

v o l c a n i c   s e r i e s   a t t a i n s  a th ickness  of about 500 metres 'on Hamilton Hill 
( 1 9 1 3 ) ,  a re   pa r t ly   i n t e rca l a t ed   w i th   t he   basa l   s ed imen ta ry  u n i t s .  The 

and Mount Jackson,  where  the  typical  rock is l i g h t   g r e y   d a c i t e  w i t h  small  
hornblende  needles (see a n a l y s i s  No. 1 ,  Tsble 1 ) .  However, a r c   f u s i o n  
ana lyses  of 5 1  lava  samples show a f u l l  range i n  compositions from b a s a l t  
t o   r h y o l i t e   ( F i g .  1 7 ) .  me   f requency   of   fe l s ic   vo lcanic   rocks   increases  
s t r a t i g r a p h i c a l l y  upward t o  where r h y o l i t e   a s h  forms 1 2  s epa ra t e  bands i n  
t he   uppe r   pa r t  of tne   coal   measures  (see a n a l y s i s  No. 2 ,  Table 1 ) .  

51 &N&L"ZEZ 

RErRAcTIYt INDEX OF GLASS 

RHIOLITE I DltCITE I ANOESITE I BltSitLT 

F igure  17. Re t rac t ive   index   f requency   p lo t   fo r  
t h e  Eocene vo lcan ic   ro&s  ot  t h e  
Tu I amen bas I n. 

Middle Eocene,  based on the  r ecen t  determinat ion of a sample of amphibole 
The age of these  rocks i s  placed near  the  boundary between Lower and 

submi t t ed   t o  J. F a r a k a l   a t  the  Universi ty  of Brirish Columbia. 'fiis  is 
comparable  to  previous K/Ar r e s u l t s  on beds  associated  with  the  Pr. inceton 
and Hat Creek coa l   depos i t s  (see Table 2 ) .  

TABLE 2. RAD ICMETKiC AGE UETERMiNATiONS O F  EOCENE  COAL  MEPSURES, 
SOUTKCENTRAL BRITISH COLlMBiA 

No. Rock MI nera  I North  West K ~ r * 4 0  Ar*40 Age 
Source  Lot. b n  g. % cc/gm Z (Ma) 

2 R i n c e t o n   a s h  
1 Cedar   daci te   anphibole  49'30.2' 120046' 

b i o t i t e  49'27.4' 120'32t 
0.761 1.469 7 5 6  49.0t1.7 

3 Hat CrecA r h y o l i t e   b i o t i t e  50040.5'  121'34.5'  6.87 l.3!) 9 0  
6.76 1.31 84  49.222 

51.221.4 

corrected  according t o   t h o  w t h o d   o t  Ste iger  and  Jager (1977). 
1 . b .  1 = t h i s   s t u d y ,  No. 2 = Mathmvs (1964, p. 4651,  and No.  3 = Church  (1975, p. G1,O) 
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Miocene basal t   (dated  9 .020.9 Ma by Evans, 1978) a r e  dp to a b o l t  100 
metres t h i c k .  These lava  f lows  unconformably  overlie  the Dcene sedi -  
mentary  rocks i n  t he   sou the rn   and   wes t - cen t r a l   pa r t   o f  the? bas in .  F'eeder 
dykes   t o   t he   basa l t   f l ows  c u t  older   rocks i n  t h e   a r e a ,   i n c h d i n ' ?   c o a l  
beds  north  of  Blakeburn p i t .  Here a l a rge  dyke  about 50 metres wide 
i n t r u d e s   t h e   f a u l t  zone  and  divides   the  old mine workings. 

GRAVITY SURVEY 

A gravi ty   survey  conducted by Brasne t t   (1981) ,  on behalf  o f  the  
M i n i s t r y ,   f a c i l i t a t e s  preparation of s t r u c t u r a l  cross-sections of the 
bas in .  A s y n t h e s i s  of two c ross - sec t ions  shown on Figure 18 is based  on 
t o t a l  g rav i ty   r e sponse  i n  terms of  thickness  and  densit : ies ( P )  of' major 
s t r a t i g r a p h i c  u n i t s .  

A LaCoste-Romberg g r a v i t y  meter was employed in   t he   su rvey  and opera ted  
acco rd ing  to manual spec i f ica t ions .   Readings  were  performed a t  50-metre 
i n t e r v a l s  a t  t opograph ic   s t a t ions   e s t ab l i shed  by Ager,  Beret'ta  and 
Associates Ltd. 

The n o r t h   l i n e  of  the  survey  proceeds 5.1 k i lomet res  on  a course of 
approximately 060 degrees  from ' A , '  a t  the  western margin  of  the  basin on 
the  Ladestone  Mountain  road,  and  ends a t  ' B '  near   the  Bear's Cen c o a l  
p r o s p e c t  on t he  east s ide   (F ig .  1 8 ) .  The main f e a t u r e s  seen :tn t h i s  
s ec t ion   a r e   gen t l e -d ipp ing   beds  (maximum d i p  of  about 35 d e g r e e s ) ,  a 
down-faulted eastern margin ,   and   wes te r ly   th ickening   s t ra t igraphic   un i t s .  
The a x i a l   p l a n e   o f   t h i s   e l o n g a t e d   b a s i n  is inc l ined   w i th  a k e e l   d i s p l a c e d  
more than 1 k i lomet re   wes te r ly  from t h e   a x i a l   t r a c e  as seen i n   s u r f a c e  
p l an  (see Evans,  1978, p. 8 4 ) .  

The s o u t h   l i n e  fol lows a n  old tramway 3 . 2  ki lomet res  on a course  of 045 
degrees  from  Blakeburn  pit .   Notably,  t h i s  s e c t i o n  shows a Miocene b a s a l t  
c a p  on a r e l a t i v e l y   t h i n  and  gent ly   dipping Eocene  sequence. me kee l  of 

on   t he   no r th   l i ne ,  which is  c l o s e r  to the centre of the   bas in .  Th i s  
t h e  b a s i n  on t h i s  l i n e  is roughly  450 metres h igher  i:? e leva t ion   t han  

p lunging   sync l ine  as suggested by Evans. 
i n d i c a t e s   t h a t   t h e   o v e r a l l   s t r u c t u r e  i s  not  simply a s o u t h e a s t e r l y  

In   smmary ,   the   ev idence   sugges ts   tha t   the   bas in   deve loped   as  a dra inage  

w e s t e r l y   a g a i n s t   t h e  s t i l l  a c t i v e  Cedar   volcanic   pi le .  A f i n a l  in.Elux  of 
t r ap   accumula t ing   f i r s t   s ands tone ,   t hen   sha l e s   and   coa l  which  thickened 

quartzose  sand  and  conglomerate  completed a n  i n f i l l   c y c l e   f o l l o w i n g  a 
l a t e  episode  of   rhyol i te   volcanism  and  subsidence.   Preservat ion oE these  
s t r a t a  from e ros ion  was e f f e c t e d  by normal f a u l t i n g  on the  ea.st  and 
southeas t   marg ins  of t h e   p r e s e n t  Eocene out l ie r  and e x t r u s i o n  of  ,capping 
Miocene b a s a l t   l a v a s .  
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THE COAL DEPOSIT 

D r i l l i n g  by Cyprus Anvil   Mining  Corporation  in  the  northwest  part   of  the 
sedimentary  basin shows t h a t   c o a l  may occur  anywhere i n  t h e   s h a l e   f a c i e s .  
According t o  Shaw (1952) ,   the   lowest   coal  seam is  about  120 metres above 

measures. Shaw a l so   r epor t ed   coa l  i n  t h e  upper  quartzose  sandstone- 
t h e  Cedar  lavas  and  breccias and 40 metres   below  the  pr incipal   coal  

conglomerate   uni t .  

where  Donaldson  (1973)  described i n  d e t a i l  a 27-metre s e c t i o n   o f   c o a l   a t  
The t h i c k e s t  and  most  continuous  coal  deposit  is i n  the  Blakeburn  area 

followed a 2 to   4 -met re- th ick  seam with a s t r i k e   l e n g t h  of 2.3 k i l o -  
t h e  s i te  of t h e  old  mining  operation. The or ig ina l   min ing   excavat ion  

metres. The c o a l  i s  a h igh   vo la t i le   b i tuminous  B and C va r i e ty ,   hav ing  2 
t o  5 pe r   cen t   mo i s tu re   con ten t ,  4 t o  16 pe r   cen t   a sh ,  0.3 p e r   c e n t  
su lphur ,   and   y ie ld ing   about  3 000 ki logram  ca lor ies .  The u s u a l   b r i g h t  
c h a r a c t e r  of t h e   c o a l  i s  due t o   h i g h   v i t r i n i t e   c o n p o s i t i o n .   R e f l e c t a n c e  
measurements on t h e   v i t r i n i t e  (Ao) range  from  0.79 t o  0.94,  showing a 
g e n e r a l   i n c r e a s e  downward (see Table 3 and  Donaldson,  1973, p. 8 ) .  
Ind iv idua l  seams  above  and  below the mine  seam a re   s epa ra t ed  by c l a y  
l aye r s ,   rhyo l i t e   a sh   bands ,   o r   sha ly   pa r t ings .  

TABLE  3. VARIATION OF VlTRlNlTE REFLECTANCE (Ro) THROUGH 
THE BLMEWRN COAL  MEASURES 

top o t  coal 
Igtres below kt lectance 

measures 
RO 

0.3  0.804 

2.0 
I .  0 

0.846 
0.831 

2.7 0.822 
4.2 
8.0 

0.790 
0.847 

11.0 0.843 
13.0 0.928 

20.0 
17.0 

0.944 
0.884 

Late ra l ly   t he   coa l   beds   ' sha l e   cu t '   a s  i s  t y p i c a l  of l imnic   depos i t s .  The 
main coal  zone  has  been  traced 3 t o  4 k i lome t re s   a long   s t r ike   no r thwes t  
from  the  Blakeburn p i t  t o  where  the  measures  are  15  to 20 metres th ick .  

seams a t   C o l l i n s  CXllch and  impure  carbonaceous  beds a t   t h e  Bear's Den and 
However, t o   t h e   e a s t  and   south   the   coa l   hor izon   d iminishes   to  a few t h i n  

Hayes-Vittoni  prospects.  

According to   Peave r s ,  et dl. ( 1 9 8 0 ) ,   t h e   h i g h   v i t r i n i t e   c o n t e n t  of t he  
c o a l   s u g g e s t s  a woody scurce  and  probable  forest-moor  origin.   Stagnant 
a c i d   c o n d i t i o n s   c o n v e r t e d   m c h  of t h e  i n t e r b e d d e d   r h y o l i t e   a s h   t o  
k a o l i n i t e .  The r e g u l a r i t y   o f   a l t e r a t i o n   t e x t u r e s  and t h e   c o n t i n u i t y  of 
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l o c a l  c las t ic  c h a r a c t e r  of the coal is tectonic,  r e s u l t i n g  from  bedding 
these  ash  bands  suggests a q u i e t ,  low d e t r i t a l  t r a n s p o r t  domain.  The 

p l a n e   f a u l t i n g   r e l a t e d   t o   c o n c e n t r i c   f o l d i n g .  Such movements art? most 
prominent i n  deepe r   s ec t ions  of the  basin  and i.n s teeply  dipping  segments  
n e a r   t h e  east  margin. 

The  unexpected  high  rank of the   coa l  is apparent ly   due  to  a high  geo- 
t h e r m a l   g r a d i e n t ,   a s c r i b e d   t o  EOcene volcanism i n   t h e   r e q i o n .  Donaldson 
(1973, p. 9 )   d i scoun t s  any contact  metamorphic  effect   from  the  overlying 
Miocene b a s a l t .  The gene ra l  downward inc rease  i n  t he   r e f l ec t ance  of 
v i t r i n i t e  seems t o  be a func t ion  of  depth  of  burial .   Peavers,  1st a l .  

and time. Accordingly,   observed  ref lectance  values  would r e su l t  from a 
(1980)   de te rmined   the   re la t ion   be tween  re f lec tance  %, pateotemperaturos ,  

minimum paleotemperature  of 75 deg rees   Ce l s ius   fo r  a per iod   of  50 m i l l i o n  
y e a r s   o r  a more reasonable   es t imate  of 130 deqrees  C e l s i u s  f o r  10 m i l l i o n  
years .  

CONCLUSIONS 

The 'IUlameen bas in  is a f a u l t e d   e l l i p t i c a l   s t r u c t u r e  of possible   volcano-  
t e c t o n i c   o r i g i n .  New rad iometr ic   de te rmina t ions   g ive  a n  Eocene  age 
comparable t o   p r e v i o u s  K/Ar resul ts  from other  major 1imn:ic c o a l   d e p o s i t s  
of   the   southern   in te r ior   reg ion   such  as i n  t h e  Hat Creek  and  Princeton 
a reas .  

A g rav i ty   su rvey   g ives  a p r o f i l e  of the Tertiary formations,   del ineAting 
t h e   b a s a l   v o l c a n i c  and  sedimentary  rocks  and  coal  mea:;ures. The  800 
metres of s t r a t a   c o m p r i s i n g   t h e   b a s i n   r e c o r d  a h i s t o r y  of ea r ly   vo lcan ic  
e r u p t i o n   c a u s i n g   d i s r u p t i o n  of d ra inage   pa t t e rns ,   s t agna t ion   l ead ing   t o  
sed imenta t ion   and   coa l   format ion ,   and   f ina l ly   in f i l l ing  by coarse  sand- 
s tones   and   conglomera tes .   Preserva t ion  of these  rock:; r e s u l t e d  from 
normal   faul t ing,   folding,  and ex t rus ion  of  young b a s a l t   l a v a s .  

may ref lect  a resurgent   volcanic   event   associated  with  high  geothermal  
Rhyoli te   ash  bands  concentrated i n  the  upper   par t  of t h e  coal  measures 

gradients .   Evidence  suggests   that   anomalous Eocene geothermal   g rad ien ts  
are   responsible   for   the  comparat ively  high  rank of the   coa l .  
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THE  NAGY GOLD OCCURRENCES, WCTORS POINT,  EARRISON LAKE 

(92H/1 ZW) 

By G. E. Ray 

INTRODUCTION 

o c c u r r e n c e s   s i t u a t e d  near b c t o r s  P o i n t ,  which is on the  west si.de of 
During  the summers of 1981  and 1982, t h e   a u t h o r   b r i e f l y  examined. gold 

Harrison Lake approximately 45 kilometres nor th-nor theas t  of Harrison Hot 

Weaver  Creek  EYovincial  Park. The occurrences were discovered by a 
Springs.  me p rope r ty  i s  reached  via  a n  unpaved  road  passing  north from 

p rospec to r ,  George Nagy, and  have  been  tested by t renching  and some 
r e c e n t   d r i l l i n g .  lhe No. I occurrence l i es  c l o s e   t o   t h e  1.akeshox-e at the 
north  end  of  Doctors Bay approximately 150 metres nor th  c,€ Georye  IWgy's 
cab in   (F ig .   20 ) .  The No. I1 occurrence is seen i n  a quarr ied  exposure 
a longs ide   t he   road ,   abou t  300 metres southwest  of the cabin.  lhis write- 
u p   b r i e f l y   d e s c r i b e s   t h e   g e o l o g i c   s e t t i n g  and minera l iza t ion   observed  i n  
t h e   t r e n c h e s  and r e p o r t s  some go ld - s i lve r   a s says  and t r a c e  element 
a n a l y s e s  of minera l ized   grab   samples   co l lec ted  by the   au tho r ,  

GENERAL G E O m Y  

Monger (1970) ,  i s  shown on Figure  19.   Major,   southeasterly  trending 
The regional   geology,   adapted a f t e r  compilat ions by Roddick  (1965)  and 

s p r i n g   a c t i v i t y  and separa te   the   h ighly   cont ras t ing   geologica l   reg imes  
f r ac tu res   pas s ing   a long  Harrison Iake   a re   assoc ia ted   wi th   reg iona l   ho t  

Nagy gold occurrences l i e  close to t h i s  f rac ture   sys tem and a l so  close t o  
exposed o n  the   no r theas t e rn  and  southwestern  shores  of the lake.  The 

sed   count ry   rocks   tha t  are of uncertain  age  and  or igin.   Further  west, 
t he   i n t rus ive   con tac t   be tween  a younger   quar tz   d ior i te  body  and hornfe l -  

Roddick  (1965)   ass igns  rocks  correlat ive  with  the  country  rocks ':a the  
Jurassic  or   Cre taceous   F i re  Lake  Group (Fig.  19);  Monger's (1970)  c8mpi1- 
a t i o n   a s s i g n s  the country  rocks of the  occurrences t o  the Middle J u r a s s i c  
Myster ious Creek Formation. 

GEOLOGY OF NO. I OCCURRENCE 

mass ive   t ex tured ,   dark   to  medium grey  hornfels .   This   rock is c u t  by 
A 7-metre by 7-metre excavated  trench  exposes a ver:?  fine-gr,3ined, 

prominent   jo in t ing  or f rac ture   c leavage .   Frac tures   a re  2.5 t.o 7.5 
centimetres apar t ;   they  s t r ike 170  degrees  and d i p  45 degrees  wes':. I n  

p l ag ioc la se   and   qua r t z   c rys t a l s   gene ra l ly   r ange  be tween 0.05 t.0 0.1 
t h i n   s e c t i o n   t h e   h o r n f e l s   h a s  a marked decussate  texture.   Unt*rinned 

millimetre i n  diameter bu t  some remnant  plagioclase  cry!jtals are up t o  
0.25 millimetres. These l a r g e r   f e l d s p a r s   h a v e   r e c r y s t a l l i z e d   i ~ n t o  a 

t han  0.1-millimetre), randomly o r i en ta t ed ,   subhedra l   l a th s  and  comprise 
F i n e ,  polygonal  mosaic of s m a l l   c r y s t a l s .  Biot i te  forms m i n u t e  ( less 
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F l g r e  19. Regional geoiog o f   t h e  
Doctors   Point   area ,   Harr ison 

Monger, 1970). 
Lake. (Ceology adapted   a f te r  

SYMBOLS 

a m . .  . . . . . . . . . . . . . . . . . .  ._," 
, N T O U R . . . .  . . . . . . . . . . . . .  J- 
>ST"LAIEO FAULT . . . .  

TENCH WIT" GOLD MlNERALlZATlON . . x A "  

. .// 

Figure 20. Locat ion  of   the Nagy gold  occurrences,   lbctors 
Po in t ,   Har r lson  Lake. 
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up to 10 per c e n t  of the   to ta l   rock .   Wcessory   minera ls   j -nc lude   ep idote ,  

muscovi te   occurs  as la te ,  r agged ,   po ik i lob la s t i c   c rys t a l s   w i th  many 
z o i s i t e ,   c l i n o z o i s i t e ,  sericite, chlorite,  muscovite,  an3  opaques., The 

i n c l u s i o n s ;  it may be  intergrown  with  biot i te .  The opaques form less 
than  1 pe r  cen t  of t h e   t o t a l   r o c k .  They are   l a rge ly   nunute   magnet i te  
g ranu le s   bu t   t he re  are minor  amounts of p y r i t e .  In cu tc rop  numerous 
randomly  or ientated  sulphide-r ich  veins   cross   the  hornfels .  Most are 
less than 2 centimetres wide bu t  some are up t o  1 2 . 5  centimetres i n  
width.  mese ve ins   conta in   mass ive   pyr i te   and   a rsenopyr i te   wi th  lesser 
amounts  of  l imonite,   jarosite,   scorodite  (FeAs04'2H20),  ser ic i te ,  q u a r t z ,  
a n d   c h l o r i t e .  Less commonly, t h inne r   (gene ra l ly  less th.an 1 cen t imet re  
wide)   quar tz   ve ins   cu t   the   hornfe ls .  Some q u a r t z   v e i n s   c o n t a i n   c e n t r a l  
vugs  l ined  with small e u h e d r a l   q u a r t z   c r y s t a l s .  

Gold and s i l v e r   a s s a y s  and trace element   analyses  from grab  samples  of 
su lph ide   ve in  material from the  No. I occurrence are shown i n  ' E ' b l e  1. 
The go ld - s i lve r   mine ra l i za t ion  i s  associated  with  anomalous amou!nts  of 
bismuth,  cobalt ,   copper,   mercury,  molybdenum, tungsten,   lead,  and 
a r s e n i c .  

TABLE 1. TRACE  ELEMENT ANALYTICAL RESULTS  FRCM MINERALIZED GRAB SAWLES 
FROM THE NO. I NAGY  CCCCRRENCE 

GR 40 GR 210 GR 211 

Au* 0.7 ppm 5.4 ppm 5.8 ppm 
As * 8 Ppm 6.2 ppm 40.9 ppn 
As* 0.35% 
BI" 
CO" 

56 P W  
1 1  PPm 

cu* 0. I51 
F * *  178 ppm 
t!g*** 280 ppb 
Mo* 10 PPm 
Sb" 
W*"* 

<5 Ppm 
26 ppm 

Pb* 56 P W  
N i f  6 P P ~  
Zn* 165ppm 

* * I o n   s p e c i f i c   e l e c t r o d e  
*mom1 c absorpt  I on 

* * * T o l w r l m t r l c  

G3 40 - t b r n f e l s   w i t h   s u l p h l d e   v e l n s   u p   t o  5 cent lmetres w l d s ,  c o l l e c t e d  

'**Cold  vapour A A  

from s w t h  end  of   t rench. 

GR 210 - t b r n f e l s   w i t h   t h i n   s u l p h l d e   v e l n s   a n d  vuggy quar tz   ve ins,  
col l ec ted  from n o r t h   e n d  of trench. 

GR 211 - t b s s l v e   p y r l t e e r s e n o p y r l t e   f r o m   l Z - = e n t l m e t r e r l d e   s u l p h l d e  
ve in ,   co l l ec ted  from south   end of trench. 
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GEOLOGY OF NO. I1 OCCURRENCE 

The No. I1 occurrence  i s  seen i n  a quar r ied   exposure  on t h e  eas t  s i d e  of 
t h e  main access road,  approximately 50 metres nor th   o f   t he   t u rno f f   t o  
Doctors my (F ig .   20 ) .   Mine ra l i za t ion  is l o c a l i z e d   a l o n g   t h e   f a u l t e d  
contact   between a q u a r t z  d ior i te  t o   t h e   n o r t h  a n d  s t r u c t u r a l l y   u n d e r l y i n g  
f ine -g ra ined ,   mass ive   g rey   ho rn fe l s i c   rocks   t o   t he   sou th .  

The mineralized  zone,  which is  up to 0.7 metres wide  and  exposed for 20 
metres a l o n g   s t r i k e ,   t r e n d s  130 degrees   and   d ips   gent ly  ( 2 0  t o  30 
der j rees)   nor thward   para l le l   to   the   fau l ted   margin   o f   the   over ly ing   quar tz  
d i o r i t e .   M i n e r a l i z a t i o n   c o n s i s t s   m a i n l y  of c o a r s e   p y r i t e  and  arseno- 
pyr i te   wi th   abundant   l igh t   g reen   scorodi te   (FeAs04 '2H20) .   In   addi t ion ,  

m i n e r a l i z a t i o n  i s  rhythmically  zoned  and vuggy while e l sewhere   the  
t h e  zone c a r r i e s  l imoni te ,   quar tz ,  sericite, and f e l d s p a r .  Loca l ly   the  

su lphides   have   been   ex tens ive ly   l eached ,   p roducing  a pronounced boxwork 
t e x t u r e .  Remnan t  c o a r s e   c r y s t a l s  of q u a r t z   a n d   a l t e r e d   f e l d s p a r   i n   t h e s e  
leached areas resemble   those   in   the   hangingwal l   quar tz   d ior i te .  

Minor  normal f a u l t s  and  numerous small f r a c t u r e s   s t r i k i n g  160 degrees  and 
d ipp ing  75 d e g r e e s   e a s t   c u t  and   d i sp lace   the  main mineralized  zone. % i n  
minera l ized   ve ins  i n  these younger   f rac tures ,   sugges t  some la te  stage 

e l emen t   ana lyses  of sulphide-rich  grab  samples  from  the  mineralized  zone 
remobi l iza t ion   of  the su lph ides .  Gold and s i lver  assays   and   t race  

a r e  shown i n   T a b l e  2. 

TABLE  2.  TRACE  ELEMENT ANALYTICAL  RESULTS 
FROM MINERALIZED GRAB  SAM'LES 

FRCM THE NO. II NAGY  OCCURRENCE 

GR 213 

Ag" IC469 ppn 
Au* 19.9 ppm 

Bi** 
AS'" >3% 

Tr 
Mo* Tr 
W * *  
Sb** 0.02% 

Tr 

GR 2 1 5  

34.6 ppm 
1 1 2 6  ppm 

>3 % 
Tr 
T r  

0.02% 
Tr 

**Ssmlquantl tat lve  emission 
"Rtomlc  absorption 

spectroscopy 

GR 213 - Sulph ide- r ich   g rab   sample   f rom 
nor thern   exposed   por t ion   o f  
mineral   lzed zone. 

GR 2 1 5  - Sulphide-r ich  grab  sample   f rom 

mi nera i i zed zone. 
southern e x p o s e d   p o r t i o n   o f  
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resembles  t h e  h o r n f e l s  t h a t  h o s t s  t he  No. I occurrence.  However, a t   t h e  
Both i n  hand specimen and t h i n  s e c t i o n  the   foo twa l l  h o r n f e l s  c l o s e l y  

No. I1 occurrence  they are coarser g ra ined   (up   t o  0.3 nliilimetre:;) and 
con ta in   apprec i ab ly  more sericite,  magnetite,  and  other  opaque  min'erals; 
t h e  coarser tex ture   p resumably   re f lec ts  i t s  closer proximity to the 
q u a r t z   d i o r i t e   p l u t o n .   R e c o g n i t i o n  of  vague, remnant  clasts under   thin 
s e c t i o n   s u g g e s t s   t h a t   t h e   h o r n f e l s  i s  e i t h e r   t h e r m a l l y  metamorphose'3 t u f f  
o r  c las t ic  sedimentary  rock. 

The hang ingwa l l   qua r t z   d io r i t e  i s  a massive,  coarse-grained  rock  with 
c r y s t a l s   v a r y i n g  from 2 t o  10 millimetres i n  diameter .  It consists of 1 5  
t o  20 per c e n t  hornblende  which  forms  subeuhedral prisms and commonly 
enc loses   remnant ,   cor roded   augi t ic   cores .   Bio t i te   forms  1 t o  3 p e r   c e n t  
of  the  rock; some is  intergrown  with  the  hornblende. I t  is p a r t i a l l y  
a l t e r e d  to c h l o r i t e .  The p l ag ioc la se  (An30-47) forms  well-twinned, 
zoned  crystals   with  c louded  cores   and clear marglns; many are p a r t i a l l y  
s a u s s u r i t i z e d .   p l a r t z  makes  up 1 t o  3 per   cen t  of the  rock,  and  sub- 
e u h e d r a l   p y r i t e   c r y s t a l s  are r ecogn izab le   i n  hand specimen. 

The q u a r t z   d i o r i t e   g e n e r a l l y   h a s  a f r e s h ,  homogeneous appearance  but  
immedia te ly   ad jacent   to  i t s  f au l t ed   con tac t   w i th   t he   ho rn fe l s  i t  is  

approximately 1.2 k i lometres   north-northwest  of t h e  No. I1 occurrence,  
l eached   and   h ighly   f rac tured .   In  a highway  exposure  on  the  hairpin  bend 

numerous  subhorizontal, 7 t o  10-centimetre-wide  veins  of leucocratic 
b i o t i t e   q u a r t z   d i o r i t e   c u t   t h e   p l u t o n .  A t  t h i s   l o c a l i t y  11 steep wes ter ly  
d ipping ,   nor th-south- t rending   fau l t   zone   cu ts   the  body. : In tense   f rac tur -  
i n g  and a l t e r a t i o n   o v e r  a 5-metre  width  marks t h i s   f a u l t .   G e n t l y  
p lunging   s l ickens ides   (23   degrees   toward  200 degrees)  suggest: some 
subhor izonta l  movement. 

DISCUSSION 

The two most l i ke ly   exp lana t ions   conce rn ing   t he   con t ro l s  and o r i g i n  of 
the Nagy gold  occurrences are: 

( 1 )  The mine ra l i za t ion  was g e n e t i c a l l y   r e l a t e d  to t h e   q u a r t z   d i o r i t e  

ho rn fe l sed   marg in .   I f   co r rec t ,   t h i s   sugges t s  t h a t  the  remaining 
i n t r u s i o n ,   w h i c h   e x p l a i n s  i t s  s p a t i a l  a s s o c i a . t i o n   w i t h   t h e  

marg in   o f   t he   qua r t z   d io r i t e  body and poss ib ly   those  of o t h e r  
g r a n i t o i d   p l u t o n s   i n   t h e  area, p a r t i c u l a r l y  where  they  intru '3e  the 
Fire  lake  o r   Har r i son   l ake  Groups  (Fig.  21), may r e p r e s e n t  good 
e x p l o r a t i o n   t a r g e t s   f o r  similar gold-s i lver   minera1i :zat ion.  

(2 )   Mine ra l i za t ion  was p r e f e r e n t i a l l y  emplaced a long   t he   f au l t ed   p lu ton  
margin  during  hydrothermal   act ivi ty   which was no t   necessa r i ly  
r e l a t e d   t o   t h e   q u a r t z   d i o r i t e   i n t r u s i o n .  The Nagy occurrences l i e  
c l o s e   t o  a r e g i o n a l   f r a c t u r e   s y s t e m   t h a t  i s  assomziated with one  
former  gold  producer  (Providence, M I  92H/NW-30), nml?rous  other  gold 
occur rences ,   and   r eg iona l   ho t   sp r ing   ac t iv i ty   (F ig .   21 ) .  n u s ,  t h e  
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i t  intersects  b o t h   g r a n i t i c   p l u t o n s  and t h e   F i r e  Lake  Group,  could 
H a r r i s o n   I a k e   f a u l t   s y s t e m ,   p a r t i c u l a r l y  i t s  nor the rn   s ec t ion  where 

r e p r e s e n t   a n   i n t e r e s t i n g   e x p l o r a t i o n   t a r g e t  for  both   h igher  tempera- 
ture   vein  and  epi therrnal ,   Cinola- type  gold  mineral izat ion.  

Figure 21. Regional  geology ot t h e   M r r i s o n  Lake f a u l t  system  shouing  hot   spring 
and  gold  occurrences. IGeoIoq a d a p t e d   a t t e r   R o d d l e  (1965) and  Monger 
(1970) I. 
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Thanks are ex tended   to  George Nagy of  Nagyville  Mining  Ltd.   for  his 
ass i s tance   and   coopera t ion .  D r .  J. Kwong a s s i s t e d   w i t h  some X-ray 
i d e n t i f i c a t i o n s .  
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F l g u r e  22. Reg lona l   se t t ing  o f  t h e   C o q u l h a l l a  g o l d  b e l t   s h w l n g  
locat lon  o f  gold  deposits  and  occurrences. (GBology 
a d a p t e d   a t t e r  Monger, 1970). 
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CAROLIN  MINE - COQUIHALLA GOLD BELT PROJECT 
(928/6, 11 )  

By G. E. Ray 

INTRODUCTION 

The second  season  of  fieldwork  studying  the  geology and mine ra l i za t ion  of 
t he   Coqu iha l l a   go ld   be l t  was c a r r i e d   o u t  by a two-man f i e l d  crew. The 
a r e a   s t u d i e d  i n  1982 is s i tua ted   approximate ly  20 t o  25 kilometres   north-  
e a s t  of Hope. "his work included  the  fol lowing:  

Regional   geological  mapping ( s c a l e  1:50 000)  of t h e   b e l t  from Mount 
Snider  i n  the  south  northward  toward  Siwash Creek. A t h i r d   f i e l d  
season ' s  work should  complete  the  regional  geological.  mapping of t h e  
gold   be l t   nor thward   to   the   v ic in i ty  of Chapmans Bar. 

Peak  and the  Coquihal la  River. "his area  conta ins  most  of the  gold 
Geological  mapping, a t  a s c a l e  of 1:6000, of  an  area  between  :Spider 

occurrences i n  t h e   b e l t ,  many of the  past   gold  producers ,   such  as  
the  Emancipation, Aurum, and Pipestem,  as   wel l   as  the p resen t ly  
opera t ing   Caro l in  mine .  

Pipestem  gold mine (MI 92H/NW-11), together  with  underground  mapping 
Ceta i led   sur face   geologica l  mapping ( s c a l e  1:500) aver  the Eormer 

and  sampling  (scale  1:250) of t h e  lower,  most  extensive (No. 4) 
l e v e l  of the  old  Pipestem mine workings. 

minera l iza t ion ,   s i tua ted   approximate ly  0.5 k i lomet res   southeas t  of 
Surface   geologica l  mapping  and  sampling of t he  'McMaster zone'  gold 

McMaster pond. 

Sampling  the HOme X gold  occurrence (MI 92H/NW-13) and the newly 
discovered 'Murphy occurrence. '  

Col lec t ion  of approximately 80 s i l t  samples  from  $itreams  draining 

copper,  mercury,  nickel,  lead,  antimony,  zinc, and coba l t ,  anc3 t h i s  
the   be l t .   These   a re   be ing   assayed   for   go ld ,   a rsen ic ,  chromium, 

d a t a  w i l l  be  used i n  conjunct ion  with  the results of the 1981 
Regional  Geochemical  Survey (RGS 7) to  determine  whether any 
reg iona l   geochemica l   pa t te rns  are as soc ia t ed  w i t h  mine ra l i za t ion  i n  
t h e   b e l t .  

RBZIONAL GEOLOGY 

c l o s e   t o   t h e   e a s t e r n  margin of the   Coquiha l la   se rpent ine   be l t   (F ig .  22). 
Gold occurrences i n  t h e  Coquihal la   gold  bel t   are   regicumlly  c lustered 

T h i s   s e r p e n t i n e   b e l t  forms  an elongate,   north-northwesterly  trending, 
s t e e p l y   d i p p i n g   u n i t   s e p a r a t i n g   s u p r a c r u s t a l   r o c k s  of the  Ladner Group i n  
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t h e  east  from t h e  HOzameen Group i n   t h e  west (F ig .   22 ) .  lhe s e r p e n t i n e  
b e l t   r e a c h e s  i t s  maximum development i n  the  Carolin  mine-Coquihalla River 
a r e a  where i t  exceeds 2 k i lome t re s   i n   w id th .  It gradually  narrows to  t h e  
sou th   and   no r th   un t i l   i n   t he   Pos ton  Par and  Manning  Park areas (Monger, 
1970; mates, 1974;  Cardinal,   1982)  the Hozameen and  Ladner  Groups are i n  

p r o b a b l e   p e r i d o t i t e   p a r e n t a g e   ( C a i r n e s ,  1929;   Table   5)   character izes   the 
d i r e c t   f a u l t   c o n t a c t .  Dark,  highly  sheared  to  massive s e r p e n t i n i t e  of 

b e l t   b u t  i t  also con ta ins   subs t an t i a l   amoun t s  of   highly  a l tered  gabbro-  
d i abase   rocks   (Tab le  7). 

The eas t e rn   marg in   o f   t he   s e rpen t ine   be l t  i s  s h a r p l y   d e l i n e a t e d  by the  

occurrences,   has   been mapped and   s tud ied   i n  some d e t a i l   ( C a i r n e s ,  1924, 
Hozameen f a u l t  which,  due t o  i t s  c l o s e  spa t ia l  a s s o c i a t i o n   w i t h  many gold 

1929;  Cochrane, e t  dl., 1974;  Anderson,  1976;  Cardinal,  1981,  1982; Ray, 

pen t ine   be l t   has   p rev ious ly   been   l a rge ly   i gnored .  However, c u r r e n t  map- 
1982;  Wright, et d l . ,  1982) .   In   cont ras t ,   the  western maryin  of  the ser- 

p ing   sugges t s  i t  t o o   r e p r e s e n t s  a major f r a c t u r e ,  which l i k e  its eastern 
coun te rpa r t ,   has  had a long  and  complex  his tory  of   both  ver t ical   and 
h o r i z o n t a l  movements. The eastern boundary f r a c t u r e  is herein  termed 
' E a s t  Hozameen f a u l t ; '   t h e   h i t h e r t o  unnamed western tectonic   boundary i s  
c a l l e d   t h e  'West Hozameen f a u l t . '  With the   g radual   d i sappearance  of t h e  

a s i n g l e   t e c t o n i c   f e a t u r e ,  the HOzameen f a u l t   ( F i g .  2 2 ) .  
s e r p e n t i n e  b e l t  bo th   no r th  and  south,  these boundary f r a c t u r e s  merge i n t o  

The  mzameen  Group c o n s i s t s   l a r g e l y  of c h e r t s ,  pelites, and a l t e r e d  
s p i l i t i c   b a s a l t s   ( D a l y ,  1912; Q i r n e s ,  1924;  WTaggart  and  lhompson, 
1967;   mnger ,   1970) .  Monger ( 1 9 7 5 )   i n t e r p r e t s   t h i s  as an  oceanic  
supracrus ta l   sequence  of Triassic or pre-Triassic age.   In  the map-area 

metamorphism  and  strong  deformation; some p a r t s  are ove rp r in t ed  by e i t h e r  
t h e  Hozameen Roup  rocks  have  been  subjected t o  lower   g reenschis t  

a s c h i s t o s i t y  or a n  in tense ,   subhor izonta l   mul l ion  structure.  Close t o  

increased   deformat ion   and   c rush ing ,   minor   s i l i c i f ica t ion ,  l a t e  b r i t t l e  
t h e   s e r p e n t i n e   b e l t ,  Hozameen Group rocks commonly show s i g n s  of 

f a u l t i n g ,  and  pronounced  sl ickensiding. me West Hozameen f a u l t  appears 
t o   d i p   s t e e p l y  east ,  and serpent ini tes  i n   t h e  immedia te   v ic in i ty   conta in  
h igh ly   shea red   t a l cose   rocks   and ,   i n   r a r e   i n s t ances ,  poor q u a l i t y  
nephr i t e .  

The Iadner  Group (Cairnes,   1924) comprises a sequence  of  f ine-grained, 
poor ly  to well-bedded s l a t y   a r g i l l i t e s  and s i l t s tones  with  minor  amounts 
o f   coa r se r   g ra ined  material. mese metasedimentary  rocks  have a weak t o  
i n t e n s e   s l a t y   c l e a v a g e   a n d  were s u b j e c t e d   t o  a t  least  three   per iods   o f  
r e g i o n a l   f o l d i n g   ( T a b l e  1 ) .  Despite t h i s ,   I a d n e r  Group rocks  give  an 

wide   var ie ty  of sed imen ta ry   s t ruc tu res  are commonly preserved  (Ray, 
o v e r a l l   i m p r e s s i o n  of be ing  less deformed  than  the Hozameen Group,  and a 

1982) .   Regional   fo ld ing   has   resu l ted   in   widespread  s t ruc tura l  repet i t ion 
and many s e c t i o n s  of t he   I adne r  Group a d j a c e n t   t o   t h e   B q u i h a l l a  

C a r o l i n  mine ( Idaho   zone) ,  are s t r u c t u r a l l y   i n v e r t e d   ( T a b l e  1 ) .  Ca i rnes  
s e r p e n t i n e   b e l t ,   i n c l u d i n g   t h o s e   h o s t i n g   t h e   g o l d   m i n e r a l i z a t i o n  a t  

(1924)   cons idered   the   th ickness  of the   Iadner  Group i n  t h e   B q u i h a l l a  
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River-Ladner  Creek area to  be  approximately 2 000 metres, bu t   r ecogn i t ion  
of w i d e s p r e a d   s t r u c t u r a l   r e p e t i t i o n   s u g g e s t s  i t s  t rue   t h i ckness  may be 
cons ide rab ly  less. 

The broad  stratigraphic  sequence  recognized  within  the  Ladner Group i n  
t h e   C a r o l i n  mine-Ladner meek   a r ea  (Ray, 1982) con t inues   fu r the r   no r th  
i n t o   t h e   v i c i n i t y  of the  Pipestem mine (F ig .  2 3 ) .  The Ladner  Group rests 
e i t h e r  unconformably  or  disconformably upon an   o lder   vo lc imic   g reens tone ;  

assor tment  of c o a r s e   c l a s t i c ,  p a r t l y  volcanogenic sedimer,tary rock:; t h a t  
i t s  lowermost s t r a t i g r a p h i c  po r t ion  consists of a thin,   heterogeneous 

pass  upward i n t o  a thicker   sequence of well-bedded s i l t s t o n e s .  These are 
o v e r l a i n   i n   t u r n  by a t h i c k   u n i t  o f   carbon  and   i ron- r ich   a rg i l l i t es .  lbe 
lower c l a s t i c  u n i t  which hos ts   the   Caro l in   go ld   minera l iza t ion   ( Idaho  
zone)   comprises   discont inuous wedges  of in te rbedded   greywacke ,   l i th ic  
wacke,  conglomerate,   and  possible  reworked  tuff   with  int .ercalated  units 
o f   a r g i l l i t e  and   vo lcanogenic   s i l t s tone .  The b a s a l   p o r t i o n   a l s o   i n c l u d e s  
rare,  thin  horizons  of  c las t ic ,  impure  limestone. The conglomerates 
contain  angular   to   wel l - rounded clasts; most are of volcanic  orig:Ln bu t  

gabbro ic  material. While most  of the volcanic   pebbles  x e  i d e n t i c a l   t o  
t h e r e  are minor  amounts of qua r t z ,   j a spe r ,   che r t ,   l imes tone ,  granit ,?,   and 

the   under ly ing   greens tone  u n i t ,   c l a s t s  of  recrystall izemi,  a l t e r e d  por- 
p h y r i t i c  and  nonporphyri t ic  f low- layered   dac i tes  are 1ocal.ly common. 

The economically  important  lower c las t ic  u n i t  shows gre ,a t   var ia t j -on i n  

example,  near  the  Rnancipation mine i t  is  less than 5 metres th ick ,   whi le  
t h i ckness   a long   t he   be l t .  In most p a r t s  i t  is  e i t h e r   t h i n  or absent ;  for 

i n   t h e   v i c i n i t y  of Carolin mine  (Ray, 1982) i t  is approximately 200 
metres th i ck .  

The Ladner  Group s t r a t i g r a p h i c a l l y   o v e r l i e s   o l d e r   g r e e n s t o n e s  which are 
t r a c e a b l e   d i s c o n t i n u o u s l y   f o r  more than 15 k i lome t re s   a long   t he   ea s t e rn  

over l ies   the   Ladner  Group.  The greenstone-Ladner Group c o n t a c t  i s  
s i d e  of t h e  Fast Hozameen f a u l t   ( F i g .  2 3 ) ;  i n  many p laces  i t  s t r u c t u r a l l y  

commonly marked by f a u l t i n g  and   shear ing ,   bu t   in   p laces   the   sed imentary  

a d isconformable   re la t ionship .  A local basal  conglomer,nte of v a r i a b l e  
rocks  rest d i r e c t l y  on t h e  volcanic   rocks  w i t h  ei ther a n  unconformable or 

thickness   contains   abundant  c las ts  of material c l e a r l y   d e r i v e d  from the  
under ly ing   greens tones .   Ref rac t ive   index   de te rmina t ions  on fused   g l a s s  

h i g h l y   a l t e r e d   a n d e s i t i c   t o   b a s a l t i c   v o l c a n i c   r o c k s .  Ihe greens tones  are 
beads  and  chemical  analyses  (Table 6) i n d i c a t e   t h a t   t h e   g r e e n s t o n e s   a r e  

homogeneous appearance; some specimens contain  randomly  orientated,  l a te  
f i n e   t o  medium gra ined  and  are gene ra l ly   cha rac t e r i zed  by the i r   mass ive ,  

c r y s t a l s  of s t i lpnomelane.  Many outcrops close t o   t h e  Ladner  Group 
con tac t   d i sp l ay   r emnan t   ves i c l e s ,  pillow s t ruc tures ,   aquagene   brecc ias ,  
and weak l aye r ing ,   wh i l e   t he i r   h igh  sodium content   (Table  6) i n d i c a t e s  
t h e  presence of some spi l i t ic  lavas .  Rare lenses  of immature volcanic  

a re  p r e s e n t   w i t h i n   t h e   v o l c a n i c   u n i t  near Fmancipation mine. The age of 
sandstone  and  conglomerate are also seen,  while  bodies of gabbro-d ior i te  

t he   vo lcan ic   rocks  i s  unce r t a in  and some rare examples  of  interpil low 
c h e r t s  i n  the  greenstones  have  been  examined  for   microfossi ls   wi thout  
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Figure 23. Fbglonal geology of the QroIIn-Pipestem-Emnclpation go ld  mines area .  
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wide   cher t  b r e c c i a  horizon t h a t   s e p a r a t e s  pi l lowed  greenstones from the  
success .  However, a t  one l o c a l i t y  east of serpent ine Lske, a l-metre- 

Ladner  Group  contains  conodonts of Q r l y  Triassic age (M. Orchard, 
personal   communicat ion) .   This   horizon  probably  or iginated from pre- 
Ladner   weather ing  and  concentrat ion  of   interpi l lowed  cher t   breccia  
material p r e s e n t  i n  the  greenstones.   This  would s t r o n g l y   s u g g e s t   t h a t  
t he   vo lcan ic   rocks   a r e   Ea r ly  Triassic i n  age. 

Both  the  Ladner  and  mzameen  Groups are c u t  by a wide v a r i e t y  of i n t ru -  
s ive   rocks .  A d i s t i n c t i v e   s u i t e  of leucocra t ic   quar tz   porphyry  sills is  

phenocrys ts  of quartz   and some rare f l a k e s   o f   b i o t i t e ,  se t  i n  a f i n e   t o  
r e s t r i c t e d   t o   t h e  HOzameen Group. These sills contain  large,   rounded 

medium-grained quar tz - fe ldspar   mat r ix .  The quar t z   po rphyr i e s  look f r e s h  
b u t   t h e i r   r e s t r i c t i o n   t o   t h e  Hozameen Group sugges ts  t h , n t  they  p:redate 
the  tectonic   emplacement   of   this   uni t   adjacent  tb t h e   s e r p e n t i n e   b e l t .  

The  Ladner  Group i s  c u t  by  two main i n t r u s i v e   s u i t e s .  Cne forms  (dykes, 

v a r i a t i o n s  i n  tex ture   and   composi t ion .   Ind iv idua l   bodies  are zoned with 
s i l ls ,  and i r regular   masses   up to 300 metres i n   w i d t h  that  displaly  wide 

gabbro ic   and   u l t r abas i c   co res   g rad ing   ou t   t o  g ran i t ic  cont.act  zones. 'Ihe 
o t h e r   s u i t e  forms  narrow  dykes  and si l ls  of fe ldspar   porphyry   tha t   a re  
l o c a l l y   s y e n i t i c  (Bateman,  1911;  Cairnes,  1924).  Quartz  veining  with 
minor   pyri te ,   arsenopyri te ,   and traces of  gold  occur i n  some s i l ls  and 
dykes.  Consequently Bateman (1911) and Cairnes  (1924,  1929)  considered 
t h e s e   i n t r u s i v e   r o c k s   t o   b e   g e n e t i c a l l y   r e l a t e d  to some gold  mineral iz-  
a t i o n  i n  t h e   d i s t r i c t .  

GOLD IIIEIERALIZATION I N  THE BELT 

GENER?+L 

The l o c a t i o n s  of d e p o s i t s  and  occurrences  comprising  the  Coquihalla  gold 
b e l t   a r e  shown on Figure 22 and f u r t h e r   d e t a i l s  are l i s t e d   i n   T a b l e s  2 
and 3. Most gold  product ion  has  come from f i v e  depos i t s   (Tab le   2 ) :   on ly  
t h e  newly  opened Caro l in  Mines  Ltd. ope ra t ion  on the  Idaho  zone is  
cu r ren t ly   be ing  worked. Information on ear ly   go ld   p roduct ion  f r o m  the 
b e l t ,   p a r t i c u l a r l y  from t h e  Aurum and Ward d e p o s i t s ,  i s  poorly  documented 
and   unre l iab le .   Never the less ,  u n t i l  c l o s u r e  of the  Dnancipation n n e  i n  
1941,  approximately  119 000 grams of gold had been won from t h e  bel-t. Of 
t h i s ,   t h e   m a j o r i t y  (90  104  grams) came from  Dnancipation  mine,  the  most 
s o u t h e r l y   d e p o s i t   i n   t h e   b e l t   ( F i g .   2 2 ) .  

Ca ro l in  Mines Ltd. i s  p l ann ing   t o  mill 1 350 tonnes  of  ore  per  day, 
g rad ing  4.2 grams gold per tonne (P. W. Richardson,  personal communica- 
t i o n ) .  Shor t ly ,  one  month's  production from the  Idaho  zone is  expected 
to exceed  that  from the  previous  70-year   his tory  of   the  bel t .  

IDAHO ZONE (CAROLIN MINE) 

by  the  author   during  the 1982 f ie ld   season,   a l thclugh  labo.ratory 
No fu ther   sur face   o r   underground mapping  of the  Idaho  zone was undertaken 
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underground  mapping by J. T. Shearer  and R.J.E. Niels of Caro l in  Mines 
i n v e s t i g a t i o n   o f   t h e  ore geochemistry and  petrology  continued.  Hopefully 

L td . ,   t oge the r   w i th  a study  of the s u l p h i d e   d i s t r i b u t i o n   i n   t h e   I d a h o  
zone  (Shearer ,   1982) ,  w i l l  d e l i n e a t e   t h e  ore controls  and  morphology of 
the  deposi t .   Underground work on the   p rope r ty  (R.J.E. Niels, J. T. 

o f  a t  l e a s t  two major  orebodies; a lower (No. 1 o rebody) ,  and an  upper 
Shearer ,   personal  communication) i n d i c a t e s  t h a t  the  Idaho zone c o n s i s t s  

(No. 2 orebody) ,   separated by highly  sheared  and  faulted  carbonaceous 
a r g i l l i t e s .  The upper  orebody crops o u t   j u s t   n o r t h   o f   t h e   o l d   I d a h o   a d i t  
(Ray,  1982)  and was d iscovered   dur ing   the  i n i t i a l  su r f ace   exp lo ra t ion .  A 
rusty-weathering,  13-metre-wide  zone  assaying  up  to 4 800 ppb  gold  out- 

may be   the   sur face   express ion   of   the  lower orebody.  Comparative  analyses 
cropping  approximately  160 metres south-southeast   of   the   old  Idaho  adi t ,  

on mineralized  and  unmineralized  wackes  in  the  Idaho  zone  (Table  4)  sug- 
g e s t   t h a t   m i n e r a l i z a t i o n  was accompanied by t h e   i n t r o d u c t i o n  of si l ica,  

carbon  dioxide,   and  the  conversion  of   ferrous to f e r r i c   i r o n .   I n t r o -  
sodium and  sulphur,  the  removal  of  magnesium,  potassium, calcium and 

duc t ion   o f  sodium r e s u l t e d   i n   t h e   f o r m a t i o n  of abundan t   wh i t e   a lb i t e  

the  Idaho  zone is weakly to s t rongly  anomalous  in   copper ,   arsenic ,  
(?in3-5) i n   t h e  ore zone. Trace element analyses   (Table   4)  show t h a t   t h e  

molybdenum, antimony,  and  tungsten. 

S h e a r e r   ( 1 9 8 2 ) ,   i n  a s tudy  on the  su lph ide   d i s t r ibu t ion   w i th in   t he   Idaho  
zone, made the  fol lowing  observat ions:  

( 1 )  Mineral ized samples from  the  zone are s e p a r a b l e   i n t o   p y r i t e   d o m i n a n t  
and   pyr rhot i te   dominant   types .   Consequent ly ,   the   depos i t  may be 
zoned. 

( 2 )  Small g r a i n s  of  gold,  up t o  0.02 millimetre i n   s i z e ,   o c c u r   e i t h e r  as 
i n c l u s i o n s   w i t h i n   p y r i t e  and a r s e n o p y r i t e  or a s  rims on p y r i t e  and 
cha lcopyr i t e .  

( 3 )  Small g r a i n s  of f r ee   go ld ,   appa ren t ly   spa t i a l ly   i ndependen t  of 
su lph ides ,  are p r e s e n t   i n s i d e  some qua r t z ,  calci te ,  and f e l d s p a r  
c r y s t a l s .  

These   observa t ions   expla in  how samples 25163M and 25164M (Table   4) .   which 
are  arsenopyr i te   r ich   and   a rsenopyr i te   poor   respec t ive ly ,   could   bo th  
conta in   h igh   go ld   va lues .  They a l so   sugges t   t ha t   economica l   go ld  
m i n e r a l i z a t i o n  is p o s s i b l e   i n   s u l p h i d e - p o o r   p a r t s  of the  Idaho  zone. 
Thus,   whi le   arsenic  i s  a p a t h f i n d e r   f o r   g o l d   e x p l o r a t i o n   i n  parts of t h e  
be l t ,   go ld   could   a l so   occur   wi thout   a rsen ic   geochemica l   anomal ies .  

complex  his tory of m i n e r a l i z a t i o n ,   a l t e r a t i o n ,  and s t r u c t u r a l  deform- 
Examination  of t h i n  and  pol ished  sect ions  f rom the  Idaho  zone  reveals a 

a t i o n .  The minera l ized   wackes   cons is t   l a rge ly   o f   quar tz ,   a lb i te -  
o l i g o c l a s e ,  and ca lc i te  wi th  lesser amounts of c h l o r i t e ,  se r ic i te ,  and 
opaque  minerals.  These opaques,  which make up  between 1 and  15 per c e n t  
of the  rock by volume, are ma in ly   py r rho t i t e ,   a r senopyr i t e ,   py r i t e ,  and 
magnet i te .  
cha lcopyr i t e ,   bo rn i t e ,   and   go ld   (Kay i ra ,   1975) .  Ore specimens are 

Less common opaques, in   decreas ing   abundance ,   inc lude  
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c h a r a c t e r i z e d  by coa r se ,   subhedra l   c rys t a l s  of p y r i t e  ,and a r senopyr i t e  
w i th   f i ne r   g ra ined   d i s semina t ions  and clusters of p y r r h o t i t e ,  magnetite, 
a n d   p y r i t e .  The magnet i te  shows  no spa t i a l   a s soc ia t ion   w i th   SUI -ph ides  
and is the   o ldes t   opaque   minera l  present i n   t h e  ore. Arsenopyri te  also 
appears   to   have   been   in t roduced   ear ly  because some c r y s t a l s   a r e   p a r t l y  
rimmed with small b l e b s   o f   p y r i t e  and p y r r h o t i t e .  

The Idaho  zone i s  cha rac t e r i zed  by  a c losely  spaced,   i r regular   network  of  
whi te   ve in  material, r e p r e s e n t i n g   t h e   i n j e c t i o n  of many gene ra t ions  of 
q u a r t z ,   c a l c i t e ,  and a l b i t e .  lhe development  of  sigmoidal  gash  fractures 
and  the wide v a r i a t i o n   i n   v e i n   d e f o r m a t i o n ,  from h igh ly   fo lded   t o  
appa ren t ly  undeformed,   suggests   that   the   mult is tage in: ject ion occurred 
d u r i n g  a long period  of recurrent s t ruc tura l   deformat ion .   Whi te  q u a r t z  
ve ins ,   gene ra l ly  less than  15  centimetres  wide,  comprise  the  conmonest 
v e i n   m a t e r i a l  on megascopic scale. A t  l e a s t   t h r e e   g e n e r a t i o n s  are 
recognized  and a l l  appea r   t o   pos tda t e   t he  main per iod  of gold-sulphide 
mine ra l i za t ion .  Many veins   are   monomineral ic   but  i n  o t h e r s  the qua r t z  
c r y s t a l s  are intergrown  with  variable  amounts of c a l c i . t e ,   a l b i t e ,  and 
c l i n o z o i s i t e ;  i n  rare ins tances  the re  are small f l a k e s  of pyrobitumen. 
Some q u a r t z   v e i n s   t h a t   c u t  and  postdate  the  main F2 s l a t y   c l e a v a g e  (see 

q u a r t z   c r y s t a l s  t h a t  are e l o n g a t e d   p a r a l l e l   t o   b o t h   t h e  F2 f o l d   a x i a l  
Table  1 )  are seen   unde r   t h in   s ec t ion   t o  be folded  and  contain  s t ra ined 

p lanes   and   the   s la ty   c leavage .  mese ve ins  are i n t e r p r e t e d   t o   b e  of  syn- 
F2 age ,   be ing   in jec ted  a f t e r  t h e  ma in  cleavage  development,   but  before 

v e i n s  d i sp l ay   f i ne ly   su tu red   marg ins   sugges t ing   c rys t a l l i za t ion   du r ing  
t h d t   p e r i o d  of   deformation  had  ceased.   Larger   quartz   crystals  in these  

s t r a in   (Spry ,   1969) .  

While   quartz   veining is  ub iqu i tous   i n   t he   Idaho   zone ,   ca l c i t e   ve in ing  i s  

p o s t d a t e   a l l   o t h e r   v e i n i n g   e p i s o d e s  and show no evidence  of  folding. 
f a r  less abundant   and  tends  to  be loca l i zed .  lhe c a l c i t e  veins  appear to 

However,  minor f au l t i ng   has   occu r red   a long  some and i n  t h i n   s e c t i o n  many 
c a l c i t e   c r y s t a l s   e x h i b i t  deformed  twin  planes. 

q u a r t z  or c a l c i t e .  However, i n  t h i n  s e c t i o n  the effects of sodium 
On the  megascopic scale, a l b i t e   v e i n i n g  is less e v i d e n t   t h a n   e i t h e r  

metasomation are  ref lected by a t  least th ree   gene ra t ions  of a l b i t i z a t i o n .  
D i s semina ted   and   pa r t i a l ly   a l t e r ed   a lb i t e -o l igoc la se  (Pn3-15) c r y s t a l s  
make up a s i g n i f i c a n t   p r o p o r t i o n  of the fine-grained  or '? groundma.ss  and 
r e p r e s e n t   t h e   o l d e s t   g e n e r a t i o n  of a l b i t i c  material. T h i s  d isseminated 
a l b i t i c  groundmass is c u t  by numerous thin,   folded  veins   of   poorly 
twinned   second  genera t ion   a lb i te .  The youngest material gene ra l ly  forms 

coa r se ,   we l l - tw inned   a lb i t e   c rys t a l s  (An3-5)*  up to  El millimetres i n  
v e i n l e t s  and  disseminated masses throughout  the  ore  zone. I t  consists of 

f ragments   of   sulphide-r ich ore a r e   e n t i r e l y   e n g u l f e d   i n   t h i s   t h i r d  
length  with  local ly   deformed t w i n  planes.   Locally, .  small angular  

g e n e r a t i o n   a l b i t i c  material. 

P y r i t i c   a r g i l l i t e s   w i t h   a b u n d a n t   q u a r t z   v e i n i n g  occur within  and  adjacent  
t o  the  Idaho  zone  but   these  rocks  general ly   contain no gold {R.J.E. 
Niels, personal  communication) . Abundant  minute  carbonaceous  lenricules 

* I d e n t i f i e d  by X-ray d i f f r a c t i o n   u s i n g  a method descr ibed  by  Bambauer, 
et dl., 1967. 
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are   seen   under   th in   sec t ion .  They a r e   e l o n g a t e d   p a r a l l e l   t o   t h e  F2 
c h l o r i t e - s e r i c i t e   c l e a v a g e   ( T a b l e  1 ) .  These a r g i l l i t e s  have  prefer- 
e n t i a l l y   t a k e n  up s t r a i n  and a r e   c u t  by  many f a u l t   p l a n e s   t h a t  are 
smeared w i t h  carbonaceous  material   and marked by s l i ckens id ing .  X-ray 
examination shows tha t   the   carbonaceous   mater ia l  i n  bo th   the   fau l t   p lanes  
a n d   a r g i l l i t e s  is amorphous;  thus  the  regional  metamorphic  grade was too 
low t o   p r o d u c e   c r y s t a l l i n e   g r a p h i t e .  

I n  r a r e   i n s t a n c e s ,  w h i t e  qua r t z   ve ins   con ta in   sma l l   f l akes  of pyrobitumen 
whose o p t i c a l  a n d   p h y s i c a l   c h a r a c t e r i s t i c s   s u g g e s t  i t  has  acquired a 
matura t ion   equiva len t   to   meta-an thrac i te  (J. Kwong, personal  communica- 
t i o n ) .  These   py rob i tumen   f l akes   a r e   be l i eved   t o   r ep resen t   o r ig ina l  
amorphous  carbonaceous  material  derived  from t h e  wallrocks  and  meta- 
morphosed  during  the  quartz v e i n  i n j e c t i o n .  S ince  meta-anthracite  forms 
between 238 and 266 degrees  C e l s i u s  a t  an equ iva len t   p re s su re  of  about 
0.2 GPa (Brownlow, 1979),  i t s  presence may i n d i c a t e  the approximate 
temperature  pressure  range  attained  in  the  Idaho  zone. 

MURPHY GOLD OCCURRENCE 

The Murphy gold  occurrence i s  located  approximately 400 metres  north- 
northwest  of McMaSter pond (F ig .  2 3 ) .  It was d i scove red   i n  1982 by 
prospec tor  D. Murphy, w h i l e   i n v e s t i g a t i n g  a s o i l  geochemical  gold  anomaly 
o u t l i n e d  by Caro l in  Mines Ltd. The m i n e r a l i z a t i o n   c o n s i s t s  of f i n e   g o l d  
wi th   py r i t e   and   a r senopyr i t e  i n  a quartz  vein  between 5 and 20 c e n t i -  
metres i n  width. The vein  can be t r aced   d i scon t inuous ly   fo r  20 metres 
wi th in   a l t e r ed   g reens tones   immedia t e ly   ad jacen t   t o   t he i r   f au l t ed   con tac t  
w i th   h igh ly   shea red   t a l cose   s e rpen t in i t e s .  This f r a c t u r e  zone r ep resen t s  

ve ry   gen t ly   no r theas tward   i n to   t he   h i l l s ide .  The da rk   b r i ck   r ed   so i l  
t he   s t eep ly   d ipp ing  Fast Hozameen f a u l t ;   t h e   q u a r t z   v e i n ,  however, d i p s  

over   the  occurrence  contains   pannable   gold.  

q u a r t z   c r y s t a l s ,  and the   su lphides  are v i s u a l l y   e s t i m a t e d   t o  form l e s s  
The minera l ized   whi te   quar tz   ve in   conta ins   smal l  vugs l i n e d   w i t h   c l e a r  

than 2 p e r   c e n t  by volume.  Gold i s  most commonly seen   a s  a f i n e  coa t ing  
on  chocolate  brown a l t e r a t i o n   p r o d u c t s ;  the l a t t e r   c o n t a i n s  a mixture  of 
goe th i te ,   hemat i te ,   and   lep idocroc i te   wi th  some remnant   pyri te .   Else-  
where,   f ine  gold i s  assoc ia ted   wi th   bo th   pyr i te   and   a rsenopyr i te   and ,  i n  
r a r e   i n s t a n c e s ,  it is f r e e  i n  t he   qua r t z .  Both gold  and  sulphides  occur 
a t   the   vein  margins  and ve in   cen t res .  

SILT GEOCMISTRY 

Approximately 80 s i l t  samples  were  collected from streams  within  the 
mapped area;  these  have  been  assayed  for  gold,   arsenic,  chromium,  copper, 
mercury,   nickel,   lead,  antimony,  zinc,   and  cobalt .  No s t a t i s t i c a l  
a n a l y s i s  of t h e  data  has  been made ye t ,   bu t   the   fo l lowing   po in ts   a re  
noted: 
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stream with marked a r s e n i c  and  mercury anomalies ( 1  5 2  ppn and 180 
Tangent  Creek,  which  drains the o l d   h a n c i p a t i o n  mine, is the   on ly  

ppb r e s p e c t i v e l y ) .  

Some streams d r a i n i n g   t h e   s e r p e n t i n e   b e l t  are h ighly   anoma1.0~~ i n  
chromium  and n i c k e l   ( u p  to 0.11 per cen t  and 0.14 per c e n t  :respec- 
t i v e l y ) .  

Many streams d ra in ing   t he   ea s t e rn   s ide  of Ladner  #Creek  Vall.ey are 
weakly to moderately  anomalous i n   z i n c   ( u p  t o  287 ppn) . These 
streams d r a i n  the Needle  Peak  pluton  and i t s  wide thermal meta- 
morphic   aureole   in   the   Iadner  Group. 

No anomalous  cobalt  or  antimony  values  were  recorded. 

One l a r g e  stream flowing  southwestward  from b u n t   S n i d e r   i n t o  
Sowaqua  Creek contains  anomalous  lead ( 5 8  ppn)  and  zinc (6015 ppn) .  
Th i s  raises t h e   p o s s i b i l i t y   t h a t   t h e  stream dra inage   bas in  i s  under- 
l a i n  by lead-zinc-s i lver   veins ,   s imilar   to   those  found  around 
Treasure  Mountain 10 k i lome t re s   fu r the r  west. 

DISCUSSION 

DEPOSITIONAL ENVIRONMENT AND STRATIGRAPHY OF THE LADNER [GROUP 

Overal l ,   the   Ladner  Group is  an  upward f in ing   success ion .  It passes from 
a th in ,   he te rogeneous ,   coarse ly  c las t ic  u n i t  a t  t h e   b a s e   i n t o  a much 
th i cke r   s equence   o f   f i ne ly   bedded   s i l t s tones   and   a rg i l l i t e s .  %e lower- 
most u n i t   i n c l u d e s   d i s c o n t i n u o u s  wedges  of coa r se ,   poor ly   so r t ed   ma te r i a l  
in te rbedded   wi th  lesser amounts  of f iner   sed iment .   This  implies r a p i d l y  
a l t e r n a t i n g   p e r i o d s  of low and  high  energy  deposi t ion,   the  l a t t e r  invol-  
v ing   h igh   dens i ty   tu rb id i tes   and   chaot ic   s lumping .  The ,extreme v a r i a t i o n  
i n  th ickness  and character of the l o w e r  c las t ic  u n i t   s u g q e s t s  t h a t  e i ther  
r a p i d   l a t e r a l   f a c i e s   c h a n g e s   e x i s t e d   o r   t h a t   t h e  mari.ne t r ansg res s ion  

s t r u c t u r e s  i n  some basa l   beds   i nd ica t e  a n  e a s t e r l y   d e r i v a t i o n ,  while t h e  
took   p lace  ac ross  an irregular basement topography.  Overturned  flame 

a s s o r t e d   p e b b l e   l i t h o l o g i e s  show a source   under la in  by greens tones ,  
g r a n i t i c  and  gabbroic   rocks,   f low-banded  acid  to   intermediate   volcanic  
rocks,  and some limestones. 

The f i n e l y  bedded s i l t s t o n e s  and a r g i l l i t e s   c o m p r i s i n g  t h e  h ighe r   po r t ion  
of the  Ladner Group succession  (Ray,  1982) are b e l i e v e d   t o   r e p r e s e n t  DE 
t u r b i d i t e s  (Eouma, 1962) d e p o s i t e d   i n  a low energy,  deeper water environ- 
ment. In  parts,  t h i s   s equence   con ta ins   t h in ,   imper s i s t en t   ho r i zons  of 
coarse wacke  which r e f l e c t   t h e   p e r i o d i c   i n f l u x  of   h igher   energy   tu rb id i te  
sediments .  Cne such wacke horizon is  t r a c e a b l e  for 900 metres and  hosts  
t he   go ld   mine ra l i za t ion  a t  Pipestem mine. I t  a l s o   c o n t a i n s  be1.emnites 
and  bivalves ,   the   only  Ladner  Group f o s s i l s   s e e n   i n   t h e   d i s t r i c t .  
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GREENSTONES 

con tac t   t he re   a r e   aquagene   b recc ia s  and ves i cu la r   p i l l owed   basa l t s ,   wh i l e  
The greenstones  are   general ly   massive  but   adjacent   to   the  Iadner  Group 

f u r t h e r  west, a d j a c e n t   t o   t h e  Qst  Hozameen f a u l t ,   t h e  u n i t  inc ludes  
bodies  of  gabbro-diorite  (Fig.   24A). These bodies  may have  formed  feeders 

s u b m a r i n e   e x t r u s i v e   b a s a l t s   t o   p l u t o n i c   g a b b r o s   c o u l d   r e f l e c t  a g rada t ion  
t o   t h e   o v e r l y i n g   l a v a s  and  thus  the  present westerly progression from 

from near   surface to deeper   l eve ls .  

The Iadner  Group-greenstone  contact i s  be l i eved   t o   r ep resen t   an  uncon- 
formi ty .   This  i s  t en ta t ive ly   suppor t ed  by microfossi l   evidence  and by 
the   p re sence  of both  greenstone and g a b b r o i c   c l a s t s  i n  the  basal  Ladner 

was  deeply  eroded  pr ior   to   the  onset  of Lawer Jurass ic   (Coates ,   1974)  
Group  conglomerates.   These  suggest  that   the Lower T r i a s s i c   v o l c a n i c   p i l e  

Ladner  Group  sedimentation. 

EVOLUTION OF THE COQUIHALLA SERPENTINE BELT 

Extensive  serpent ine  bel ts   throughout   the  world  are   bel ieved  to   represent  
e i t h e r   o c e a n i c   c r u s t   o r   u p p e r   m a n t l e  material t h a t  w a s  emplaced e i t h e r  as 

i n  a l loch thonous   t h rus t s  formed  during  major  orogenic  plate movements. 
low t e m p e r a t u r e ,   p l a s t i c   i n t r u s i o n s   a l o n g   v e r t i c a l   f r a c t u r e s   o r   a s   s l i c e s  

Se rpen t ine   be l t s   a r e   gene ra l ly   a s soc ia t ed   w i th   fundamen ta l   f r ac tu re s   t ha t  
a r e   b e l i e v e d   t o  mark major c rus ta l   boundar ies   (Shackle ton ,   1976) .  The 
Coquiha l la   se rpent ine  belt s e p a r a t e s  two impor t an t   geo log ica l   un i t s ,   t he  
Hozameen and  Iadner   Groups,   that   are  of d i f f e r e n t   a g e  and c o n t r a s t i n g  
c h a r a c t e r .  It is bounded by major f r a c t u r e s   t h a t  are i n t e r p r e t e d   t o  be 
r e f o l d e d   t h r u s t   f a u l t s .   F i e l d  and l a b o r a t o r y   d a t a   e x p l a i n i n g   t h e   o r i g i n  
and   deve lopnent   o f   the   Bquiha l la   se rpent ine  belt is preliminary  and 
inconclusive;   consequent ly  two a l t e r n a t i v e  models a re   p re sen ted   (F igs .  
2 4 B  and 24C) .  'Fne s e r p e n t i n e   b e l t  may represent   obducted   oceanic   c rus t  
(Ray ,  1982;  Fig. 2 4 B )  which o r i g i n a l l y   u n d e r l a y ,  and  formed a basement 

emplaced by e a s t e r l y   d i r e c t e d  o v e r t h r u s t i n g   t h a t   c a u s e d   t e c t o n i c   i n v e r -  
t o ,   t h e  Hozameen Group. In  t h i s  model both  a l lochthonous  uni ts  were 

s i o n  i n  some p a r t s  of the   Iadner  Group (Fig.  24B). m i s  model sugges ts  
t h a t   t h e  main over thrus t ing   occur red   a long   the  East Hozameen f a u l t ,  and 
t h a t   t h e   s e r p e n t i n i t e s  and  greenstones  are   unrelated.  However, t h i s  

proposed by Wnger,  et dl. (1972) and Monger (1 977) t o   e x p l a i n   t h e  forma- 
obduct ion model is d i f f i c u l t   t o  reconcile with the p l a t e   t e c t o n i c  models 

t i o n  of the Canadian  Cordillera.   Furthermore,  X-ray  and t h i n   s e c t i o n  
examination of rocks  immediately  adjacent   to   the Bst HOzameen f a u l t  
r e v e a l s  no high  temperature   minerals  l i k e  those  found i n  t h e   t h i n ,   b a s a l  
au reo le s   unde r ly ing  many obducted,  Alpine-type  ophioli te  complexes 
(Williams and  Smyth,  1973) . 
A n  a l t e r n a t i v e   p r o p o s a l   ( F i g .  2412) is t h a t   t h e   s e r p e n t i n i t e s  and green- 
s t o n e s   a r e   r e l a t e d ,  and represent   lower  and upper   oceanic   c rus ta l  
m a t e r i a l  which o r ig ina l ly   unde r l ay  and acted  as  basement  to  the  Ladner 
Group. S t r u c t u r a l   i n v e r s i o n  of t h e s e   u n i t s  took  place  during  easter ly  
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WEST EAST 
WHF EHF 

LEGEND 

HOZAMEEN GROUP [7 LADNER GROUP P =  PILLOWED VOLCAN1C:S 

 SERPENTINE [3 GABBRO 
WHF = WEST HOZAMEEN  FAULT 
EHF = EAST  HOZAMEEN FAULT 

V o L c A N l c  GREENSTONES + YOUNGING DIRECTION 
IN  THE  LADNER GROUP 

A = PRESENT DAY  DIAGRAMMATIC EASTNVEST SECTION ACROSS THE  SERPEhTlNE  BELT I N  THE 
EMANCIPATION  MINE  VICINITY 

B A N 0  C = TWO ALTERNATIVE  MODELS SHOWING  POSSIBLE EVOLUTION OF THE  COOUIHALLA 

B = EASTWARD  OVERTHRUSTING OF THE  HOZAMEEN GROUP AND UNDERLY1h:G  OCEANIC  CRUST 
ALONG  THE  EAST  HOZAMEEN  FAULT,  CAUSING  TECTONIC  INVERSION  IN  THE  VOLCANICS  AND 
LADNER GROUP 

SERPENTINE BELT 

C = EASTWARD  OVERTHRUSTING OF THE  HOZAMEEN GROUP ALONG  THE WEST HO2AMEEN  FAULT 
CAUSING  TECTONIC  INVERSION OF THE  LADNER GROUP AND  UNDERLYING OCEANIC CFIUST 

Figure 24. Evolut ion of t h e  Ccqulhal l a  serpent ine  bel t .  
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place a long   t he  West Hozameen f a u l t .  me Ladner  Group, the   g reens tones ,  
o v e r r i d i n g  of t h e  Hozameen Group b u t   t h e  main  movement i n   t h i s  model  took 

and   t he   s e rpen t in i t e -gabbro   be l t   cou ld   r ep resen t   r e spec t ive ly  the clas- 

a re  r e c o g n i z e d   i n   t h e   C o q u i h a l l a   b e l t .  
s i c a l  ocean ic   l aye r s  1 ,  2, and 3 (Cann,  1974)  although no sheeted  dykes 

D i f f e r e n t   t e c t o n i c   r e l a t i o n s h i p s  are i m p l i e d   i n   t h e s e  two models,  but i n  
bo th ,   t he   l adne r  Group is i n t e r p r e t e d  to be  deposi ted on ocean ic   c rus t ,  
a n d   t h e  HOZameen Group i s  viewed as al lochthonous.  However, i n t e r p r e t a -  
t i o n  i s  complicated by accompanying r i g h t  l a t e ra l  t r a n s c u r r e n t  movements 
a long   t he  Hozameen f au l t   sys t em,  similar to t h a t   d e s c r i b e d  i n  other   major  
s t r i k e - s l i p   f a u l t s   i n   t h e   C a n a d i a n   C o r d i l l e r a   ( f o r   e x a m p l e ,  lkmpleman- 
K l u i t ,  1977;  Monger,  1977)  and  by subsequent  deformation  and  refolding. 

GOLC MINERALIZATION 

An overa l l   examina t ion   o f   depos i t s  and  occurrences i n   t h e   C o q u i h a l l a   g o l d  
b e l t   ( F i g .  22; Tables 2 and 3)  r evea l s   t he   fo l lowing   f ea tu re s :  

fau l t -bounded  se rpent in i tes ,   and  small outcrops  of fuchs i t e -bea r ing  
Coqu iha l l a   go ld   be l t   m ine ra l i za t ion  i s  proximal to greens tones ,  

quar tz   carbonate   rock .  mese associations are similar t o   t h a t  seen 
a t  the  Bralorne-Pioneer  mines  (Cairnes,   1937;  Joubin,   1948),   the 
Cassiar gold  camp (Panteleyev  and Diakow, 1982).  and  the  Mother Lode 
b e l t  of C a l i f o r n i a  (as noted by C a i r n e s ,  1929).  

Norm and  Georgia 2 occurrences  whose precise l o c a t i o n s  are un- 
lhe occurrences   and   depos i t s ,   wi th   the   poss ib le   except ion   of  the 

c e r t a i n ,  are s i t u a t e d  east  of  the East  Hozameen f a u l t   ( F i g .   2 2 ) .  

t i v e l y  uncommon t h r o u g h o u t   t h e   b e l t  (a noted  except ion is t h e  Aurum 
?he gold  i s  g e n e r a l l y   f i n e   g r a i n e d ;   c o a r s e   v i s i b l e   g o l d  is rela- 

m i n e r a l i z a t i o n ) .  

All g o l d   m i n e r a l i z a t i o n   i n   t h e  belt is  i n  h igh ly   f r ac tu red   hos t  
rocks.  It was accompanied by the in t roduc t ion   o f  s i l ica  which 
forms  e i ther   d i scree t ,   genera l ly   nar row  quar tz   ve ins   (Emancipa t ion  
mine, Murphy occurrence ,   bnument   ve in)  or wider  zones  of  intense 
ne twork   ve in ing   and   d i f fuse   s i l i c i f i ca t ion   ( Idaho   and  kMaster 
zones) .  

Gold t h r o u g h o u t   t h e   b e l t  is as soc ia t ed   w i th   va ry ing   deg rees  of 
s u l p h i d e   m i n e r a l i z a t i o n  (see Ray, 1981) .   These  sulphides   include 
p y r i t e ,   a r s e n o p y r i t e ,   p y r r h o t i t e ,  and cha lcopyr i t e .  

Gold m i n e r a l i z a t i o n   o c c u r s   i n  a wide  var ie ty   of   f ractured  host   rock 
types   tha t   inc ludes   g reens tone   (Emancipa t ion  mine  and Murphy occur- 
r e n c e ) ,  f e l s i t e  porphyry si l ls  (Ward and m i g r a n t ) ,  and  metasedi- 
mentary  rocks  of  the  Iadner Group (Idaho  and WMaster zones, 
Pipestem, Rush  of the   Bul l ,  G e m ,  Golden  Cache, Home X, and t h e  Spuz 
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occurrences) .  However, these   hos t   rocks   share  a common charac te r -  
is t ic -- they   a re  more competent than  the  surrounding  country  rock. 
Consequently  they  were b r i t t l e  and s u b j e c t   t o  open  space  f ractur ing.  
Gold m i n e r a l i z a t i o n   i n   t h e   b e l t  is t h e r e f o r e   p r e f e r e n t i a l l y   h o s t e d  
e i t h e r   w i t h i n   t h e  wackes  and f e l s i t e  sills o r  i n  faul t   zones  between 
competent  and  incompetent u n i t s ,  l ike   those   separa t ing   greens tones  
from  metasedimentary  rocks. 

Studies   are   incomplete ,   but  few occurrences i n  t he   be l t ,   i nc lud ing  

wh ich   d ra ins   t he   hanc ipa t ion  mine,  has  anomalous  mercury s i l t  
the  Idaho  zone, show enrichment i n  mercury. However, Tangent  Creek, 

va lues   (up   t o  180 ppb mercury)  which  suggests a gold-mercury 
a s soc ia t ion  i n  t h i s   d e p o s i t .  

Gold mine ra l i za t ion  i n  t he  Spuz occurrence  and a t  the  Idaho :zone is  
assoc ia ted  w i t h  weak tungsten  geochemical  anomalies. 

The source of the  Idaho  zone  gold  mineralization i s  uncer ta in .  How- 

nea rby   sp i l i t i c   vo lcan ic   rocks ,   sugges t s   t ha t   t he   q reens tones   cou ld  
ever ,  the in t roduc t ion  of  sodium,  which is probably  der ived f.rom the  

represent   the  source of the  gold. 

Weathered,  gold-bearing  outcrops of the Idaho  and  Wklaster zoc.es a r e  
cha rac t e r i zed  by black manganese oxide  and  rusty  s ta ining,   together   with 
su lph ide   mine ra l i za t ion  and a dense  network of quar tz  v e i n s .  However, 
many o ther   s imi la r ly   minera l ized   quar tz   ve ined   ou tcrops   ex is t   th roughout  
t h e   b e l t ,   p a r t i c u l a r l y   n o r t h  of the Aurum depos i t   (F iq .  23) where the 

gold  but  most appear barren and the re  is no r e l i a b l e   f i e l d  method f o r  
lower c l a s t i c  u n i t  of the  Ladner Group is best   developed. A few carry 

d i s t i n g u i s h i n g   t h e s e  two, a l though  outcrops  with  chalcopyri te  t:end t o  
carry gold   a l so .   Future   s tud ies  may r evea l   zon ing   pa t t e rns ,   r a i s ing  a 
p o s s i b i l i t y   t h a t  some  of these  barren  sulphide-bear inq,   quar tz   veined 
outcrops  could  pass   into  gold-bear ing  ore  a t  depth. 

The temperature of minera l iza t ion  i n  the  Idaho  zone is uncertain. ,  How- 
ever ,  the s t a b i l i t y   d a t a   f o r   m e t a - a n t h r a c i t e  from the  Idaho  zone  quartz 
ve ins  suggest temperatures of 250 degrees C e l s i u s  w e r e  a t ta ined .  T h i s  
l i e s   w i th in   t he   t empera tu re   r ange   e s t ab l i shed  by f lu id   j . nc lus ion   s tud ie s  
for  many vein-type  deposits  (Spooner,  1981 ) . 
ACXWCMLEWIEWTS 

The author  wishes  to  thank the management  and s t a f f  of  Carolin Mines  Ltd. 
and  Aquarius  Resources  Ltd.  for their ac t ive   coope ra t ion  and  encourage- 
ment  during this p r o j e c t ,   p a r t i c u l a r l y  D. G. Cardinal ,  K. O D l l i n s ,  
C .  Hrkac, R.J.E. Niels ,  P. W. Richardson, and J. T. Shearer.  Thanks a r e  

p repa ra t ion  and i d e n t i f i c a t i o n  of mic ro foss i l   ma te r i a l  and t o   t h e   s t a f f  
a l so   expres sed  t o  M. Orchard  of the Geological  Survey clf Canada f o r   t h e  

o f   t he  B.C. Minis t ry  of Energy, Mines and  Petroleum  Resources  Laboratory 
f o r   a n a l y t i c a l  and  X-ray  work. W. J. WMillan  and T .  H5y edi- ted  the 
manuscript .  The fieldwork was helped by the   con t inued   exce l l en t   pe r fo rm 
ance of Pa t r i ck   Des j a rd ins  as f i e l d   a s s i s t a n t .  

75 



TABLE 1. STRUCTURAL  HISTORY  OF  THE CAROLIN  MINE AREA 

La te   f au l t i ng .  

F2 

assoc ia ted   w i th   k ink   band ing   and   c renu la t i on  
Sporad ica l l y  developed, minor   con jugate   fo lds  

c i eavage. 

Ma jor   asymmet r ic   fo ld ing   o f   the   Ladner  Group. 
Folds  have  subhor izonta l   axes  wi th   southeast -  
s t r i k i n g   a x i a l   p l a n e s   t h a t   d i p   s t e e p l y  
northeast.  No associated  metamorphic  axia I 
p lana r   f ab r i c   recogn ized .  

sou theas t - s t r i k i ng   ax ia l   p lanes   and   gen t l y  
Ma jor   d isharmon ic   fo lds   hav ing   subver t i ca l .  

reg iona l   ax ia l   p lana r   s la t y   c leavage   and  
p lung ing  axes. It i s  a s s o c i a t e d   w i t h   t h e  

d i s r u p t i o n   a n d   q u a r t z   v e i n i n g   a l o n g  some f o l d  
minera l  I I n e a t i o n   i n   t h e   L a d n e r  Group. Ma jor  

l imbs  and  ax ia l   p lanes .  

Widespread s t r u c t u r a l   i n v e r s i m  of t h e   L a d n e r  
Goup  and  greenstones,  re lated t o  t h e   e a s t e r l y  
o v e r t h r u s t i n g  of t h e   a l  lochthonaus Hozameen 
G-oup. No a s s o c i a t e d   a x l a \   p l a n a r   t a b r i c  
recognized. 

Ear ly  to Middle  Jurassic ? Depos i t i on   o f   t he   bdner   Goup   sed imen ta ry  
( b a t e s ,  1974) rocks. - Unconformlty - 

E a r l y   T r i a s s i c  7 Submarine v o l c a n i s m   w i t h   e x t r u s i o n   o f   p i l l o w e d  
basal is  (greenstones).  

TAME 2. MAJOR  GOLD  PRODUCERS I N  THE  COQUIHALLA GOLD BELT (see  Fig. 22) 

No. on Name of Y e a r b )  of Tot a I Sources 
F i s  22 M i  ne  P r o & c t i o n  Produc t ion  (9) 

Au As 

I Emancipation 1916-1941 90 104 18 818 1 

2 Aurum 1930-1932 16 578 3 017 1 
1939-1 942 

3 Idaho zone  1981-1982 253  216 Nat 2 
(Caro l in   mine)  repo r ted  

4 Pipestem 1935-1937 8 460 1 151 1 

5 nard 1905 4 199 Nat 1 
r e p o r t e d  

Sources 
1 B.C. M inera l   Inventory   F i  la 
2 Gold  shipped up to bcember 31, 1982; P. W. Richardson,  personal 

comnu n I ca t  ion. 
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TABLE 3. REPORTED  GOLD  OCCURRENCES I N  THE  COQUIHALLA GOLD BELT (see Flg. 22) 

No. on Name 
Fig.  2 2  

6 Broken H I  I I 

7 Snarstorm 
( P l t t s t u r g )  

8 Montana 

9 Rush  of t h e  B u l l  

10 Golden  Cache 

1 1  M a s t e r  zone 

12 Murphy 

13 Gem 

1 4  S t a r  

1 5  Home x 

b t a l  I s  Sources 

S l n g l e   q u a r t z   v e i n   u p  t o  3 metres  wide  and 60 
metres  long i n  Ladner  Group s l a t e s   c l o s o   t o  

1 

t h e l r   c o n t a c t   w i t h   g r e e n s t o n e s .   h c e r t a l n  

galena. 
g o l d   v a l u e s   w i t h   p y r l t e ,   a r s e n o p y r i t e   a n d   r a r e  

T w e l v e m e t r e l o n g   a d i t   a l o n g   m i n e r a i l z e d   z o n e  1, 2 
between  Ladner  Group  and  volcanic  greenstones. 
p l a r t z   v e l n   u p   t o  3 me t res   w lde   w l th   py r i t e ,  
a rsenopyr i te ,   py r rho t i te .   and  go ld   Ca l rnes  

ton. 
(1924) r e p o r t s   g o l d   v a l u e s   o f   u p   t o  $8.(10 pe r  

G o l d   a n d   D v r l t k b e a r i n a   5 t e n t i m s t r e w I  de 11 . .  
quar tz   ve lns  I n  greenstones  c lose t o   c o n t a c t  
w i t h  Ladner &cup. 

- 

Two n a r r w   ( I O s e n t l m e t r e )   q u a r t z   v e l n s .  
m i n e r a l i z e d   w i t h   c o a r s e   a r s e n o p y r l t e   a m i   f r e e  
gold.  Velns c u t  Ladner G-oup s l a t e s   n e w  
t h e i r   c o n t a c t   w i t h  a fe ldspar   porphyry !;I (I. 

A t  l e a s t  s i x  nar ra r   qua r t z   ve lns   spa r in 'g l y  2 
m l n e r a l i z e d   w l t h   p y r l t e a r s e n o p y r i t e   a n 1  l o w  
gold  values.  Velns  bel leved t o  I l e  clo!;e t o  
t h e  Ladner  Group-volcanic  greenstone  colitact. 

N e t w o r k   q u a r t z   v e l n l n g   w l t h   p y r i t e ,  1 5  

f rac tu red ,  Ladner  0-oup wackes and SI It!;tones 
arsenopyrite,  and  gold,  hosted i n  hlghl!r 

c l o s e  t o  t h e i r   c o n t a c t   w i t h   g r e e n s t o n e s .  
M l n e r a l i z a t l o n   a n d   n e t w r k   v e i n l n g  closttly 
resembles t h a t  i n  t h e   I d a h o   z o n a  

2 

V i s i b l e   g o l d   w i t h   p y r i t e   a n d   a r s e n o p y r l t e  15 

greenstone Close t o   t h e l r   f a u l t e d  contaczt w i t h  
hosted I n  a t h in .  vuggl   quar tz  vein c u t t l n g  

s e r p e n t l n l t a  

Two-met rewide   quar tz   ve in   w l th ln   Ladner  
G-OUD. Both   ve ln   and  wa l   I rock   shu   soarse  

2 

p y r t i e - e r s e n o p y r i t e   m l n e r a l i i a t i o n   w i j h  
pannable  gold, 

c u t t i n g  Ladner  Group  rocks,  carry  pyrite, 
@ a r t 2   s t r l n g e r s   u p  t o  15 cent imet res   w lde  12 

arsenopyrlte,  and low gold  values. 

Numerous t h l n   q u a r t z   s t r i n g e r s   c o n t a i n l n g  3, 15 
pyr l te,   arsenopyr l te,   and I w  g o l d  values. 
Velns c u t   b l a c k   s l a t e s   o f   t h e  Ladner Q-wp 
c l o s e  t o  t h e i r   c o n t a c t   w l t h  a f o s s l l i f f r o u s  
wacke horizon. A c o l l a p s e d   a d i t   o f  unknown 
length  i s  on property.  
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TABLE 3. REPORTED  GOLD  OCCURRENCES I N  THE  COQUIHALLA GOLD BELT (Continued) 

No. on Name 
Fig.  22 

b t a i   i s  Sources 

16 Georgia 2 P rec i se   l oca t i on   unce r ta in .   Fy r i t e ,  
a r s e n o p y r i t e ,   a n d   g o l d   w i t h i n   f a u l t e d   d i o r i t e s  

contusion  over  gold  values.  Cairnes  (1929) 
(p robab ly   pa r t  of greenstone  package). Some 

r e p o r t s  2.5 t o n s  o f  ore gave $9.00 p e r   t o n  
g 0 l Q  

4, 15 

16 Norm C l a i m   a r e   i n   t h e   v i c i n i t y  o t  Georgia 2 5, 15 

anomal ies  and  pannable  go ld  f romquar tz-  
o c a r r e n c e   n e a r  Sp I der Peak. Go I d  geochemi  ca I 

veined, m r i p o s i t e f u c h s i t e b e a r i n g  rocks. 

17 Emi g r a n t   M i n o r   g o l d   i n   q u a r t z   v e i n s   a s s o c i a t e d   w i t h  
f e i s i c   p o r p h y r y   s i l i s   i n t r u d i n g   t h e  Ladner 
Croup slates.  

6 

18 Roddick No g e o l o g i c a l   d e s c r i p t i m   a v a i l a b i a   i n  1901 7 

d r i ven   t h rough   ma te r ia l   va lued   a t  $15.00 t o  
a d i t s   a n d   c r o s s c u t s  106 metres   in   leng th   were  

1625.00 p e r   t o n  gold, 

19  Marvel No g e o l o g i c a l   d e s c r i p t i o n   a v a i i a b i a   i n  1906  7 
e x i s t i n g   a d i t s   w e r e   e x t e n d e d   a n d  a s l r s t a n p  
mi  I I i n s t a l  led. 

20 Spuz A, 8, G, and Weak g o l d   m i n e r a l i z a t i o n   i n   q u a r t z   v e i n s   a n d  9.  10, 
M o n m n t  

c l o s e  t o  t h e  Hozameen f a u l t .  h e  major   ve in ,  
s i   i i c i f i e d  zones w i t h i n   t h e  Ladner  Group 1 5  

t h e   M o n m e n t ,   i s   u p  t o  2 metres  wide  and 
t r a c e a b l e   f o r  80 meters. It c a r r i e s   p y r i t e ,  
w i th   ra re   a rsenopyr i te ,   cha lcopyr i te ,   and 
go ld .   Go ld   a l so   f ound   assoc ia ted   w i th   ra re  
s c h e e l i t e   i n   f e l s l c   p o r p h y r y   s i l l s .  

21  Majest ic  No geo log ica l   desc r ip t i on   ava i l ab le .  1 1  

22  Gold b i n  No geo iog ica l   desc r ip t i on   ava i l ab le .  13 

23  Gold  Cord No geo log ica l   desc r ip t i on   ava i l ab le .  14 

h u r c e s  
1 Cairnes, 1920. 
2 Q i r n e s ,  1924. 
3 M i n i s t e r  o t  Mines, B.C., Annual  Report,  1933 
4 Cairnes, 1929. 

6 Bateman, 1911. 
5 B.C. M i n i s t r y  of Enerq ,   M ines  & Pet. Res.. E x p l o r a t i o n   i n  B.C., 1978  

7 B.C. Minera l   inventory   F i  le, M I  92H/NW-l7. 
8 M i n i s t e r  of Mlnes, B.C., h n u a i  Report, 1906. 
9 Cochrane  and  L i t t le john.  1978. 
IO Cardinal ,  1982. 
1 1  B.C. M ine ra l   i nven to ry   F i l e ,  M I  9a;l/NW-33 
12 B.C. Minera l   inventory   F i le ,  M i  92H/NW-14. 
13 B.C. Minera l   inventory  F i  le, M i  92H/NW-32 
14 0.C. Mlnera l   Inventory   F i le ,  M i  92i/MW-31. 
15 Observed by author. 
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TABLE 4. HOLE ROW AND  TRACE ELEMEM ANALYSES. A CWA2ISON 
BETWEEN MINERALIZED AND UNMl NERALIZEO  WAWES  FRCM  THE  IDAHO 

ZONE (CAROLIN MINE) 

25163M'  25164M'  25167M'  25168M2 

60.62 

15.42 

0.45 

3.89 

0.68 

2.37 

9.09 

0.09 

1.00 

0.07 

2.78 

1.91 

< I  0 

81 
1 1 2  

20 
13 

19 

< I  00 
24 

12 

< I  
15 

13 

16.0 

0.46 

53.11 48.92 

14.51 14.05 

1.20 0.22 

7.94 6.26 

1. I6 3.30 

4.49 9.07 

7.81 2.45 

0.30 2.84 

1.22 0.83 
0.1 1 0.13 

3.46 6.85 
3.4 I 0.1 2 

3.5 
<IO 

< I  
< l o  

1.18 
161 49 

0.007 

<IO 
78 76 

< I  0 
<2 
I 3  <:2 

.:2 

155 
29 

1 1Em4 
22 

18 
15 

8 

< I  
16 

20 
.: 1 
15 

' S u i p h l d e r l c h  wackes I n   I d a h o z o n e  s h a r i n g  a I b l t e m e t a s o m t l s m  
and abmdant   quartz  veining. 

2UnmlneraIized wackes adjacent  t o   t h e  Idaho zone. krm cluartz 
veining  but no sulphldes or a l b i t i c   a l t e r a t i o n .  
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TABLE 5. WHOLE ROO( AN0 TRACE ELEMENT ANALYSES OF VARIOUS SEFPENTINITE 
SAWLES FRCM THE  COQUIHALLA  SERPENTINE BELT  AN0 ELSEWHERE 

25478l 

39.41 

1.15 

38.29 

0. 14 

<O. 06 

<O.Ol 
0.03 

0.09 

1 2 0  
0.19 

0.10 

0. 08 
1.08 

5.13 

0.02 

<3 
3 
7 

<3 
59 

8 
0. 15 

<3 
0.24 

QO 
12 

<o. 5 
< I  0 
50 
51 

2 5 4 1 9  

36.30 

5.99 

36.20 

0.05 

<0.06 

<o.o 1 

0.42 

0.20 

1 2 2  

0.60 

0.1 
0.08 
3.00 

4.21 

0.03 

<3 

30 
7 

55 
7 

100 
<3 

Q O  
12 

<o. 5 
<I 0 
59 
45 

0.24 

0.14 

2548Z3 

41.15 

0.32 

39.4 1 

<0.01 

<O. 06 

<o. 0 I 
<o. 0 I 

0.069 

1 2 3  

0.57 

0.01 
0.08 
1.03 

4.23 

0.16 

<3 
6 

<3 
5 

58 
0.18 

<3 
8 

0.27 

QO 
IO 

<o. 5 
<I 0 
28 
45 

254864 

35.40 

0.59 

31.26 

0.18 

<O. 06 

<o. 0 1 

0.04 

0.16 

10.5 

0.62 

6.20 

0.08 
3.49 

5.41 

0.12 

8 

20 
I 1  

14 
<3 

16 
0.1 0 

3 

12 
0.24 

Q O  

22 
<o. 5 

66  
75 

A 

40.7 

1.0 

36.4 

0.1 
N.O. 

N.O. 

N.D. 

N.O. 
1 2 4  

N.D. 

0.2 

N.D. 

1.2 

6.6 

B 

4 1. 7 
0.8 

38.5 

0.4 

N.O. 

N.O. 

N.O. 

N.D. 

11.0 

N.O. 
0.0 

N.O. 

2.1 

4.1 

~n p e r   c e n t   e x c e p t  as n o t e d  

l A n t i g o r i t e b a s t l t e r I c h   s e r p e n t l n l t e u i t h  sore r e r m a n t   e n s t a t l t a  

2 A n t i g o r i t e r I c h   s e r p e n t i n l t a   C o q u l h a l l a   s e r p e n t i n e   b e l t .  

% e r p e n t i n e   w i t h   a n t l g o r l t e  pseudomorphs a t t e r   o l l v l n a   C o q u i h a l l a  
3 A n t I g o r 1 t e r 1 c h   s e r p e n t l n l t a   C o q u l h a l   l a   S e r p e n t i n e   b e l t .  

Ccqulhal l a   s e r p e n t i n e   b e l t .  

se rpen t lne  belt. 

A Sarpen t ln l t e   de r l ved   f romdun l ta   Cornwa l l ,   Eng land   (P l r sson   and  Knopf, 

B S e r p e n t l n l t e   d e r i v e d   t r o r n p y r o x e n l t e .   h u n t   O l a b l o ,   C a l l t o r n l a   ( P l r s s o n  
1966). 

and  Knopt,  1966). 
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TABLE 6.  WHOLE ROO( AN0 TRACE  ELEMENT  ANALYSES  OF VARIOUS 
VOLCANIC  GREENSTONE SAWLES 

2  5466' 

50.16 

13.77 

3.16 

7.86 

7.20 

0.02 

1.27 

0.19 

1.17 

0.10 

6.90 

<o. 08 

2.60 

3.09 

2.60 

0.03 
0.005 

40 

20 
2 2  

37 
14 

26 
32 

33 
1 7  

<o. 5 
< I  0 

2 2  
48  

I n   p e r   c e n t   e x c e p t   a s   n o t e d  

' A u g l t e b e a r i n g   p l  I lared  greenstona 
lake. 

254703 

48.58 

14.81 

7.33 

6.86 

4.58 

0.06 

1.78 

0.19 

3.34 

0.20 

0.01 

<o. 08 

0.1 I 
10.10 

1.78 

0.0 I 
0.006 

90 
38 
25 
21 
53 

31 
<3 

12 
QO 
<o. 5 

9 8  
13 

15 

2547:fl 

46.26 

13.2.r 
6.60 

7.41) 

3.51 

0.6'3 

1.81 

0.1'1 

4. I ,1 

0.2'5 

4. 9'3 

<o. OB 
0.0,1 

8.84 

0.64 

0.02 
0.037 

70 
30 
23 

30 
59 

<3 
39 
12 

Q O  
<o. 5 

103 
10 

39 

East  o f  Serpent ine 

2Su lph ldkbear inq   carbonate   ve ined  g reens tone.  

3Aug1tebear lng   a l te red   vo lcan lc   g reens tone  shar ing  

4A l te red   g reens tone   vo l can lq  I3-I 1 1  core Sanple. S o u t h  

Emanclpation mine. 

aquagene b r e c c i a t i o n   C a r o l l n  mlne. 

of PI pestem mi ne. 
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ELEMENT  ANALYS I S  OF MBBRO IC ROCKS 
TABLE 7. WHOLE ROO( AND  TRACE 

WITHIN  THE  COOUIHALLA  SERPENTINE 
BELT 

25481' 

50.19 
13.15 
7.16 
9.66 
4.09 
0.05 
1.66 
0.19 

1 2 2  
0. 18 

0. IO 
0.08 

0.15 
9.03 
1.31 

0.05 
21 
80 
24 
26 
70 
30 
<3 
53 

QO 
8 

<o. 5 
16 

< I  5 
102 

254832 

48.73 
14.44 
6.92 
11.09 
3.60 
0.12 
1.37 
0.18 
0.16 
0.12 
0. I4 
0.08 

0.03 
8.25 
1.21 

33 
66 
24 
26 

71 
57 

<3 
56 
10 

Q O  
<o. 5 

86 
12 

15 

0.06 

In  per  cent  except as n o t e d  

'Altered  augltehornblende gabbro. 

'Altered gabbro. East of 
15 mi l e  C-eek Bldge. 

Serpentine Lake. 
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THE BLUESKY - A STRATIGRAPHIC UARKW I N  NORTHEASTERN BRITISH COLUMBIA 

( 9 3 1 ,  0, P) 

By G. V. White 

Over t h e   p a s t  25 yea r s   t he re   has   been   ex tens ive   d r i l l i ng  by both 
petroleum  and coal exp lo ra t ion  companies south   o f   the  John Hart Hi.ghway 
i n  n o r t h e a s t e r n   B r i t i s h  Columbia. Cor re l a t ion  of  formation  tops  from  the 
geophys ica l  logs taken  from  the d r i l l   h o l e s   a l l o w s  accurate predic t i -on  of 
format ion   th icknesses   over  a n  ex tens ive  area. As p a r t  of a study of 
Lower Cretaceous  sedimentary  rocks  in   northeastern  Bri t i :sh  Columbia,  a n  
i sopach  map of t he   B luesky   t r ans i t i ona l   un i t   (F ig .  25) was produced  from 
d r i l l   h o l e   i n f o r m a t i o n .  

The  Gething  Formation as descr ibed  by D. C. FClgh (1960) c o n s i s t s  of 
' g r e y ,   s i l t y ,   f i n e -   t o   c o a r s e - g r a i n e d   s i l t s t o n e s ,   g r e y   t o   b r o w n i s h   g r e y ,  
s i l t y ,   f i n e   t o   c o a r s e - g r a i n e d   s a n d s t o n e s ,   a n d   d a r k   g r e y  and  black, 
ca rbonaceous   sha l e s   and   coa l . '   Ws t  of t h e   b e t t e r   c o a l s  a r e  found :,n t h e  
Upper  Gething  and  these coals are s o u g h t   a f t e r  by numerous exp lo ra t ion  
companies i n   n o r t h e a s t e r n   B r i t i s h  Columbia. I t  i s  because rmch of t he  
c o a l  i s  found i n  t h e   u p p e r   s e c t i o n   t h a t  i t  is  important  t.o e s t a b l i s h   t h e  

called  the  Bluesky. 
top  of  the  Gething  Formation,  which is  marked by a t r a n s i t i o n a l  u n i t  

of  the  Gething  Formation  and  marine  shales  of  the  overlying Moosebar 
The Bluesky is  a t r a n s i t i o n a l   u n i t  between  cont inental   sedimentary  rocks 

Formation. 'he Bluesky was f i r s t   d e s c r i b e d   i n  1954 by the  Alberta Study 
Group who took t h e i r   d e s c r i p t i o n  from the  Bluesky wel l  No. 1 i n  Alberta 
(4-29-81-1, W6J. The Bluesky a t   t h i s   l o c a t i o n  was found i n   t h e   i n - t e r v a l  

u n i t  was desc r ibed  as ' f i n e -  t o  medium-grained  sandstone  with  intnrbeds 
834 metres and  856.5 metres, with a t o t a l   t h i c k n e s s  of 2;!.5 metres.. The 

of   sha le .  ' %e top was cha rac t e r i zed  by black,  rounded  chert   granules  and 
pebbles   which  decreased  in   abundance downward. Glauconi te  was common i n  
t h i s  type s e c t i o n  of the Bluesky. 

v a l  987.6 metres t o  999 metres as t h e   t y p i c a l   r e p r e s e n t a t i v e  B:Luesky 
I n  1960, D. C. Algh proposed  using  Fort   St .   John well No. 1 0  from Tinter- 

s e c t i o n   i n   n o r t h e s t e r n   B r i t i s h  Columbia. I t  was descr ibed  a s  '24 f e e t  

aceous   i nc lus ions ,  5 f ee t  [ 1 . 5  metres] of glauconitic,   sandy  shale  and 1 1  
[ 7.3 metres] of very  f ine-grained,  glauconitic  sandstone  with  carbon- 

f e e t  f3.4 metres] of   porous,   f ine-grained,   g lauconi t ic   sandstone."  EUyh 
extended  his  study  of  the  Bluesky i n  B r i t i s h  Columbia t o   t h e   a r e a   n o r t h  
of  the  John  Hart  Highway, where petroleum  exploration  corrpanies had 
e x t e n s i v e l y   d r i l l e d .  

because  i t  marks  the  top  of  the  Gethiny  Formation,  which  coiltains 
I n  this   prel iminary  s tudy  emphasis  i s  be ing   p laced  on the  Bluesky  uni t  

important  economic  reserves of coal.  As well, i n  sone  northeastern 
B r i t i s h  Columbia l o c a l i t i e s ,   t h e  B l u e s k y   c o n t a i n s   s i q n i f i c a n t   o i l  a.nd gas  
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F i g u r e  25. Isopach map o f  t h e   B l u e s k y   u n i t ,   G a t h i n g   F o r m t l m   s o u t h  of P e a c e   R i v e r   I n  
n o r t h e a s t e r n   B r i t i s h  Columbia. 
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reserves. Further   examinat ion of o u t c r o p s ,   d r i l l   c o r e ,  and geophysical  
l o g s   d u r i n g   t h i s   s t u d y  w i l l  emphasize  the  distribution  and  charact:er of 
the  Bluesky  uni t   throughout   the  Peace  River   Coalf ie ld .  
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BASALTS OF THE I(A13LooPS GROUP IN SALMON RIVW ARE& 

(82L/5) 

By B. U. Church and S. G. Evans 

The  Salmon River   Val ley i s  the si te of s e v e r a l   l a r g e   l a n d s l i d e s  1:Evans 
and  Cruden,  1981)  which are of some concern  for  road  and power a c c e s s   t o  
t h e  Douglas  lake area t o   t h e  west and  regions beyond.  Source cmf t h e  

on   mug las   I ake  Road 8.5 to 10.5  kilometres  and  12.5 t o  15 k i lomet res  
s l i d e s   a p p e a r s   t o  be  mainly  incompetent  Tertiary  basalt ic  units  exposed 

sou th  from Westwold (see Fig .   26) .   This   repor t   cons iders   the  s t ra t i -  
s t r a t i g r a p h i c   s e t t i n g  and petrology  of the basalts. 

compr i s ing   a l t e rna t ing   l ava   f l ows  and  breccia.   Reddish  weathering 
The t o t a l   s e c t i o n   o f   l k r t i a r y   r o c k s   i n   t h e   r e g i o n   e x c e e d s  750 metres, 

augite  porphyry,  exposed  on  the upper f a c e s  of s l i de   e sca rpmen t s  and i n  
c l i f f s ,  i s  the  uppermost   uni t   in   the  local   volcanic   assemblage.   This  

River  and  wedges  out  to  the  south where the  u n i t  l aps   on to   p re-Ter t ia ry  
format ion  is  approximately 450 metres thick  north  and west of t h e   ? a h o n  

augi te   porphyry  thickens  norther ly   toward Monte Hills, a t t a i n i n g  maximum 
formations.  A grey  aphani t ic   sequence of lavas and  bre,:cias  below  the 

assemblage   of   basa l t ic   rocks  200 t o  250 metres th i ck .  It rests on pre- 
th i ckness  of about  200 metres. The b a s a l   u n i t   i n   t h e   s e c t i o n  i s  an 

Te r t i a ry   a rg i l l i t e s   nea r   t he   17 -k i lome t re   marke r  on the m u g l a s   l a k e  
Road. The b a s a l t s  are crumbly,  dark brown, o f t en   h igh ly  ves icu lar ,  and 
o c c a s i o n a l l y   r i c h   i n   z e o l i t e s  which f i l l   c r a c k s  and  amyg,iales.  Tuffac- 
eous b a n d s   w i t h   c l a y   p a r t i n g s   i n   t h e   b a s a l t i c  u n i t  are g l i d e   s u r f a c e s   f o r  
some of the   l ands l ide  movement. 

C o r r e l a t i o n  of the  Salmon River   vo lcanic   rocks   wi th   o ther   Ter t ia ry  
s e c t i o n s  i s  unce r t a in  owing t o   t h e   l i m i t e d  nature  o f   d e t a i l e d  mapp:tng i n  
t h e  area. lhe ' basa l t   a s semblage '   o f   t h i s   r epor t  is e s s e c . t i a l l y   t h e  same 
a s  the  'basal   beds  and brown beds'  of mans and  Cruden  (1981).  These 
a p p e a r   t o  correlate wi th   the  Monte Iake  Formation  of  Iming  (19el. p. 
1472)  and the Attenborough Creek Formation of Church  (1980,  1982) ,, me 
age  of two samples of  Salmon River   basa l t   (Table  1 )  w a s  determined by 
J. Harakal  (University  of  Brit ish  Columbia),  by K/Ar a n a l y s i s  of  whole 
rock  specimens, as 48.6 and 49.4 Ma. lhese va lues  are comparable to t h e  
r e s u l t s  of 4822 Ma r epor t ed  by Mathews (1964) f o r   t h e  Att.enborough  Creek 
ash .  

TABLE 1. WHOLE ROCK K/AR ANALYSIS OF TWO  SALMON RIVER BASAL1 SAM'LES 

F i e l d   L a t i t u d e   L o n g i t u d e  K Ar*40 Ar*40 
No. Nor th  west z (cc/grn) z (Ma ) 

Age 

EV-5 
EV-3 50'26.6'  i19°54.3' 2.31  4.497 

5 0 0 2 2 4 '  119*52.2' 1.88 
93.8  49.4t1.7 

3.591 95.2 48.6r1.7 
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format ion  correspond t o  the  ‘red  beds and  salmon  beds‘ of Evans  and 
The a u g i t e  porphyry and grey  a p h a n i t i c  sequences  over1yir.g the  b a s a l t i c  

Cruden  (1981).  %ey may c o r r e l a t e  i n  part with  the  mktalramin  Formation 
of   minq  (1981)   near  Write Lake but   there  i s  no clear t ie  with the 
T e r t i a r y   s e c t i o n   i n   t h e  Terrace Mountain area. 

Pe t rographic   s tudy   of   the   basa l t s  shows a predominance  of  small (less 
than   0 .25-mi l l imet re)   l a ths  of p lag ioc lase   a long   wi th   an  ,ample admixture 
of  olivine,   pyroxene,  and magnetite g r a i n s ;   a c c e s s o r y   b i o t i t e  and 
a p a t i t e ;   s c a t t e r e d   o l i v i n e  and, less commonly, pyroxene  phenocrysts. 
Amygdales  and  cracks are commonly f i l l e d   w i t h  calci te ,  brown c h l o r i t e ,  
and   zeo l i t e s   such  as heulandi te ,   chabaz i te ,   thomsoni te ,   s t i lb i te ,   and  
less f r equen t ly ,   s t evens i t e ,   l evyne ,  and o f f r e t i t e .  

a n a l y s e s  of vo lcan ic  rocks  from  the Salmon River area show re1ativel.y low 
Except   for  t h e  most f e l s i c  rock i n  t h e  c o l l e c t i o n  ( N o .  4) ,   chemical  

alumina content,   averaging  13.5 per cent   (Table  2 ) .  S,ample No. 4 is  
similar t o   a n   a n d e s i t e  (No. l o ) ,  from the  Monte Lake a rea .  Sample! Nos. 
1 ,  5, 7, and 1 1  are t y p i c a l   o l i v i n e   b a s a l t s ;  No. 1 2  i s  pyroxene  rich. 
These   basa l t s   t end   to   weather   and   d i s in tegra te   read i ly ,   espec ia l ly   the  
b recc ia s  and  highly  vesicular   phases .  

bear g r e a t e s t   l i t h o s t a t i c   p r e s s u r e .   C o n s e q u e n t l y ,   l a n d s l i d e s   o c c u r   a l o n g  
Basal b a s a l t i c   r o c k s  of t h e  Kamloops  Group i n  t h e  Salmon River   sec t ion  

vo lcan ic   rocks   a r e   a l t e r ed ,   h igh ly   ves i cu la r ,   o r   f r agmen ta l .  Weak zones 
tuf faceous   bands   and   o ther   incompetent   zones ,   par t icu lar ly  where the  

are  commonly i n t e n s e l y   f r a c t u r e d  and c o n s i s t  of red  oxidized  rocks  with 
c l a y  on s l i p   s u r f a c e s  and  abundant ca lc i te  or z e o l i t e   i n   c r a c k s  and j o i n t  
sets. 
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STRATIGRAPHY AND s m I n m m m y  m m s  ON THE 
BULL- I(OUNTAIN-PEACE  RIVER CANYON, CARBON CREEK AREA 

NORTHEASTERN  BRITISH  COLUMBIA 
(930/15, 16; 94B/1, 2) 

INTRODUCTION 

oriented  toward  gaining a g rasp  of t he   r eg iona l  and l o c , s l   s t r a t i g r a p h y  
A s  t h e  new District Geologis t  a t  Charlie l ake ,  1982 f ie ldwork was 

and  sedimentology of the   coa l -bear ing   sequences   in   the   Nor theas t  Coal- 
f i e l d .  In t h i s   r e g a r d  I am indebted t o  Dave Gibson  and Con S t o t t  of t he  
Geological  Survey  of  Canada, Paul Cowley and Norman  Duncan of Utah Mines 
Ltd.,  and Charlie Williams of Gulf Canada Resources  Inc. for  informat ive  
d i scuss ions .  

Fieldwork was concent ra ted  i n  t he  area between  Bullhead Mountain on t h e  
ea s t  and  Pardonet  Creek on the  west (F ig .   27) .  lhis a rea   i nc ludes   coa l  
licences of Utah Mines Ltd.,  Gulf  Canada  Resources  Inc..,  Shell Canada 
Resources  Limited,  and  Cinnabar Peak Mines Ltd.   Recently  published 
papers   on  the area inc lude   those  of Gibson  (19781,  St.ott and  (Gibson 
(1980),  and  Anderson (1980) .  

There are two coa l -bear ing   format ions   in   the  area, the  Gething  Formation 
of  the  Bullhead Group  and the  Bickford  Formation of thme Minnes ,:roup. 
The Gething  Formation  overlies  the  Bickford  Formation  and is  seps ra t ed  
from it by t h e  Cadomin Formation,  which is var iab ly   pebbly   sands tone   to  
conglomerate (see s t r a t i g r a p h i c  column, Table 1 ) .  Regional ly   the  
Cadomin Formation may rest on un i t s   l ower   i n   t he   success ion   t han   t he  
Bickford.  According t o   S t o t t   ( 1 9 7 3 )   t h i s  is due t o  a n  unconformity  which 
p rogres s ive ly   t runca te s   unde r ly ing   s t r a t a  i n  a southwest-northeast  
d i r e c t i o n .  

TABLE 1. S IWLIF IED STRATIGRPPHY OF THE  MiNNES AND  BULLHEAD GROUPS 

I N  THE BULLHEAD  MOUNTAIKPARDONET  CREEK  AREA 
(UPPER  JWASSIC+CWER  CRETACEOUS) 

BuI lhead  Gething  Formation b a l  measures 
& C U D  

Cadomin Formation Pebbly  sandstone, q u a r t z i t i c  
sandstone,  conglomerate 

Mlnnes 
Grou  p 

Bickford  Formation Carbonaceous  measures 

Monach F o r m t i o n   F e l d s p a t h i c  sandstone, minor 
mounts  of  q u a r t z i t e  

b a t t l e  Peaks Formation Interbedded  sandstone  and  shale 

b n t e i t h  Formatlon @ p e r   q u a r t z i t e s  
Lower grey  sandstones,, 

teldspathlc  sandstones 
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?he s t r a t i g r a p h y  of t he   a r ea  i s  n o t   y e t   s a t i s f a c t o r i l y   r e s o l v e d  (D. F. 
Stot t ,   personal   communicat ion) .   Problems  include:  

( 1 )  I d e n t i f y i n g   t h e  Cadomin Formation i n  p l aces  where i t  is  a sandstone 
r a t h e r   t h a n  a pebbly  sandstone  or  a conglomerate. I t  i s  d i f f i c u l t  
t o   d i s t i n g u i s h   t h e  Cadomin Formation  where i t  over l ies   sands tone   of  
formations  such  as  the Monach. 

( 2 )  I a t e r a l   f a c i e s   v a r i a t i o n s   w i t h i n   f o r m a t i o n s  of t h e  Minnes  Group. 
(3) lbe nature   of   the   unconformity a t  the  base  of   the Cadomin Formation. 

Does i t  have   r e l i e f   and   hence   con t ro l   t he   t h i ckness   and   d i s t r ibu t ion  
of  the Cadomin? 

The Carbon  Creek bas in   cont inues  to be a focus   o f   t hese   s t r a t ig raph ic  
d i f f i c u l t i e s .  For   example ,   coa l   measures   in i t ia l ly   ident i f ied  as Gething 
Formation were t empora r i ly   r e - in t e rp re t ed  to be  Bickford  Formation by 
S t o t t  and  Gibson (1980) .  

STRATIGRAPHIC  SETTING OF THE CADOMIN POPJWTION 

g r a p h i c   s e t t i n g   o f   t h e  Cadomin Formation i n  t h e  area. These are 
A number of s e c t i o n s  were examined i n   o r d e r  to e s t a b l i s h   t h e   s t r a t i -  

summarized as fo l lows  (see Fig.  2 1  f o r   l o c a t i o n ) :  

Ridge  Southwest of Mount  Monach 

Coal  measures  Gethinq  Formation 

Thick   un i t s   o f   pebbly   quar tz i t ic  
s a n d s t o n e ;   l o c a l   s i l t s t o n e  and 

Cadomin Formation 

recess ive   beds  
Grada t iona l   con tac t  ? 

Sal t -and-pepper   sands tone ,   s i l t s tone   Bickford   Format ion  
(calcareous) ,   mudstone,   carbonaceous 
s h a l e ,   c o a l  

Massive  f laggy  sandstone Monach Formation 

Bat t lesh ip   Mounta in   ( t r ibu tary  t o  Carbon  Creek  on w e s t  side) 

Coal  measures  Gethinq  Formation 

Th ick   un i t s  of  sandstone t o  pebble 
s a n d s t o n e ,   l o c a l   r e c e s s i v e   i n t e r b e d s  

Cadomin Formation 

Contact   covered 

Mass ive   qua r t z i t i c   s ands tone ,   s a l t -  
and-pepper  sandstone 

Monach Formation 

Eas t  of Carbon  Creek Road and  Carbon  Lake 

Coal  measures  Gething  Formation 

Pebb ly   qua r t z i t i c   s ands tones ,  
q u a r t z i t e   l o c a l l y  a t  base,  coal 

Cadomin Formation 

Con tac t   sha rp  

S a l t - a n d - p e p p e r   t o   q u a r t z i t i c  
sandstone,  minor  amounts  of  burrowed 
s i l t s t o n e  

Monach Formation 
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( 4 )  Bullhead  Mountain - w e s t  side 

Pebbly  sandstone,  conglomerate Cadomin Formation 

Contac t   sharp  

Fe ldspa th i c   s ands tone   ( f l aggy) ,  salt-  Monach Formation 
and-pepper   sands tone ,   kaol in i t ic  
q u a r t z i t e  bed near   top 

In te rbedded   fe ldspa th ic   sands tone ,  Beattie Peaks  Forma.tion 
burrowed s i l t s t o n e ,   b l a c k  mudstone 

p l a r t z i t e ,  minor  amounts  of  black 
mudstone,  feldspathic  sandstone,  dark 
grey   sands tone  

Monteith  Formation 

The Monach, Bickford,  Cadomin, and  Gething Formations are exposed .in t he  
'Whi te rabbi t '   l i cence  area of Gulf Canada Resources  Inc,. and i n   r i d g e s  
extending  southwest  and west of b u n t   b n a c h .  They comprise  the e,?mtern 

metres th i ck  and   grades   in to   the  Cadomin over a width of about  5 metres. 
limb  of a major syncl ine .  The Bickford  Formation is  several   hundred 

An i n t e r b e d  of sal t -and-pepper   sandstone,   typical   of   the   Bickford Forma- 
t i o n ,  l ies  above  the  10-metre   thick  basal ,   sparsely  pebbly  quartzi t ic  

east ,  on t h e  east  s i d e   o f   t h e  Carbon  Creek syncline, the  Bickford Forma- 
sandstone  of   the Cadomin Formation.  Nineteen  kilometres t o  the  north-  

burrowed s i l t s t o n e  (marine ? ) .  Off Carbon  Creek Road, c m  t he  west s i d e  
t i o n  is missing. mere the pebbly Cadomin Format ion   abrupt ly   over l ies  a 

o f   B a t t l e s h i p   W u n t a i n ,  it rests on f laggy  massive  sandstone  uni ts  
(Monach Formation ? ) . 
Either  the  Bickford  Formation  develops a marine  sandy  facies  eastward  or 
i t  is t runca ted  by the  regional   unconformity  descr ibed by S t o t t  (1973) .  

may hold  the  key. J u s t  west of  the  core of t he  a n t i c l i n e  on t h e  west 
Rocks i n   t h e   a n t i c l i n a l   s t r u c t u r e  near b u n t  Rochfort  arid b u n t  Wrigley 

s i d e s  of t he  two mountains, a t h i n  zone  of  Bickford  Fsrmation may be 
exposed. On a r idge   nor thwes t   o f   bunt   Wrig ley ,   Paul  Cowley O E  Utah 
Mines  Ltd. (personal  communication)  describes a carbonaceous  mudstone, 

q u a r t z i t i c )   s a n d s t o n e s  of the Cadomin Formation. HoWeVE!r, pebbly  sand- 
s i l t s t o n e ,  and  sandstone  sequence  that   underlies  salt-and-pepper ( t o  

s t o n e  below  and within  the  sequence makes i t  unclear  wt.ether i t  is a l l  
Cadomin or whether  both Cadomin and  Bickford  Formations are present..  

E a s t  of the  Carbon  Creek  basin a t  B u l l h e a d   b u n t a i n   t h e  Cadomin is 
s e p a r a t e d  from  underlying  mott led  (bioturbated ? )  quar t . z i t e  by s ,evera l  

mountain  along  the  hydro l i n e ) .  Below t h i s  are f e ldspa th i c   s ands tones ,  a 
cen t ime t re s  of c o a l   ( t h e   c o n t a c t  is exposed  only on t h e   s o u t h   s i d e  of t he  

sha ly   t r ans i t i on   zone ,  and q u a r t z i t e .  
c o r r e s p o n d   t o   e i t h e r   t h e  Monach Formation or a sandy  upper  facies of t he  

The f e ldspa th i c   s ands tones  

Beattie  Peaks  Fbrmation. The t r ans i t i ona l   s equence  below c o n s i s t s  of 
interbedded  quartzi te ,   b lack  shale ,   burrowed  mudstone,   fe ldspathic   sand-  
tone ,   and   fe r ruginous   sha le .  I t  is probably  the  Beatt ie  Peaks  Formation. 
This  sequence  grades downward i n t o  th i ck   qua r t z i t e   beds  of t he  Mclnteith 
Formation  which  are i n  ra ther   sharp   contac t   wi th   under ly ing   dark   g rey  
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sands tones   (a l so   Monte i th   Format ion) .  These dark  sandstones crop o u t  a t  
t h e   b a s e  of  Bullhead  Mountain on both i t s  w e s t  and  south  s ides .  

A t  Bullhead  Mountain  the Cadomin Formation is  i n  par t  conglomeratic  and 
l o c a l l y  more than 200 metres t h i c k   ( S t o t t ,   1 9 7 3 ) .  S t o t t  a l s o   d e s c r i b e d  
30 metres of  conglomerate a t  t he  mouth of  Carbon  Creek. A t  R a t t l e s h i p  
Mountain,  however,  only  one  10-metre bed was pebbly  and  the t o t a l  th ick-  
ness   o f   the   format ion  is a t  most 200 metres. In   the  Mount Rochfort-Mount 
Wrigley area t h e  Cadomin is  predominantly  sandstone. Its appearance is 
n o t   d i s t i n c t i v e  and i t  was  mapped as p a r t  of t he  Monach sandstone.  As a 
consequence,  pebbly  sandstones  that  are s t r a t i g r a p h i c a l l y  much h i g h e r   ( i n  

Monach t h e  Cadomin is appa ren t ly   t h i ck  (400  metres ? )  but   on ly  s p a r s e l y  
the  Gething Formation) ,  were mis l abe l l ed  as Cadomin. Southwest of Mount 

pebbly (maximum c l a s t   s i z e  2 t o  3 centimetres).  C l e a r l y   t h e  Cadomin 
Formation is  not  a simple westward  thickening  and  coarsening  fan of 
f l u v i a l   s e d i m e n t .  A local isopach map, d i s t r i b u t i o n  of pa leocurren t   f low 
d i r e c t i o n s ,  and  maximum c l a s t   s i z e  are requi red   to   de te rmine   what  
c o n t r o l s  i t s  th i ckness  and l i t ho logy  i n  the  Bullhead  Mountain-Pardonet 
Creek  area.  

TRACE F'OSSILS 

Beatt ie  Peaks  Formation  along  Carbon Lake Road. Abundant v e r t i c a l   p i p e -  
Some ra ther   spec tacular   examples  of t r a c e   f o s s i l s   a r e   e v i d e n t  i n  t h e  

ver t ica l   20-cent imet re-deep  U-shaped  and s t eep ly   i nc l ined   rh i zocora l l i um 
l i k e  burrows  up t o  3 cen t ime t re s  i n  diameter  are present as well  as 

deve loped   i n  a number of regressive,   coarsening  up  sequences  (shale-  
burrows  (U-shaped  and s p r e i t e - f i l l e d ) .  They are p a r t i c u l a r l y  well 

s a n d s t o n e ) .  The s t ructures  correspond to t h e   S k o l i t h o s   f a c i e s  of 
Se i l ache r   (1967)   and   r ep resen t   suspens ion   f eede r s   found   i n   t he   sha l lowes t  
p a r t s  of the   sea .  

PEACE RIVER CANYON 

a long   t he  n o r t h  s h o r e   t o  Gething Creek. It has  been p rev ious ly  descr ibed  
A s e c t i o n  was examined s t a r t i n g  a t  t he  toe  of t he  dam and cont inuing  

by S t o t t   ( 1 9 7 3 ) ,  McLearn (1923) ,  and o t h e r s .  The f i r s t  57 metres of t h e  
sequence a t   t h e   t o e  of t h e  dam inc ludes  three th ick   sands tone   un i t s   and  
i s  a s s i g n e d   t o   t h e  Cadomin Formation by S t o t t .  These u n i t s   a r e   g r i t t y  a t  
t h e   b a s e ,   f i n e  upward,  and a r e  ripple cross- laminated a t  the   top .  The 
middle  zone  has  extensive  convoluted  bedding. The u n i t s  a l l  have a s h a r p  
f l a t  base and two of t h e   t h r e e  are marked by inc l ined   i n t e rbedd ing  of 

sugqes t   t he   s ands tone   bod ie s  may represent d i s t r i b u t a r i e s  of the  lower or 
sandstone  and  shale  a t  t he   t op  and c o a l  a t  the  base.   These  features  

p l a in .  Fo ramin i f e ra   i nd ica t ing  marine in f luence  were c o l l e c t e d  by 
t r a n s i t i o n a l   d e l t a   p l a i n   r a t h e r   t h a n   f l u v i a l   c h a n n e l s  of the   upper   de l ta  

Chamney (in S t o t t ,  1973)  from f iner   sedimentary  rocks  between  the 
sands tone   un i t s   bu t   accord ing   to   Gibson   (personal   communica t ion)   the  work 
requires re-examination. The overlying  Gething  Formation  sediments are 
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predominantly a monotonous,   repeated  sequence  of  sandstone,  horizontally 

c h a n n e l   s t r u c t u r e s ,  l a t e ra l  acc re t ion   bedd ing   ( i nd ica t ive  of  meandering), 
i n t e rbedded   sha le ,  and coal. I n t e r e s t i n g   f e a t u r e s  do inc lude  some 

minor upward coarsening  burrowed  sequences  (bay f i l l s  ? ) ,  and  Coal- 
bounded  c revasse   sp lay   depos i t s .  

Var ious   f lo ra l   and   faunal   co l lec t ions   have   been  made from the  Gething 
Formation i n   t h e  Peace River Canyon.  They include  dinosaur  bones  and 

cycads,   and  conifers .  The writer r e c e n t l y   c o l l e c t e d  a Well-pKeSeKVed 
t rackways,   pelecypods,   foraminifera ,  spores, and  remains  of  ferns, 

s i l i c i f i e d  tree t r u n k   i n   t h e  east  s i d e  of the  canyon i n  . v i e w  of t he  dam. 
The trunk  measures  about a metre in   d iameter   and  a mt?tre i n   h e i g h t .  
Growth r ings  are well  preserved   and   a l te rna t ing   th in  <and thick  bands 
a p p e a r   t o   i n d i c a t e   s e a s o n a l   v a r i a t i o n s  of climate a t  t h e  time of  growth. 
Excavat ion   revea led   tha t  a laminae  of  coal  enveloped the: bur ied  part  of 
t he   t runk  and  extended  under  the f l a t   b a s e  of the  t runk;   perhaps it 
rep resen t s   o r ig ina l   ba rk .  A number of t h i ck   roo t s   ex t end   r ad ia l ly   and  
h o r i z o n t a l l y  from the  base.  This sugges ts   tha t   the   roo t ! j  were tapping a 
h igh  water t ab le .  The trunk  (weighing  nearly 1 400 kilograms)  has  been 
t r a n s p o r t e d   t o   C h a r l i e  Lake  and even tua l ly  w i l l  b e   p l a c e d   i n   t h e   F o r t   S t .  
John museum. 
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INTRODUCTION 

The underground mine  of  Mosquito  Creek Gold Mining Co~npany Limi.ted i s  
l o c a t e d   i n   e a s t - c e n t r a l   B r i t i s h  Columbia 2 k i lome t re s  west of   the  
h i s t o r i c  mining town of Wells a t  l a t i t u d e  56 degrees  6 rdnutes   nor th   and  
long i tude  121 degrees  36 minutes west. me M i n i s t r y   i n i t i a t e d   t h i s   f i e l d  
p r o j e c t   i n  May, 1982 i n   r e s p o n s e   t o   t h e   g e n e r a l   r e v i v a l   o f   i n t e . c e s t   i n  
p r e c i o u s  metals i n  B r i t i s h  Columbia  and t h e  renewed  mining  and explora- 
t i o n   a c t i v i t y   i n   t h e  Wells area. 

The s p e c i f i c   o b j e c t i v e s  of t h e   p r o j e c t  are: 

( 1 )  lb document s t r u c t u r a l  and s t r a t i g r a p h i c   c o n t r o l s  of the   minera l ized  
zones  and t o  i d e n t i f y   p o t e n t i a l   m a r k e r   h o r i z o n s   t h a t   c o u l d  be u s e f u l  
in   explora t ion   programs.  

( 2 )  lb sample one  representative  ore  zone  and i t s  hos t   rocks   for   s tudy  
of t h e i r   p e t r o g r a p h i c a l  and  geochemical   character is t ics .  

( 3 )  To c o l l e c t  samples for f o s s i l  and   rad iometr ic   s tud ies   to   de te rmine  
the  age of hos t   rocks ,  metamorphism,  and mine ra l i za t ion .  

HISTORY AUD PREVIOUS WORK 

dur ing   t he   w in te r  of  1860. Since  then  product ion  has   been  vir tual ly  
P r o s p e c t o r s   d i s c o v e r e d   t h e   f i r s t  placer g o l d   d e p o s i t s   i n   t h e   r e g i o n  

cont inuous.  Several major   p lacer   opera t ions  were a c t i v e   d u r i n g  t h e  1982 

equipment  which enables them to reach deeper Tertiary g r a v e l  beds t h a t  
season;  many are reworking   o ld   p lacer  leases with  mechanized  mining 

were i n a c c e s s i b l e  to early  miners.  

Hardrock  mining s t a r t e d  a t  the  Cariboo Gold p l a r t z  m i m  i n  1933  and a t  
Island  Mountain mine i n  1934. wart  from a four-year  shutdown  during  the 
war, Cariboo Gold p l a r t z  mine o p e r a t e d   u n t i l  1959  and Is land  Mmntain 
mine u n t i l  1967. Ihe la tes t  underground  operation  began i n  1980  with  the 
opening  of  the  Mosquito  Creek  mine. 

Suther land  Brown (1957,   p .   10)   reviewed  the  extensive  ear ly   geological  
work i n   t h e   r e g i o n .   S i n c e   t h a t   t u l l e t i n ,   m a j o r   s t u d i e s   u n d e r t a k e n  i n  t h e  
area inc lude  two unpublished summary reports by Campbell  (1966,  1969), 

Andrew (1982)  and Andrew,  Godwin, and S i n c l a i r  ( th i s   vo lume) ,   and  a 
r ad iomet r i c   s tud ie s   o f   p rec ious  metal d e p o s i t s  i n   t h e   c o r d i l l e r a  by 

o f  Canada  (1980.  1981a.  1981b,  1982a, 198213). C a r l y l e   ( i n  press) 
continuing  program  of  regional mapping  by S t ru ik   o f  the  Geological  Survey 
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produced a geological  review of the  Mosquito  Creek mine f o r  a f i e l d   t r i p  
t o   t h e  mine i n  May, 1983  before t h e  annual GAC/MAC/ZGU meeting i n  
V i c t o r i a .  

Suther land Brown (1957)  provides the most  comprehensive  descripti-on  of 
mine ra l   depos i t s  i n  the  region.   For   detai led  information  about   the 
Mosquito  Q-eek,  Island  Mountain, and Cariboo Gold p l a r t z  mines, the 
reader  i s  r e f e r r e d   t o  C a r l y l e  ( i n   p r e s s ) ,   W n e d i c t   ( 1 9 4 5 ) ,  and Ske r l  
(1948)   respec t ive ly .  

REGION= GEOLOGY 

A s impl i f i ed   geo log ica l  map of t he  Wells area  i s  presented on Figure 28. 
The region is  dominated by a thick,  highly  deformed  sedimentary  sequence 

phyl l i tes ,   marb les ,   l imes tones ,   do lomi tes ,   amphibol i tes ,   and  meta- 
o f   d i s t i n c t i v e   q u a r t z i t e s ,   c o n g l o m e r a t e s ,   g r i t s ,  s i l t i tes,  s l a t e s ,  

t u f f  ( ? ) .  mom f o s s i l   s t u d i e s   S t r u i k   ( 1 9 8 2 b )   a s c r i b e s   a n  Upper Paleozoic 
age   t o   t he   ove ra l l   s equence .  He assigned a Miss i ss ippian   age   to   rocks  of 

a t i o n  of  mine s t r a t a   w i t h  a c r ino ida l   l imes tone  i n  the  northwest  corner 
t h e  Baker member i n  the  Mosquito  Creek mine based on an   unce r t a in   co r re l -  

o f   h i s  map-area. 
Pennsylvanian   to  Lower Permian  age  from a b i o c l a s t i c  1ime:;tone  bed i n  t h e  

Ear l ie r ,   S t ru ik   (1981b)   repor ted   conodonts  of 

Rainbow member. 

The sedimentary  sequence  has  been  folded and regional ly   ~netamorphosed  to  
g reensch i s t   f ac i e s .   Sma l l  amounts of f i ne   euhdra l   py r i t e   a r e   d i s semin-  
ated  through  most of the   rocks .   S t ru ik   (1981a)   in fer red   tha t   the  main 

f r o m   s t r a t i g r a p h i c  and s t r u c t u r a l   r e l a t i o n s h i p s  throughout  the  region. 
fo ld ing   event   took  place  between m r l y   J u r a s s i c  and Late Cretaceous time 

Andrew (1982)  obtained a Lower J u r a s s i c   ( 1 7 9 t 8  Ma) whole  rock K/nr d a t e  
f o r  a sample of p h y l l i t e  from the  Cariboo Gold p l a r t z  mine. I t  i s  
i n t e r p r e t e d   t o  be a metamorphic  date. 

Regional  folds  trend  northwesterly  and  are  overturlled  toward  the 
southwest,   with  dips  ranging  between 40 and 55 degrees   northeast .  An 
impor t an t   f ea tu re  of t h i s   f o l d i n g  is  the  rhythmic  devel.opment of minor 
f o l d s  down the  limbs  of  the main fo lds .  In t he  mine a rea   these   d rag  
fo lds   p lunge  21 degrees a t   n o r t h  40 degrees west to   nor th  50 degrees 
west;   they  host   the  majority of the  ore  zones.  

LOCAL GEOU)(;Y 

Creek  mine. I n  the mine  workings  only  the  upper  pact of the  pale- 
Figures  29 through 32 i l l u s t r a t e   g e o l o g i c a l   r e l a t i o n s h i p s  i n  t h e  Mmquito 

coloured  Pennsylvanian  to  Lower Permian  Rainbow member are  exposed. 
coloured  Mississ ippian ( ? )  Eaker member and the  lower  par t  of the  dark-  
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Ihe i d e n t i f i c a t i o n   o f  many exposures  of  graded  bedding i n  both  Baker  and 
Rainbow rocks was a key f a c t o r  i n  e s t a b l i s h i n g   s t r a t i g r a p h i c   ' t o p s . '  
Most  graded  layers are  less than  10 centimetres th i ck   bu t   i nd iv idua l   beds  
a re  up to  2 metres th i ck .  The graded  beds  generally cmsis t  of basa l  
f i n e - g r a i n e d   w h i t e   t o   b u f f   q u a r t z i t e   t h a t   g r a d e s  upward t o   b l a c k  
p h y l l i t e .  Minor f i n e  carbonate   g ra ins   occur  i n  both  zones  and  the 
phy l l i t e   d i sp l ays   coa r se   rhombic   do lomi te   c rys t a l s .  The o r i e n t a t i o n  of 
these  b e d s   i n d i c a t e s   t h a t   t h e  mine s t r a t a  are overturned.  

Workings  on Level 3 of   the mine expose a d i s t i n c t i v e  bed t h a t  is we l l  up 
i n   t h e  Rainbow member ( u n i t  7. Fig. 3 0 ) .  The bed lies about  60 metres 
s t r a t i g r a p h i c a l l y  above the  Fainhow-Baker contact and consists O E  dark 
g r e y i s h  green, f ine-gra ined ,   mass ive   to   fa in t ly   l amina ted  rock. wi th  
a b u n d a n t   f i n e   p y r r h o t i t e  lamellae and rare s c a t t e r e d  coarse p y r i t e  
c r y s t a l s .  While   the  euhedral   pyr i te  i s  i n t e r p r e t e d   t o  be metamorphic, 
t h e   d i s t i n c t i v e   p y r r h o t i t e   t e x t u r e  i s  thought  to  he  prima:ry. Ihe rock is  
t e n t a t i v e l y   i d e n t i f i e d  as metamorphosed t u € € .  

Lens ing   ou t  of sedimentary s t r a t a  made i d e n t i f i c a t i o n  of  key  marker  beds 
i n  t he  mine workings d i f f i c u l t .   V i r t u a l l y  a l l  l i t h o l o g i e s  are co r re l a -  

metre length   o f  t h e  mine workings .   Poten t ia l ly   usefu l   un i t s  are: ore- 
t a b l e   o v e r   s h o r t   d i s t a n c e s   b u t  few are cont inuous   over   the  e n t i r e  500- 

host ing  l imestones,   th in-bedded  white   quartzi tes ,   and  orange t o  buff-  
weather ing   do lomi te   l ayers .  All t h r e e   l i t h o l o g i e s  are r ( s a d i 1 y   i d e n t i f i -  
able,   even i n  in tense ly   c leaved   exposures .  On Level ;I (F ig .  3Cl) drag 

beds near the   sou theas t e rn  limit of the mine w r k i n g s .  Any of  these 
f o l d i n g  and in t ense   f au l t i ng   obscu re   t he   p robab le   con t inu i ty  of these  

markers  can  he  used as a p rospec t ing   gu ide   i n   exp lo ra t ion   p rog rams   i n   t he  
a rea ,  and o the r  u n i t s  may prove   usefu l   loca l ly .  

Mine scale s t r u c t u r a l   f e a t u r e s  are i l l u s t r a t e d  on Figure!: 29 throu.gh 32. 
Several  minor  folds were noted  with  an  average  plunge of 21 degrees  

determined  from many w e l l - e x p o s e d   l i t h o l o g i c a l   c o n t a c t s   t h a t   s t r i k e   n o r t h  
toward  north 45 degrees  west. Or i en ta t ion  of s t ra ta  c,n Figure 31 was 

v a r i e s   c o n s i d e r a b l y   i n   b o t h   o r i e n t a t i o n  and  i n t e n s i t y .  Its devel.opment 
50 degrees  west wi th   d ips   averaging  50 degrees   nor theas t .  Cl.eavage 

r anges   f rom  neg l ig ib l e   t o   l oca l ly  so in tense   tha t   c leavage   obscures   rock  
tex tures   and   causes   poor   d r i l l   core   recovery .   Cleavage   or ien ta t ion  
r o u g h l y   p a r a l l e l s  the s t r i k e  of  rock s t ra ta  b u t   d i p s  are shal lower,  
ranging  from 0 t o  50 degrees  and  averaging 3 0  degrees   nor theas t .  The 
o r i e n t a t i o n  of  cleavage closer to h o r i z o n t a l   t h a n   t h e   d i p  of the  rock 
s t r a t a   s u p p o r t s   t h e   c o n c l u s i o n  of ove r tu rned   fo lds   i n   t he  mine area. 
Prominent   l ineat ions  throughout   the mine paral le l  minor f o l d  axes. 

F a u l t s  ahound i n  t h e  mine. Most f a l l  i n t o  two ca tegor ies :   nor th-south-  
s t r i k i n g ,   s t e e p l y   e a s t - d i p p i n g   d e x t r a l   f a u l t s   ( F i g .  383), and  shallow, 
normal f a u l t s   p a r a l l e l  to the   c leavage  (Fig.  3 1 ) .  The l a t t e r  a r e  
abundan t   bu t   o f t en   sub t l e ,   w i th  l i t t l e  o r  no  gouge.  Benedict  (1945) 
d i s c u s s e s  them i n  some de ta i l ;   they   produce  a l i m i t e d   b u t   r e p e t i t i v e  
displacement  which  produces  an overal l  a p p a r e n t   d i p  of 70 degrees   nor th-  
east i n   t h e  mine s t ra ta  (F igs .  31 and 32 ) .  
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Figure  31. Geological  cross-section of t h e  No. 2 Crosscut West, No. 2 Level,  Mosquito 
Creek Gold mine. 
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MINERALIZATION 

a long  a t o t a l   s t r i k e   l e n g t h  of 45 k i lome t re s   t ha t   i nc ludes  t h e  Mc'squito 
Gold o r e   o c c u r s   i n  a l a r g e  number of d i s c r e t e ,   r e l a t i v e l y  small d e p o s i t s  

Creek,  Island  Mountain,  and  Cariboo Gold p l a r t z  mines (Fig.  29) 

p y r i t e   i n   q u a r t z   v e i n s  i n  t h e  Rainbow member (Fig.  33) or   s t ra tabound,  
(Suther land  Brown, 1957) .   lhese   occur rences   cons is t   o f   e i ther   aur i . fe rous  

m a s s i v e   a u r i f e r o u s   p y r i t e  lenses, termed  'replacement  ore, '   within  and a t  
the  contacts  of limestone  beds of the Baker member (Fig. 31 ) .  

puartz  Vein O r e  

The mine rocks   a re  cut by numerous genera t ions  of i n t e r s e c t i n g   q u a r t z  

p y r i t e  which is invar iab ly   aur i fe rous .   Ore-bear ing   quar tz   ve ins   car ry   up  
ve ins ;   the   major i ty   a re   bar ren .  A minori ty  of these   ve ins   car ry   coarse  

average  product ion  grades  are   considerably  lower.  Ore veins  i n  W)squito 
t o  25 p e r  c e n t  p y r i t e  and  grade up t o  70 grams gold  per  tonne,  a:lthough 

Creek  mine reach 5 metres  i n  width; t h e  u l t i m a t e   l e n g t h  and he igh t  of  the 
near -ver t ica l   ve ins  is s t i l l  t o  be determined. 

Wells. A t  Cariboo Gold p l a r t z ,  where t o t a l   p r o d u c t i o n  was 1.54  Inillion 
Minerh l ized   quar tz   ve ins   occur red   in   a l l   th ree  of the  major mines a t  

p r e s s ) ,   t h e   q u a r t z   v e i n s  were the  main source  of  ore. At Mosquito  Creek 
tonnes  grading 13.4  grams gold  per  tonne from  1933 t o  1959 (Car ly le ,  i n  

mine,   during  high  metal   price cycles, production  has come front t h ree  
quar tz   ve ins   wi th   g rades   ranging  from  4.5 t o  7.9  grams  gold  per  tonne. 
These  mineral ized  quartz   veins  a t  Mosquito  Creek mine occur  within  Baker 
member rocks  and  accessory  minerals i n  the  veins   are   ankeri te ,   ,galena,  
s p h a l e r i t e ,  and s e r i c i t e .  However, Skerl (1948)   a l so   r epor t s   f r ee   go ld ,  
c o s a l i t e ,   a r g e n t i t e ,  and cha lcopyr i t e  from qua r t z   ve ins  a t  Cariboo Gold 
puar tz  mine. Figure 33 is  a sketch  of a major   quartz   vein a t  13ariboo 

i n  Rainbow rocks kut where the  vein  system  continues i n t o  Baker member 
Gold p l a r t z  mine. It shows tha t   t he   ve in  is most  extensively  developed 

r o c k s  it i n t e r s e c t s  and  terminates i n  a ' replacement   ore '  l ens .  

S e r i c i t e  f rom  mineral ized  quartz   veins  a t  Cariboo %old p l a r t z  and 
Mosquito  Creek mine has   y ie lded   La te   Jurass ic /Far ly   Cre taceous  K/AK d a t e s  
of 1 4 1 f 5  (Andrew,  1982)  and  139 5 (G. K l e i n ,  personal  commni.cation) 
r e spec t ive ly ,  from s i t e s   rough ly  4 k i lomet res   apar t .  

Replacement O r e  

The h i s t o r i c  term ' replacement   ore '  i s  used  for   the  s t ra tabound  massive 
p y r i t e   o r e  lenses d e s p i t e  i t s  genet ic   impl ica t ions .  While quar-tz  vein 
o r e  i s  most a h n d a n t  i n  Rainbow rocks and only  rarely  occurs  in Baker 
rocks,   replacement   ore   occurs   only  within Baker  rocks.  Typically, 
replacement   ore   lenses   occur  w i t h i n  o r   a t   t h e   c o n t a c t s  of the  l imestone 
lenses   (F igs .  30 and 31).  The o re   l enses   gene ra l ly  OCCUK within 25 
metres of t h e  contact  between  dark Rainbow member bed:j  and p a l e  Baker 
beds. 
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In a d d i t i o n   t o   t h i s   l i t h o l o g i c   a s s o c i a t i o n ,  most of the  replacement 

commonly l o c a l l i z e d  i n  t he   c r e s t s   o r   noses  of  the  minor  folds and less 
l e n s e s   a r e   s t r u c t u r a l l y   c o n t r o l l e d .  The mass ive   pyr i te  l enses  a r e  

occur i n  s teeply  dipping  l imbs of the main f o l d   s t r u c t u r e  and i n  
f r e q u e n t l y   i n   f o l d   t r o u g h s .  However, s ign i f i can t   t onnages  of o r e   a l s o  

f l a t - l y i n g   t a b u l a r  lenses where the  l imestones  have  ' rol led out' o r  
f l a t t e n e d .  

averaged 2 000 t o  7 000 tonnes.   Typical   d imensions  are  2 t o  3 metres 
A t  I s l and  Mountain  mine o re  lenses ranged  from  500 t o  35 000 tonnes,  and 

plunge.  Replacement  ore  zones  have  average  cross-section  areas of  10 
t h i c k ,  6 metres  wide, and  from 30 t o  many hundreds of metres 1on.g down 

square  metres, n e c e s s i t a t i n g   t i g h t   e x p l o r a t i o n   d r i l l   s p a c i n g  and c a r e f u l  
s tudy of p e r i p h e r a l   a l t e r a t i o n   f e a t u r e s  i n  order   to   recognize   'near  
misses '  i n  d r i l l i n g .  

The py r i t e   l enses   a r e   f i ne -g ra ined  and  usually  massive.  Locally  they 
d i s p l a y   f a i n t   b a n d i n g   p a r a l l e l   t o   t h e   h o s t   s t r a t a .  The f i n e s t   q r a i n e d  
py r i t e   con ta ins   t he   h ighes t   go ld   va lues .   ove ra l l   g rades  from 30 years  of 
product ion a t   I s l a n d  Mountain  mine  averaged  16.5  grams  gcld  per  tonne  and 

replacement   ore  a lone,  which suppl ied roughly  60 per c!ent  of  th.e pro- 
2.4' grams s i l v e r  per  tonne (Car ly l e ,  i n  p r e s s ) .  However, grades from 

duct ion,   averaged 23.0 grams gold  per  tonne  and 3.4 qrams s i l ve r  per  
tonne.   Overal l   grades a t  Mosquito  Creek t o  December, 1982 mine averaged 
14.5  grams  gold  per  tonne  from  49  940  tonnes of quartz  vein  and  replace- 
ment ore  combined. 

Ore lenses  have  sharp  hangingwall  and footwal l   contac ts ;   1a te ra l l .y   they  
g rade   p rog res s ive ly   i n to   coa r se r   ba r r en   py r i t e   w i th   coa r se   a r senopyr i t e ,  
minor  amounts of d i sseminated   ga lena ,   spha ler i te  and r a re   py r rho t i t e ,  
t h e n   i n t o   s i l i c i f i e d   l i m e s t o n e ,   s e r i c i t i z e d   l i m e s t o n e   o r   s e r i c i t e  s c h i s t .  
The host   rock is  a lways   l imes tone ;   do lomi t i zed ,   s i l i c i f i ed ,   o r   s e r i c i t -  

a t i o n   h a s   o b l i t e r a t e d   t h e   o r i g i n a l  l i t ho logy .  One small replacement  ore 
i z e d   l i m e s t o n e ;   o r   s e r i c i t e   s c h i s t .  I n  t he  schist ,  p e r v a s i v e   s e r l c i t i z -  

occurrence i n  s e r i c i t e   s c h i s t   h o s t  rock is  i l l u s t r a t e d  on Figure 31. 
Comparison w i t h  o re  lenses  i n  s e r i c i t i z e d  limestone s u g g e s t s   t h a t  the  
s c h i s t s   a r e   d e r i v e d  from l imestone  as   wel l .   Carlyle  ( i n  press )   no ted  
t h a t   s e r i c i t i z a t i o n  i s  most i n t e n s e  i n  t h e   s t r u c t u r a l   f o o t w a l l  of t h e  
p y r i t e  lenses .  

Shor t  ( 2  t o  4-metre), narrow (less  than  5-centimetre)  ,veins  of  massive 
ga lena   and   spha ler i te   minera l iza t ion   occur  i n  the  hangingwall   or iented a t  
r i g h t   a n g l e s   t o   t h e   o r e   l e n s e s ;   s i m i l a r   v e i n s   o c c u r ,   b u t   a r e   r a r e ,  i n  t he  

charac te r ize   the   hangingwal l   a l te ra t ion   zones .   Recogni t ion   o f   these  
footwal l .  Minor  amounts of turquoise-green  chromium-bearing  mariposite 

a l t e r a t i o n   f e a t u r e s  and pe r iphe ra l   accesso ry   mine ra l s   a t   t he  mine 
e n l a r g e s   ' t a r g e t s '   f o r   e x p l o r a t i o n  diamond d r i l l i n g .  

p o s t d a t e   t h e   o r e ,   b u t   a t  l e a s t  one  major  vein may be  cont.emporaneous  with 
Some q u a r t z   v e i n l e t s  show c r o s s c u t t i n g   r e l a t i o n s h i p s   t h a t   c l e a r l y  

a massive  pyri te   lens .  I n  a n  exce l len t   exposure  i n  the 2E st-ope a t  
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F i g r e  33. Pian of t h e  19-2 stope ve ln  system, C a r l b o o  Gold Quar tz  mine ( a f t e r  
Sker I, 1948). 



Mosquito  Creek  mine, a v e r t i c a l   Z a e t r e - w i d e  barren quartz  vein  pene- 
t r a t e s   t h e   m a s s i v e   p y r i t e  l e n s  and  terminates  abruptly a t   t he   hang ingwa l l  

q u a r t z   v e i n   a r e   i n t e r l a y e r e d   w i t h   s t r a t i f o r m   s i l i c i f i e d   g a l e n a -  
c o n t a c t   w i t h   s e r i c i t e   s c h i s t s .  me la t e ra l   marg ins   o f   t h i s   mass ive   wh i t e  

mass ive   py r i t e   o f  typical replacement  ore. 
s p h a l e r i t e - p y r i t e   m i n e r a l i z a t i o n  which g r a d e s   l a t e r a l l y   i n t o   f i n e - g r a i n e d  

GENESIS 

C a r l y l e   ( i n   p r e s s )   d e s c r i b e s   t h e   t h r e e  main g e n e t i c   t h e o r i e s  of  mineral- 
i za t ion   deve loped  since mining  operations  began i n  1933: 

( 1 )  Metals  were  remobilized  from  the  country  rock  during  regional  meta- 
morphism  and were reconcentrated i n  di la t ion  zones,   such  as ,   fold 
axes. 

(2) Hydrothermal   f luids   rose  f rom a deeply   tu r ied   source   a long  a complex 
f r a c t u r e  network of qua r t z   ve ins  and preferen t ia l1 .y   rep laced   the  
limestone  beds. 

( 3 )  Fiydrothermal f l u i d s   r o s e  from a deeply h r i e d   s o u r c e  up  the  major 
n o r t h - s t r i k i n g   f a u l t s  and preferen t ia l ly   rep laced   l imes tone   beds .  
p l a r t z  vein  ore  then  developed  outward  from  the  replacement  ore 
lenses .  

Recently  developed  metallogenic  concepts  of  volcanic  exhalative  .and/or 

o f   t he  models f i t s  well wi th   observed   da ta   such   as :   quar tz   ve in   minera l -  
sed imentary   exhala t ive   depos i t s  were c o n s i d e r e d   f o r   t h i s   a r e a   b u t   n e i t h e r  

r a t i o s ;   t r a c e   m e t a l   a s s o c i a t i o n s  of arsenic,   bismuth,  tungsten;  and Late 
i z a t i o n  i n  t he   s t r a t ig raph ic   hang ingwa l l ;   a typ ica l ly   h igh   go ld /base  metal 

Jurassic/Early  Cretaceous  radiometr ic   dates   for   the  quartz   vein  ore   which 
c o n t r a s t   w i t h   C a r b o n i f e r o u s   f o s s i l   d a t e s  of t he   hos t   rock .  

Lead isotope ana lyses  reported by Andrew, et al. ( t h i s  volume) provide  a 
Pb/Pb  model  age  of 185t50 Ma for   the  lead  mineral izat ion  which  covers  a 
broad  enough  range t o  be  contemporaneous  with  regional  metamorphism (K/Ar 
age  of  179t8 M a )  or wi th   pos t - tec tonic  magmatism (K/Ar aqe  of  143t14 Ma) 

by inference   the   go ld ,  i n  t hese   depos i t s  was der ived  f r m  c r u s t a l   r o c k s  
(Pigage,  1977).  Andrew, e t  al .   have  concluded  that   the  lead,  and 

e i t h e r  by l a t e r a l   s e c r e t i o n   d u r i n g  Middle  Mesozoic r eg iona l  metamorphism 

p o s t - t e c t o n i c  magmatism. 
o r  by hydrothermal   leaching  re la ted  to  Late Jurass ic /Ear ly   Cre t .3cems 

Given   t he   d i s t r ib i l t i on   o f   a l l   t he  known gold   depos i t s   over  a 45-kilometre 
s t r i k e   l e n g t h   a l o n g  a s ing le   fo ld   l imb ,  a r e g i o n a l   t e c t o n i c   c o n t r o l   f o r  
t h e  minera l iz ing   event  seems necessary.  The wri ter   envisages  the  gold-  
b e a r i n g   f l u i d s  were der ived  from the   c rus t a l   rocks   du r ing   r eg iona l  meta- 
morphism  and  emplaced l a t e  i n  t he   t ec ton ic   cyc le   du r ing  a p e r i o d   o f   f a u l t  
readjustment  (-140 M a ) .  The f lu ids   pene t ra ted   the   fo lded ,   over turned  
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a t e  beds when encountered.   Fluids   f lowed  a long  di la tant   fold  noses   and 
s t r a t a ,   p r e c i p i t a t i n g   m i n e r a l i z e d   q u a r t z   v e i n s  and reac t ing   wi th   carbon-  

t roughs   w i th in   t he   l imes tones ,   p rec ip i t a t ing   i n   mass ive   su lph ide  lenses. 

EWLORATION 

Successfu l   explora t ion  i n  the  region  has   been  based  e i ther  on d i r e c t  
p rospec t ing   o r  on d r i l l i n g   n e a r  t h e  c r i t i c a l  Rainbow-Baker contac t .  
Trenching  has   a lways  been  an  essent ia l   par t   of   the   explorat ion  programs 
because   s lopes   th roughout   the   a rea   a re   s teep   and   g lac ia l   overburden  is 
deep. 

The use fu lness  of  geophysical methods  such a s  IP ,  EM/VLF-EM, and SP is 

i s  h igh   i n  some s t r a t a ,  major fau l t   zones   a re   f requent ,   and  typical 
l imi t ed   because   t r ace   d i s semina ted   py r i t e  i s  ubiqui tous ,   carbon  conten t  

Creek  mine  delineated  the  contact  between  the  Baker member and the   h ighly  
orebodies   a re   very   smal l .  A t e s t  i nduced   po la r i za t ion   su rvey   a t   Mosqu i to  

carbonaceous Rainbow member. Resolut ion was s u f f i c i e n t   t o  show d i s -  
placement   of   the   contact   a long by a major   north-south  faul t .  More u s e f u l  
r e s u l t s  were o b t a i n e d   i n  a r ecen t  VLF-EM survey on t h e   b s q u i t o  Creek 
mines  p rope r ty  where the Rainbow-Baker contact i s  de l inea ted  by bands of 
a d j a c e n t   h i g h  and low anomalous  values   that   fol low  the  contact   and show 
t h e  same nor th-south   fau l t   d i sp lacement .  The advantages  of  the VLF 
system  over  the I P  technique l i e  i n  speed, simplicity,  and lower  cost. 
C o r r e l a t i o n  of f i l t e r e d  VLF results wi th   p roper ty   geology  sugges ts   tha t  
t h e  anomalous VLF-EM lows or   t roughs  may coincide  with  subcropping non- 
conduct ive  l imestone  uni ts .  

Geochemical s o i l   s u r v e y s  i n  the  region  have  produced  gold  anomalies and 
a r sen ic ,   l ead ,   b i smuth ,   s i l ve r ,  and copper   are   being  used as pa th f inde r  
e lements   to   avoid   the   p roblem  of   red is t r ibu ted   p lacer   go ld  i n  t h e   g l a c i a l  

bu rden ,   so i l   c r eep ,  and small t a r g e t s  make spot t ing  fol low-up diamond- 
till. Unfor tuna te ly ,   chemica l   meta l   d i spers ion ,   th ick   g lac ia l   over -  

d r i l l   h o l e s   d i f f i c u l t .  Follow-up  of  anomalies by t renching  would 
probably be a s   c o s t - e f f e c t i v e   a s   d r i l l i n g .  

On a mine s c a l e ,  systematic e x p l o r a t i o n   f o r   r e p l a c e m e n t   o r e   a t   t h e  
Mosquito  Creek mine i n v o l v e s   e s t a b l i s h i n g  a regular   spac ing   of   explora-  
a t i o n   c r o s s c u t s   o f f   t h e  main sou theas t -no r thwes t   d r i f t   (F ig .  30) and a 

T h i s   t i g h t   d r i l l   p a t t e r n  i s  e s sen t i a l   because   o re   zones   and   t he i r   a l t e r -  
r e g u l a r   p a t t e r n  of i n c l i n e d   d r i l l   h o l e s  from each   c rosscut   (F ig .  3 1 ) .  

a t i on   ha los   a r e   sma l l .  Once o re  i s  i n t e r s e c t e d ,  it i s  developed by 
mining  along  the  plunge of the  host ing  minor   folds   (Fig.   29) .  

g rade   go ld   depos i t s  is exce l l en t .   Su r face  and  underground  exploration 
The e x p l o r a t i o n   p o t e n t i a l   f o r  more  of these r e l a t i v e l y   s m a l l ,  but high 

programs a t  Mosquito  Creek mine have  discovered  addi t ional   reserves   of  
rep lacement   o re .   Subs tan t ia l   reserves  had b e e n   e s t a b l i s h e d   a t   d e p t h  i n  
the  Is land  Mountain mine when i t  c l o s e d   i n  1967. Production from the  
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Cariboo  Cold  @art2 mine was predominantly  from  quartz  vein  ore j.n t he  
Rainbow member (Figs .  29 and  33)   while   the  exis tence  and  potent ia l   of   the  

p o t e n t i a l   o f  minor  l imestone  horizons  within  the Rainbow member rocks  has 
replacement   ore   within  the Baker member  was unrecognized. The mineral  

ye t   t o   be   eva lua ted .  

collcLusIolus 

The Cariboo Gold Belt is one of t h e  major  gold  producing  regions  of  the 
Canadian  Cordi l lera .  'Ihe t b s q u i t o  Creek  mine  produces  ore  from a  number 

b e a r i n g   s t r a t a   t h a t   y i e l d e d  37 697 kilograms of gold  and 4 354 kilograms 
o f   d e p o s i t s   t h a t   a r e   d i s t r i b u t e d   a l o n g   t h e   s t r i k e   e x t e n s i o n  of ore- 

of si lver  since  underground  mining commenced i n  the  area i n  1933. 

The many o re   depos i t s  of t he   be l t   occu r  i n  a s t ruc tu ra l ly   ove r - tu rned  
metasedimentary  rock  sequence of the  Carboniferous  Cariboo Group.  Mwer 
J u r a s s i c   r e g i o n a l  metamorphism  produced greenschis t   fac ies   minera logy .  
Deformation  produced  regional,  northwest-trending  overtu:?ned  folds:  with 
associated  rhythmical ly   spaced  minor   folds .   Ear ly   0:etaceous  lower 
grade  quartz   vein  ore   deposi ts   are   hosted  predominant ly  i n  the  dark 
carbonaceous  rocks  of t h e  Pennsylvanian/Permian Rainbow member. Higher 
g rade   r ep lacemen t   o re   depos i t s   a r e   hos t ed   w i th in   and   a t   t he   con tac t s  of 
a l te red   l imes tone   hor izons  i n  the  l ight-coloured  Mississ ippian Baker 
member. The rep lacement   o re   depos i t s   a re   loca l ized  by p a r a s i t i c ,  minor 
f o l d s  and t h e  c r e s t s  and  troughs of these   fo lds  may be  cont inuously  or  
discont inuously  mineral ized  for  many hundreds of metres down plunge.. 

The o re   depos i t s   a r e   c l ea r ly   ep igene t i c   a l t hough   t he   exac t  mechani.sm of 
t h e i r  emplacement  has still t o  be  determined. The gold was l i k e l y  
der ived from deeper   c rus ta l   rocks .  

The Cariboo Gold Eelt o f f e r s   e x c e l l e n t   e x p l o r a t i o n   p o t e n t i a l   w i t h i n ,  
between,  and  beyond  the  existing mine workings. An e f f e c t i v e   e x p l o r a t i o n  
program i n  this environment should combine detailed prospect ing and 
g e o l o g i c a l  mapping wi th   so i l   geochemis t ry  and VLF-EM g e o p h y s i c s .   I n i t i a l  
work should  be  followed by an  aggressive  trenching  program. The grade  of 
r ep lacemen t   o re   l enses   and   t he i r   o r i en ta t ion  i s  so uniform  and  predict-  
ab le   t ha t   min ing   can  be i n i t i a t e d   d i r e c t l y  from a subcrop  exposure OK a 
s i n g l e   d r i l l   h o l e   i n t e r s e c t i o n .  

A C K N U ? L ~ E N T s  

The writer thanks  the  manager, R. R. Yarjau, and s t a f f  of Mosquito  Creek 
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TELKWA COALFIELD, WEST-CENTRAL BRITISH COLUMBIA 
(93L) 

By J. K W  

INTRODUCTION 

The 'Pelkwa C o a l f i e l d  i s  s i t u a t e d  a few ki lometres   southwest   of  TeWm and 

Canadian  National  Railway l i n e  and Highway 16 run  through  the town of 
18 k i lomet res   south  of Smithers i n  wes t - cen t r a l   Br i t i sh  Columbia. The 

Telkwa t o   t h e   p o r t  of Prince  Rupert ,  370 k i lomet res  west of the Telkwa 
C o a l f i e l d ,  

a t i o n  had  been  concentrated  on  the  coal  seams exposed  a long  the  val leys  
Af t e r   t he  i n i t i a l  d i scovery  of coal about  1900 u n t i l  the   1950 ' s ,   explor -  

o f   t h e  Telkwa River  and  Goathorn  Creek  (Dowling,  1915;  Bl.sck,  1951)  (Fig. 

deeply  through  the  thick  overburden.   Volcanic   or   int rustve  rocks  under-  
3 4 ) .  Telkwa coa l   measures   c rop   ou t   on ly   in  a few va l l eys   t ha t   have   cu t  

l i e  most  of  the  higher  r idges  around  the  Wlkwa  Coalfield.  Ihe Telkwa 
bas in  l ies  near t h e  southern  boundary of Rowser successoc  basin  north of 
Skeena Arch within  the  Intermontane Eelt of the  Canadian  Cordi l lera  
(T ippe r  and  Richards,  1976; Carter, 19811,  and  the Telkwa c o a l   w a s u r e s  
compr i se   pa r t  of a Mesozoic  volcanic  and  sedimentary  sequence c u t  hy 
g r a n i t i c   i n t r u s i o n s  of Late Cretaceous and Ear ly   Ter t ia ry   age .  

I n  1969,  Canex Placer  Ltd.  conducted a d r i l l  program t o   e x p l o r e   t h e  
n o r t h e r n   p a r t   o f   t h e   c o a l f i e l d .  S i n c e  1979, Crows Nest Resources  Limited 
has  conducted a n  ex tens ive   exp lo ra t ion  program t o   d e l i n e a t e  econom1.c c o a l  
seams of the  lklkwa  Coalfield.   Mining t o  da t e   has   cons i s t ed  of rela- 
t i v e l y  small  scale underground  and  open p i t  ope ra t ions  i n  the  val ' leys  of 
t h e  Telkwa River  and  Goathorn  Creek. Growth i n  mining  has  been  hampered 
by  the  l imited  geological   understanding  of   the  coal   measures   and  their  
coal resource p o t e n t i a l .  

The present project was i n i t i a t e d  i n  e a r l y  August o:f 1982 with t h e  
fol lowing  terms  of   reference:  
structural  deve lopnent ,   depos i t iona l   envi ronnents ,  and geologic age of 

d e s c r i p t i o n  of tk.e s t r a t i g r a p h y ,  

d e f i n i t i o n  of t he  areal  ex ten t   o f   the   coa l  measures, and t h e i r   r e l a t i o n -  
t h e  Telkwa b a s i n ;   t h e   c o r r e l a t i o n  of c o a l  seams and t h e i r   q u a l i t y ;  

h i p s  to sur rounding   rocks .   This   repor t   p resents   p re l iminary  restllts of 

mapping,  conducted a t  s c a l e  1 : l O  000,  was based   on   inves t iga t ion  of out-  
the  fieldwork  conducted  between  August  and  September of '1982. Geological  

c r o p s  and  examination  of d r i l l   co res .   F i e ldwork   fo r   t he   p ro j ec t  w i l l  be 
completed  during  the summer of  1983. 

STRATIGRAPHY OF THE TELKWA COAL llEAsURES 

The  Telkwa coal  measures c a n  be subdiv ided   in to   the  Iower, Middle,  and 
Upper uni t s   (F igs .   34 ,  35, and 36) .  
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F1 y r e  34. Slnpllfled geolog of the l e l k w a  Coa l t l e16  
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F l p r e  35. GeoIogIcaI cross-sections, Telkwa Coal f  I t~ ld  

The Lawer u n i t  c o n s i s t s  of conglomerate,   coarse  to  f ine-grained  sand- 
stone,  mudstone,  and coal seams. This   uni t   compriges  t h e  lower p a r t  of 
t h e  Telkwa c o a l  measures. I ts  thickness   var ies   f rom 115 t o  1 2 0  metres. 
U p  to seven   f in ing-upward   rhy thmi tes   charac te r ize   ver t ica l   sec t ions  of 
t h i s  u n i t .  Each rhythmite  shows a g r a d u a l   l i t h o l o g i c a l   v a r i a t i o n  up 

grained  sandstone  to   f ine-grained  sandstone  or   mudstone.  The individual 
s e c t i o n  from  conglomerates  or  coarse-grained  sandstone  through medium- 

rhythmites  vary  in  thickness  from 4 t o  40 metres. 
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Conglomerates  occur i n  some of  the  f ining-upward  rhythnites,  but. only 
nea r   t he   base  of t he  Lawer u n i t .  Most conglomeratic  layers  consj.st   of 
subangu la r   t o   sub rounded ,   r e l a t ive ly   we l l - so r t ed   c l a s t s   t . ha t   dec rease  i n  
s i z e   u p   s e c t i o n  from cobbles   through  pebbles   to   granules .  The conglom- 
e ra t i c  l aye r s   va ry   i n   . t h i ckness  from 50 cen t ime t re s   t o   15  metres. Most 

agglomerates  and t u f f s  of b a s a l t i c ,   a n d e s i t i c ,  o r  dac i t ic  composition. 
o f   t he  clasts o r i g i n a t e  from red,  green, o r   g r e y  volcanic   f lows,  

The coarse-grained  sandstones are mainly maroon, purp le ,   o r   g rey .  They 
are up t o  10 metres thick  and  similar  in  composition  to  the  conglomer- 
a tes .  The  medium to   f ine-gra ined   sands tones   a re   purp le ,   g rey ,  o:c dark 

b l ack ,  o r  brown and range from 2 to 25 metres i n  th ickness .  I n  t he  upper 
grey ,  and range up t o  40 metres i n  th ickness .  The mudstones are grey, 

p a r t  of t h e  mwer u n i t ,  mudstone l aye r s  a t  the  tops of the  fining-upward 
rhythmi tes  are r e l a t ive ly   t h i ck .   These  mudstone l a y e r s   a r e   c l o s e l y  
a s soc ia t ed   w i th   coa l  seams. C o a l i f i e d   p l a n t   d e b r i s  up to   15   cen t ime t re s  

w i t h i n  the   conglomera tes  and coarse t o  medium-grained sandstones.  
long, 5 cent imetres   wide,  and 2 centimetres th i ck   a r e  randomly s c a t t e r e d  

The Lawer u n i t   t y p i f i e s  a f l u v i a l  c las t ic  sequence. The conglomerate  and 
commonly crossbedded,  coarse  to  medium-grained  sandstone  layers  are 
l e n t i c u l a r  i n  shape  with  l imited la te ra l  extension,  and represent r e l a -  
t ive ly   h igh-energy   channel   depos i t s .  The f ine-grained  sandstones  and 
mudstones  form l a t e ra l ly   ex t ens ive   l aye r s   and   r ep resen t   r e l a t ive1 .y  low- 
energy  f lood  plain  deposi ts .  

The  Middle u n i t   c o n s i s t s  of 90 t o  140 metres of medium to   f i ne -g ra ined  
sandstones  and  mudstones.   This   uni t   comprises   . the  midd1.e s t r a t a  of t he  
Telkwa coal  measures.  'Ihe rocks  are   green,   grey,   or   black.  They  form 

u p   t o  100 metres thick  and  over 1 k i lomet re  long i n  l a t e r a l   e x t e n t .  
r e l a t i v e l y  th i ck  and l a t e r a l l y   e x t e n s i v e   l a y e r s .  Some of t h e   l a y e r s   a r e  

Loca l ly ,   the   Middle   un i t   conta ins   severa l  2 to 20-metre-thick  fining- 
upward  rhythmi tes. Fach  rhythmi te begins  with  medium-grained  sands  tone 
and  ends  with  f ine-grained  sandstone  to  mudstone.  Although  these 
rhythmic s e q u e n c e s   r e p r e s e n t   f l u v i a l  deposits,  loca l   sha l low mar ine  
i ncu r s ions   i n   t he   Midd le  u n i t  a r e   a l s o   s i g n a l l e d  by the nol luscan  faunas 
tha t   inc lude   brachiopods .  

and c o a l  seams. This u n i t  comprises the upper s t r a t a  of t he  Telkwa c o a l  
The Upper u n i t  c o n s i s t s  of more than 330 metres of s a n d s t m e s ,  mudstones, 

measures. The lower p a r t  of t h i s   u n i t   c o n s i s t s  of up t:o 180 metres of 
medium to  f ine-grained  sandstones,   mudstones,   and  coal seams. This  
success ion   cons i s t s  of up to eight  fining-upward  rhythmi.tes  that  change 

and   coa l  seams. Ind iv idua l  rhy thmi tes   a re  10 to 30 metres th ick .  
from  medium-grained sandstone through  f ine-grained s a n d s t o n e   t o  mudstone 

C o a l i f i e d   p l a n t   d e b r i s   u p   t o  5 cen t ime t re s   ac ross   a r e  conmonly sca . t te red  
wi th in  the sandstones.  The upper   par t  of t h i s   u n i t  is more than  150 
metres i n   t h i c k n e s s ,   c o n s i s t i n g  of  mudstone  with s u b o r d x a t e  amounts of 
fine-grained  sandstone  and  marl .  The rocks are greenish g rey   o r   da rk  
grey.  
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The &per  u n i t  i s  a f l u v i a l   c l a s t i c   s e q u e n c e   c o n s i s t i n g   o f  rmch f i n e r  
grained  sedimentary  rocks  than  those  of  the Lower u n i t .   T h i s  u n i t  
r e p r e s e n t s   r e l a t i v e l y  low-energy,   recessive  f luvial   deposi ts .  

P l a n t   f o s s i l s   a r e   r e l a t i v e l y   a b u n d a n t ,  and occur main ly  i n  the Lower and 
Upper u n i t s .  Hacquebard, et dl. ( 1 9 6 7 )   i d e n t i f i e d  these f o s s i l   p l a n t s  
and  determined them t o  be  of Iower Cretaceous  age.   Concretions  up  to a 
f e w  met res   across   a re  common i n  i r o n  and  carbonate-rich  rmdstones and 
sandstones  of   the  Telkwa coal  measures.  Clay  rip-ups,  loading,  slumping, 
f l a s e r s ,   c o n v o l u t i o n ,   t h i n   l a m i n a t i o n s ,   s c o u r   f i l l i n g ,  and b io tu rba t ion  
a r e   a l s o  common i n  most  rmdstones  and  sandstones  of  the  coal  measures. 

E r o s i o n   s t r i p p e d   o f f   m c h  of  the  *per  and  Middle u n i t s  i n  places  from 

from a  few metres t o  more than  100  metres  outside  major  valleys i n  t he  
t h e  Telkwa Coal f ie ld   (F igs .  35 and  36).  Overburden  ranges i n  t h i ckness  

c o a l f i e l d .  

HAZELTON VOLCANIC ROCKS 

composed  of red, purp le ,  green,  or  grey flow and p y r o c l a s t i c   r o c k s  
The T e l k w a  coal measures unconformably o v e r l i e  a volcanic  sequence 

(F igs .  34,  35,  and 3 6 ) .  Tnese   vo lcan ic   rocks   a r e   o f   dac i t i c ,   andes i t i c ,  
o r   b a s a l t i c   c o m p o s i t i o n .   m e   c o n t a c t  i s  c l e a r l y  a n  unconformi ty   tha t  is 
marked by basal   conglomerates   or   coarse-grained  sandstones of t h e  Telkwa 
coa l   measu res   t ha t  l i e  on the   uneven,   erosional   surface  of  t h e  volcanic  

They a r e  of L o w e r  J u r a s s i c   a g e  (Sinemurian t o   e a r l i e s t  Pl iensbachian)   and 
sequence. S imi la r   vo lcanic  rocks  occur ou t s ide   t he  Telkwa Coal f ie ld .  

c o m p r i s e   p a r t  of t h e  Howson s u b a e r i a l   f a c i e s  of t h e  Telkwa  Formation, a 
lower s t r a t i g r a p h i c   u n i t  of the  Hazelton Group (Tipper  and  Richards, 
1976). 

BULKLEY INTRUSIONS 

A ma jo r   i n t rus ion  of po rphyr i t i c   g ranod io r i t e   and   qua r t z   monzon i t e   cu t s  
t h e   c o a l   m e a s u r e s   a t   t h e   n o r t h  end  of  the  Telkwa  Coalfield  (Figs.  34 and 
3 5 ) .  This stock i s  one   of   the   wper   Cre taceous   (70   to  84 M a )  Eulkley 
intrusions  (Carter ,   1981) .   Elsewhere,   the   coal   measures   are   a lso cut by 
up  to   1O-metre- thick  quartz   porphyry  dykes  which  are   s imilar  i n  composi- 
t i o n   t o   t h e  major   intrusion,  and by up to  Z-metre-thick  mafic  dykes  of 
unknown age. 

STRUCTURAL FRAMEXORK 

The Telkwa coal  measures  dip  mostly 5 t o  15 d e g r e e s   t o   t h e   n o r t h e a s t  or 
e a s t   ( F i g s .  34 and  35). However, f a u l t i n g   c a u s e s   l o c a l   v a r i a t i o n s   d u e   t o  
d rag   fo ld ing   o r   b lock   t i l t i ng .   These   f au l t s   d ip   mos t ly   a t   h igh   ang le s  
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sou th ,  OK nor theas t .  Some crea ted   in tense ly   b recc ia ted   and   sheared   zones  
ranging  from 70 to 90 degrees  and strike northwest,   east-west,   north- 

u p   t o  5 metres wide t h a t  commonly con ta in   b recc ia t ed  and  sheared coal 

of  up to 30 metres (Figs .  34 and  35).  Mafic  dykes  intruded  along some of 
seam blocks.  The h igh-angle   fau l t s  show reve r se  or norma:t displacements  

t h e   n o r t h w e s t e r l y   f a u l t s ,  and a l l  mafic  and f e l s i c  i n t . c u s i o n s   a r e   a t  
l e a s t  p a r t l y   f a u l t   c o n t r o l l e d .  The m f i c  dykes are int:ensely  sheared 
a n d ,   l o c a l l y ,   a r e   a l t e r e d  t o  ta lc  s c h i s t .  

The coal   measures   appear   to   be bounded by a number of nor thwes ter ly  

f i e l d .  The n e t  d isplacements  on  these  boundary  faul ts  appear to he 
t r e n d i n g   h i g h - a n g l e   f a u l t s   t h a t   a r e   p a r a l l e l   t o  f a u l t s  wi.thin  the  coal-  

mainly ve r t i ca l  and  range  from 50 t o  300 metres. 'Ihe Tekwa   coa l   has in  
h a s  a h o r s t  a n d   g r a b e n   c o n f i p r a t i o n   t h a t   c o n s i s t s  of two . :>aralkl ,  major 
grabens   tha t   conta in   coa l   measures   separa ted  by  a cen t r a l .   ho r s t  made up 
of  Hazelton  volcanic  rocks. 

COAL SEAMS 

The c o a l   i n   t h e  Telkwa b a s i n   o c c u r s   i n   t h e  Lower and Upp,sr u n i t s   ( F i g s .  
34,  35,  and  36). Coal seams, the re fo re ,  are c lass i f ie ' j  as lower and 
upper sequences. 

The lower sequence  consis ts  of up t o   f o u r   c o a l  seams, 1 t o  15 metres 
a p a r t ,   t h a t   o c c u r   n e a r   t h e   s t r a t i g r a p h i c   t o p  of t h e  Lower u n i t .  
I n d i v i d l a l   c o a l  seams range  from 1 to 6 metres and  aggregate  zones  from 2 
t o  1 2  metres i n  th ickness .  The lower  coal sequence  extends  cont inuously 
throughout   the  Telkwa Coa l f i e ld  and v a r i e s  from 2 t o  40 metres i n  
thickness .  

F o l l o w i n g   i n f i l l i n g  of the  uneven,  eroded  surface of the  older  Hazelton 
t e r r a n e  by f l u v i a l   d e p o s i t s  of the  Lower u n i t  of t h e  Telkwa c o a l  
measures, a n  extensive  f lood  plain  developed  and  bogs  pers is ted long 
enough f o r   p o t e n t i a l l y  economic c o a l  seams t o  form. Per iodic   f looding  
and   depos i t ion  of r iver  mds  occurred.  The c o a l  swamp and f l o o d   p l a i n  
environment w a s  a l tered a n d  ended by mar ine  incurs ions .  Sedi.ments 
depos i t ed   du r ing  a few shor t - t e rm  t r ansg res s ions  and  r eg res s ions  mark t h e  
end of the  lower  coal  sequence. 

The upper  coal  sequence consists of u p  to 1 3   c o a l  seams. It l ies  .in t h e  
lower p a r t  of the   @per  u n i t .  P o t e n t i a l l y  economic c o a l  seams a r e  

upward  rhythmites   of   f luvial  c las t ic  rocks .   In t e rva l s  bet:ween i n d i v i d u a l  
c lose ly   assoc ia ted   wi th   b lack   mds tone   layers  a t  t he  tops of f in ing-  

c o a l  seams range  from 2 to 20 metres, a lmos t   t he   t h i ckness   o f   i nd iv idua l  
f ininq-upward  rhythmites.  Coal seams range   i n   i nd iv idua l   t h i ckness  from 
1 to 5 metres and in   agg rega te   t h i ckness  up to 26 metres. 

metres. h r i d e n t l y ,   e u t r o p i c   c o a l  swamps and  f lood  plains   developed  again 
The upper  coal  sequence  occupies a s t r a t i g r a p h i c   i n t e r v a l  of 20 .to 1 7 0  

i n  a recessive,   low-lying  f luvial   environment ,   fol lowing  deposi t ion of 
the  Middle  unit. 
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The sap rope l i c  coa l  c o n s i s t s  of b l ack ,   du l l  canneloid type with v i t r a i n  
Both sap rope l i c  and humic c o a l s  comprise  the lower  and upper coa l  seams. 

s t r i n g e r s   l e s s   t h a n  1 millimetre thick  and  up  to a  few per c e n t  of 
d i s semina ted   py r i t e .  This coa l   r ep resen t s   l imn ic   gy t t j a   depos i t s .  The 
humic c o a l   c o n s i s t s  of a l t e r n a t i n g   c l a r a i n  and  durain w i t h  occas iona l ly  

moor d e p o s i t s .  The  lower and  upper c o a l   s e a m s   h a v e   v i t r i n i t e  
abundan t   v i t r a in  and  fusain. This coa l  represents   l imno-telmatic   reed 

r e f l e c t a n c e s  (% nux.)  of 0.6 t o  0.9 per  cen t .  Although  the  lklkwa  coal 
r e p r e s e n t s   l a r g e l y   l i m n i c   t o   t e l m a t i c   d e p o s i t s ,  it may a l s o   c o n t a i n  
p a r a l i c   c o a l   l o c a l l y  due t o   t h e  marine incursions  near   the  top  of   the 
lower coal  sequence  and  near  the  base  of t h e  upper  coal  sequence. 

Natural   burning  occurred i n  l i m i t e d   p a r t s  of some coa l  seams t h a t   c r o p  
o u t  i n  the   s teep   c l i f f s   a long   Goathorn   Creek .   These   burn t  seams occur   i n  
zones   t ha t  l i e  w i t h i n  10 metres of the  base of the  overburden. The 
sed imentary   sec t ions  w i t h  bu rn t   coa l  seams show l o c a l   c o l l a p s e   o r   c r a c k l e  
s t ructures ,   red  oxidat ion  zones,   mel ted  rock  f ragments ,   and  res idual   ash 
l aye r s .  

CONCLUSIONS 

The Te lkwa  coal  measures can be subdivided i n t o  t h r e e   s t r a t i g r a p h i c a l l y  
s ign i f i can t   nap   un i t s   w i th   r e spec t   t o   t he   po ten t i a l ly   economic   coa l  
seams:  the Lower un i t ,   t he  Middle u n i t ,  and the Upper u n i t .  

Maximum th ickness  of the  coal  measures  succession  reaches 400 metres. 
S t r a t i g r a p h i c  columns show t y p i c a l ,   v e r t i c a l l y  and l a t e r a l l y   a c c r e t i n g ,  
f l u v i a l   c l a s t i c   s e q u e n c e s   w i t h   p e r i o d i c   m a r i n e   i n c u r s i o n s .  The f l u v i a l  
sequences  appear  to  comprise  channel  lag,  p o i n t  bar ,   braided  bar ,   levee,  
crevasse-splay,  and f lood   p la in   depos i t s .  

p a r t  of t h e  Upper un i t .  In e a c h   u n i t  they occur near t h e  tops  of most 
Coal seams occur a t   t h e  upper part of the Lower  u n i t  and a t   t h e  lower 

f in ing -upward   f l uv ia l   c l a s t i c   rhy thmi te s .  The lower  coal seams can be 
t raced  cont inuously  throughout   the  lklkwa  Coalf ie ld   within a r e l a t i v e l y  
n a r r o w   s t r a t i g r a p h i c   i n t e r v a l .  The upper   coa l  seams a r e   r e l a t i v e l y   t h i c k  
and are   best   developed i n  the   southern   ha l f   o f   the   coa l f ie ld .  

The coal  measures  are  probably of Lower Cxetaceous  age. They  uncon- 
formably  overl ie   Hazel ton  volcanic   rocks,   and  Bulkley  intrusions  intrude 

grabens and  were pro tec ted  from eros ion .  
them. The lklkwa  Coalf ie ld   exis ts   because  the  coal   measures  l i e  i n  two 
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LEGEND 

QUARTZ-FELDSPAR  PORPHYRY  SYMBOLS 

:PORPHYRITIC GRANODIORITE DIAMOND-DRILL HOLE . . . . . . . . . .  .- 

=QUARTZ PORPHYRY  GEOLOGICAL  CONTACT, 
. . . . . . . . . .  """.1 o e o a  DIORITE 

APPROXIMATE 

. . . . . . . . .  3 VOLCANIC ROCKS 
FAULT, ASSUMED.. 

(GEOLOGY A F T E R  COMPANY PLANS] 

F l q r e  31. Geoloq of Porphyry Creek prospect. 
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PORPHYRY CREEK PROPERTY 

( 94D/8E) 

By T. G. Schroeter 

INTRODUCTION 

On August  19th  and  20th  the writer vis i ted  the  Porphyry  Creek molybdenum 
p r o p e r t y  ( M I  94D-113) located  approximately 20 k i lomet res   southeas t  of 
Johanson Lake. '&e p rope r ty  was b e i n g   d r i l l e d  by Get ty  Mj-nes, Limited i n  
a n  opt ion  agreement   with Teck Corporat ion.  Wcess was by h e l i c o p t e r  from 
Johanson  Lake. 

GEOLOGY AND llINERALIZATION 

Molybden i t e   ro se t t e s   and   py r i t e   occu r   on   f r ac tu res   and   i n   qua r t z   ve in l e t s  
w i t h i n   m l t i - p h a s e   d i o r i t i c  t o  g r a n o d i o r i t i c  i n t r u s i v e  rocks  and  host  
Takla   Group  andesi t ic   rocks,   which  local ly  are hornfelsed  and  contain  red 
ga rne t ,   ep ido te ,   and   py r i t e  (F ig .  37) .   Magnet i te  is local ly   abundant   and 
c h a l c o p y r i t e  i s  rare. The stock  has  been mapped along a nor thwes ter ly  
t r e n d   f o r  750 metres and is 250 metres wide. A l t e ra t ion   mine ra l s   i nc lude  
qua r t z ,   po ta sh   f e ldspa r ,  sericite, ep idote ,  and garne t .  

Drill ho le  81-3 was deepened  from 242.9 t o  457.2 metres and  hole 82-6 was 
d r i l l e d   t o  a t o t a l   d e p t h  of  748 metres, b r i n g i n g   t o t a l  'I982 d r i l l i n g  t o  
962.3 metres. 

The writer acknowledges   the   hospi ta l i ty  of Getty  Mines,  Iimited  and Bema 
I n d u s t r i e s   L t d .   d u r i n g   h i s   v i s i t   t o   t h e   p r o p e r t y .  
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LAY CREEK PROPERTY 
(94D/9E) 

Qv T. G. SchrOeter 

INTRODUCTION 

The Lay Creek  property,   consis t ing  of   the  Breccia   c la ims (60  u n i t s  

Johanson  Lake, 210 k i lomet res   nor th-nor theas t  of Smithers.  kces s  t o   t h e  
t o t a l ) ,  i s  loca ted   approximate ly  6 k i lome t re s  east  of   the  south  end of 

p r o p e r t y  i s  e i t h e r  by the Omineca Mining Road 170  kilometres  from 
Germansen  Landing or approximately 200 k i lome t re s  v i a  f i x e d  wing  wheel  or 

showings  with  the Omineca  Mining Road. The writer v i s i t e d   t h e   p r o p e r t y  
f loa t -equipped  a i r c r a f t  from  Smithers. A 2.5-ki lometre   road  connects   the 

on August  20th. 

GEOLCGY AND UINERALIZATION 

Two m i n  areas of sur face   minera l iza t ion   and  a t h i r d   g e o p h y s i c a l  target  

mately 425 metres. The Rreccia zone t r ends  i n  a n o r t h w e s t e r l y   d i r e c t i o n  
w e r e  tested by diamond d r i l l i n g  w i t h  three d r i l l  holes t o t a l l i n g   a p p r o x i -  

a p p a r e n t l y   f o r  a cont inuous  length  of  320 metres; d i p s  range from  35 t o  
50 degrees   southwest .  The b r e c c i a  is u n u s u a l   i n   t h a t  it has  a bedded or 
shee ted   na tu re   where in   anFp l l a r   t h in   p l a t e s  to massive s l a b s   o f   a n d e s i t i c ,  
d i o r i t i c ,  and  pyroxeni t ic   rock s i t  i n  a ma t r ix   o f   rhodochros i t e ,   qua r t z ,  
and ch lor i te  w i t h   e r r a t i c   c l o t s  and ve in l e t s   o f   cha lcopyr i t e ,   py r i t e ,   and  
minor  amounts of magnet i te .   Chalcopyri te  i s  also d i s semina ted   i n   t he  
d io r i t i c   f r agmen t s .  

The Contact  zone  occurs a t  the   contac t   be tween  granodior i te   and   brecc ia  
and   conta ins   cha lcopyr i te   d i sseminated  i n  granodior i te .   Secondary 
minerals inc lude   ma lach i t e   and   azu r i t e .   The re  i s  also a d i s t i n c t i v e  
orange-red  amorphous  'stain'  which is  anomalous i n  copper. 

The writer acknowledges  the  hospi ta l i ty   of   Si lver   Standard Mines Limited 
and  Lornex  Mining Corporation  Ltd.  
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TOODOGGONE RIVER AFSA 

(94E) 

By T. G. Schroeter 

INTRODUCTION 

of   Smithers   (Fig.   38) .  Access to the  area was by a i r c ra f t ,   ma in ly  from 
The  Toodoggone River area is  s i tua ted   approximate ly  300 kilometres no r th  

Smithers.  

The writer s p e n t  two weeks i n  the area, mainly  north  of  the Toodoggone 
River.  work i n c l u d e d   f i l l - i n   g e o l o g i c a l  mapping using a 1:25 000 scale 
topographic  base,  as well a s  detai led  property  examinat ions  and  core  
i n s p e c t i o n .   P a r t i c u l a r   a t t e n t i o n  was p a i d   t o   s t r u c t u r a l  controls, 
a l t e r a t ion   zones ,  and mode and types of mine ra l i za t ion .  

In add i t ion ,  Andre Panteleyev  and  Larry Diakow conducted   de ta i led  s t ra t i -  
g r a p h i c   s t u d i e s   i n   t h e  area (see accompanying  reports ,   th is  vo:.ume). 
It is  hoped t h a t  a p re l imina ry  map of  the Toodoggone a r e a  w i l l  he 
a v a i l a b l e  i n  t he   sp r ing  of 1983 a t  a scale of 1 :50 000. 

WORK DONE 

The fol lowing diamond d r i l l i n g  was completed  in   the Toodoggone du r ing  
1982: 

( 1 )  Kidd Creek Mines Ltd. 
( a )  J D  1 445 metres (4 739 feet)  
(b) Porphyry  Pear l  498 metres ( 1  632 f e e t )  
( c )  A l  

3 610 metres ( 1 1  840 f e e t )  
1 667 metres ( 5  469 f e e t )  

Core from t h i s  program w a s  b r i e f l y  examined. 

( 2 )  SEREM Ltd.  Approximately 3 597 metres ( 1 1  800 f ee t )  of underground 
a n d   s u r f a c e   d r i l l i n g  on the  Amethyst  gold  breccia  zone  (Lawyers 
p r o p e r t y ) .  

Core from t h i s  program was n o t  examined. 

( 3 )  Idcana  Mining  Corporation.  Dril led 621 metres ( 2  0:38 f e e t )  o n  t he  
Metsantan  gold  breccia  zone. 

Core from t h i s  program was examined. 

( 4 )  Ih P o n t  of  Canada  Exploration  Limited.  Approximately  915 metres 
( 3  000 feet)  was d r i l l e d  on a 'new'  (upper)  quartz:  vein a t  Eaker 
mine .  Tbtal d r i l l i n g  i n  t h e  area was 8 743 metres ( 2 8  678 fee t . ) .  

Core from t h i s  program was not  examined. 
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FI  y r e  30. Toodoggone map-area. 
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TOOOOGMNE RlYEK AREA, MINERAL PROPERTIES 

No. Claim Naw 

I Aura 

2 hers 1-4 

3 Audrey 1-2 

4  Audrey East,  Audrey 

m s t  

5 Kern 1-9 

6 New K-rs 1-2 

1 Rat  

8 W m n q r a n t e d  c i a l m  

9 A t t y  

10 F l r e L t s e l  

11 F l r e l - 3  

12 RICh 

14 Fin 1-9 

I 3  h x  

15 &ace 1-4 

16 h l g o  

1 1  RN 

18 Pra. h l .  k a P U l C 0 ,  

19 Jock 1-5 

21 Jock 1-5 

2 0  G o s s m  1-2 

23 SI lver P e d  

22 %a* 

25 Wmda 
24 P i l i  

2 6  Nlb  Movnta ln  

2 1  Orange. k y s  1-4, 

Gotch 1-2 

k g  1-2, OJ 1-4 

28 To No. 2 

30 Golden Nelghbour 1-4, 

2 9  WP 200 

Canp, Caw Fr., Jol ly 

31 Sanders 

32 GWP 43 

mger, k t f u i  Dodger 

34  Chappel le 

3s pel 

3 1  New Lawyers 1-4, Law 
36  Warn-granted c l d l m  

1-3. U~eeze, Road I- 
111. mrry 1-2, wson 

1-2, GTW 1-3. p l u s  

f r a c t l o n r  

38 Cuke 1-2 

39 To No. I 

41 SIIver Pond, Sliver 

40 MU1 1-2 

Creek, Sliver Peak, 

Sl lver  G l z z i y  

4 2  Kodah 

43 Lars 1-4 

M)I 
YE o p e r a t o r  

------ SEREM Ltd. 

SEREM Ltd. 

2 2  

KIdd Creek Mlnes 

K l d d  Creek Mlnee 

""" 

""" 

""" 

21 

K i d d  Creek  Mloss 

25 

Ksnnco 

Comlnco Ltd. 

12.  13, 14 Domlnco Lid. 
""" 

2 

Ta iga  Cons. 

SEREM Ltd. 

Vu Pont   Eml .  """ 

""" 

57 Can1 n m  Ltd.  

16 W l O C O  

Taiga Cons. 

11. 48, 49  0. MacOlarrle 

58 Cominco Ltd. 

3. 4, 5 Y l n d e T r a M l n e r  

3, 4. 5 SEREM Ltd. 

8 Taiga Cons. 
8 L a c m a  M l n l n g  

8, 39 SEREM Lfd. 

50 l n t a r n a t l a n a l   S h a s t a  

45. 50 C. K a a l  I 

""" 

""" 

28,  29. 42 

6 3  

""" 

3 1  

1 

40 
""" 

26 
26 

27 
64 

""" 

52 

1 1  

1 1  

Ta iga  Cons. 

@ e a t  m r t m  mt. 
Du Pont E?@. 

0. McDonald 
0" Po"+ &$I. 

SEREM Lfd. 

SEREM Ltd. 

Du b n f  Eml. 
Du Pont E m l .  

G e a t  Western  Pet. 

NO. 

44 

45  

46 

4 1  

48 

49 

50 

51 

53 

52 

55 

54 

57 

58 

Claln Name 

Metsantan  1-9 

Ed0 1-4 

Met3 1-2 

Pot 1-3 

AI 1-8 
mr 
Scree 1-3. bo58  1-3, 

&I, JO, J0 JR, 

M c C l o l r  1-5, p l u s  

f r a c t l m I  

Air 1-2 

Poo, on, LO", O X l d e  

lbose 1-4 

Bile 1-2 

Brt, &ole, Wlnkle, 

B u l  I, Chute, 

Slrprise. carom, 

Oscar Fr., Wankle 

Fr., h t o i n e  LOUIS, 
Tour Sturdee. 019 

RJ Fr., JP Fr. 

Blrd ,  Kadah, Aodee, 

GWP 1-43. b v g k  

Bear 

Gordon iBvIe5. Gordon 

59 e a v e s  1-4 

6 0   l t s c h  

Davlss 2 

61 mrcuIes. l l t ~ a s  

6 3   W i c h  

62 Star, Ca, Sun 

6 4  Roo 1-6 

65 M m  1-2 

66 *np 1-2 

6 1  Golden Llon 1-2 

6 8  CBX 1-12 

69 Cia* 

70 %nos 1-4 

7 1  5u" I-2 

1 2  hodah  2 

13 Pipe 

14 %earn 
15 ksap 

11 Golden Llon 3 
16 Silver L l o n  

18 b y e z  1-4 

19 Golden Llon 4 

8 0  Castle M t n . ,  Castle 
Mtn. Fr. 

82 Leghorn 

81 Foghorn 

83 Axesons 

opera tor  

Du b n t  Erp I. 

L a c a n a u l n l n g  

vu mbnt E>~I .  

Talga Cons. 

KB""C0 

Kldd  Week Mines 

Kldd Week MlneS 

vu mnt EWI. 

~ a ~ g a  mns. 
s. Y""Q 

SEREM Ltd. 

K ldd  Week. Mlne5 

""" 

ti7 eeat WBsteTn mt. 

'4  SEREM Ltd.. 

SEREM Ltd. 

58 SEREM L t d  

SEREM Ltd.. - -. . -" 
13, 14 R. nong 

""" Nevnont  Elpl.  

".". Nenanf  Elp i .  

N e n a n t  E @ .  

""" 

46 U m x  

Ta I 98 Con 5 .  

""" 

"."_ 
Lacana MI l i n g  
N""+ E x p I .  

"."_ 
""" SEREM Lfd.. 

Kldd Reel< Mines 
""" KI dd Cree< MI ne3 

""" Q ~ ~ T  ~ a s - e r n  mt. 
""" 

""" 

t h m o n t   E m l .  

N e m n t  ExpI. 

"_." 
""" Wwmont  Expi. 

""" 

N e m n t  Erpl .  

rqnam1c 01 I CO. 

""" 

------ Kldd  Creek Mines 

Kldd Week Mlnes 
""" Kldd Creek M i n e s  
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GEOLOGY 

The r e g i o n a l   g e o l o g i c a l   s e t t i n g  i s  discussed  in   Geological   Fieldwork,  
1981  (Ministry of h e r q y ,  Mines and  Petroleum  Esources,   Paper 1'382-1, 
pp. 122 ,  123) .  

PROPERTIES 

JD ( M I  94E-32) 

S ix teen   d iamond-dr i l l   ho les  were d r i l l e d  by  Kidd Creek  Mines  Ltd. t o  test 
the  Schmitt   and  Carbonate  breccia  showings on t h e  J D  claim (see Fig.  39).  
A quartz-hemati te-sulphide  zone  varying  in   width  f rom approximately 1 t o  
4.6 metres was t raced   a long  a 600-metre s t r ike   l eng th   (105   deg rees ) .  
Dips were n o r t h   i n t o   t h e   h i l l  and  varied  from 23 degrees  a t  t h e  west end 

b u t  is c u t   o f f  t o  t h e  west by a series of nor thwes ter ly  and   no r theas t e r ly  
t o  50 degrees  a t  t h e  east  end. me mineralized  zone is open t o   t h e  east  

t r end ing   f au l t s   nea r   t he   Schmi t t  showing. A p e r s i s t e n t  gouge  zone was 
i n t e r s e c t e d  on t he   foo twa l l ,  and  minor q u a r t z   s t r i n g e r s  were l o c a t e d   i n  
the  hangingwall .  The mine ra l i zed   qua r t z   s t ruc tu re   cccu r s   w i th in  a 
sequence  of  massive,   green  to maroon hornblende-feldspar   porphyri t ic-  
andes i t ic   f lows   and   tu f fs   o f   the   modoggone   vo lcanic   se r ies .   Loca l ly ,  
t h e r e  are tuf faceous   agglomera tes   and   vo lcanic   b recc ias .   Al te ra t ion  
mine ra l s   i nc lude   hemat i t e ,   ch lo r i t e ,  and  manganese Dxide.  Gangue 
minera ls   inc lude   amethys t ine   to   whi te   quar tz ,  ca lc i te ,  and  minor  amounts 

ga lena ,  and sphal.erite.  Approximately  100 metres t o   t h e  sou theas t  
o f   b a r i t e .  Sulphide   minera ls   inc lude   pyr i te ,  cha lcopyr i t e ,  acan th i t e ,  

a n o t h e r   s t r o n g   q u a r t z   v e i n   s t r u c t u r e  was t raced  by hand. t renching.  It 
may b e   a n   o f f s e t  of t h e  JD 'vein. '   Native  gold was recovered from t h i s  
zone. 

PORPHYRY  PEARZ. ( M I  943-31 ) 

Two d r i l l   h o l e s  were completed by  Kidd Creek  Mines  Ltd.  near  the  junction 
of Moosehorn  and WClair   Creeks (see Fig. 38). Pyr i t e ,   ga l ena ,  
s p h a l e r i t e ,  and cha lcopyr i te   occur  as d i s semina t ions ,   f r ac tu re   f i l . l i ngs ,  

w h i c h   h a s   b e e n   a l t e r e d   i n  varying  degrees  to   K-feldspar   and ser ic i te .  
and i n  q u a r t z t c a r b o n a t e  +anhydr i t e   ve ins  wi th in  a hypabyssal  monzonite 

GOLDEN FURLONG 

Two holes  were d r i l l e d  by Kidd Creek Mines  Ltd. t o  test a f a u l t -  
c o n t r o l l e d  zone  of i n t e n s e l y   s i l i c i f i e d  a n d   k a o l i n i z e d   a n d e s i t i c   t u f f s .  

F ine ly   banded   pyr i te   wi th  traces of cha lcopyr i t e  were found i n  quartz-  
The zone   conta ins   na t ive   go ld  i n  a s soc ia t ion   w i th   hema t i t e  (see Fig.  38).  

r ich  zones  which  reach 35 metres in   apparent   th ickness .   Drusy ,  open 
cav i t i e s   l i ned   w i th   qua r t z   and /o r   hema t i t e  were common. 
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SYMBOLS 

IIAMOND-DRILLHOLE. 
INCLINED . . . . . . . . . . .  .W 

lRENCH . . . . . . . . . . . . . . .  - 
4TTITUDE . . . . . . . . . . . . .  .25 
:AULT.  ASSUMED . . .  .- 

GALENA 

*BARITE 
MALACHITE 

ANDESITIC TUFFS 

200 - 
LFTER COMPANY PLANS) 

I C * L ~ ~ M ~ I I ~ ~  

Flgure 40. Settlng of t h e  Alberts Hump area. 

RIDGE 

h i g h l y   a l t e r e d   s t r u c t u r a l  zone  located  approximately 4 ki lomet res  east 
Two diamond-dri l l   holes  were completed by Kidd Creek Mines Ltd. to test  a 

A n d e s i t i c   t u f f s  have  been a l t e r e d  to q u a r t z ,   c h l o r i t e ,  and hematite.  
a long  an  open grassy  r idge  f rom  Alberts  Fiump (see Figs .  38 and 40) .  

Bari te  i s  a common gangue  mineral .   Sulphides  encountered  included  pyrite 
and  galena. 

BONANZA 

S i x  diamond-dri l l   holes  were completed by Kidd Creek Mines Ltd. to test  
t h e  BOnanza zone  and i t s  r e l a t i o n s h i p  to the  Ridge  zone,  which  adjoins to 
t h e   s o u t h e a s t  (see Figs .  38 and 4 0 ) .  Andesi t ic   ash  tuffs   have  been 
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a l t e r e d   t o   q u a r t z ,   c h l o r i t e ,  and hemat i t e .   Ma lach i t e ,   a zu r i t e ,   py r i t e ,  
cha lcoc i t e ,   cha lcopyr i t e ,  and s p h a l e r i t e   o c c u r   w i t h i n   s i l i c i f i e d   z o n e s .  
Locally i t  a p p e a r s   t h a t   t h e   p y r i t e  was in t roduced   as  a f ine-grained 
' f r o n t ' ,  and l i t h i c   f r a g m e n t s  have  been  replaced by pyr i t . e .   Chlor i t iza-  
t i o n  of  fragments i s  common. 

ALBERTS HUMP 

zone of q u a r t z  * a l u n i t e  +_ k a o l i n i t e  a l t e r a t i o n  i n  a n d e s i t i c  t o  d , a c i t i c  
Two d r i l l  ho les  were  corrpleted by Kidd Creek Mines Ltd. t o  test a l a r g e  

ho rnb lende - fe ldspa r   c rys t a l  and l i t h i c   t u f f s  (see Fig.  381,  Altered  zones 
c o n t a i n  many wggy  sec t ions .  A hypabyssa l   in t rus ion  was encountered a t  
depth.   Pyri te  was the main sulphide  mineral   encountered. 

METSANTAN ( M I  943-64)  (Geological  Fieldwork,  1981,  Paper '1982-1, 
pp.  131,  132) 

The Metsantan  prospect i s  loca ted  on the   sou theas t  flaric of  'Metsantan 
Mountain. ' Illring  1982  Lacana  Mining  Corporation  colrpleted  five  diamond- 

quartz  stockwork  zone w i t h  minor  amounts of ga l ena ,   spha le r i t e ,   cha lco -  
d r i l l   h o l e s  on the  Metsantan  gold  breccia  zone (see Fig. 4 1 ) .  A weak 

p y r i t e ,  and p y r i t e  m t s  c r y s t a l   t o   l i t h i c   t u f f  which is loca l ly   per -  
v a s i v e l y   e p i d o t i z e d ,   e s p e c i a l l y   f e l d s p a r   c r y s t a l s  and 1i . thic   f ragments .  

GOLDEN LION 

The  Golden  Lion p rospec t s   a r e   l oca t ed  s c u t h  of C l a w  mun ta in ,   nea r   t he  
headwaters  of Dedeeya  Creek  and north  of  Abesti  Creek (see Fig.   38).  

e x p l o r a t i o n  on t h i s   l a r g e   g r o u p  of  claims. On Golden Lion 1 claim, a 
During  1982 Newmont Exploration  of Canada Limited  conducted  surface 

g a l e n a ,   s p h a l e r i t e ,   p y r i t e ,  and cha lcopyr i te   occur  i n  a gangue  of  quartz- 
zone  trending  155  degrees  has  been  traced 2.5 kilometrtzs.  Malachite, 

width  of 1 0  metres. The h o s t  rocks a r e  'Toodoggone' a i r f a l l   h o r n b l e n d e -  
hemat i te -bar i te .  The zone  has  been  traced i n  t a l u s  and apparently  has a 

feldspar c r y s t a l  to l i t h i c  tuffs. 

On the  Golden Lion 3 claim, a 600-metre by 75 -me t re   a l t e r a t ion  zone 

v a r i o u s   c l a y s   ( a l u n i t e  ?). Br igh t   g reen   f l uo r i t e   moccur s ,   bu t  no 
t rends  340 degrees .   Al terat ion  minerals   include  quartz ,   hemati te ,   and 

sulphides  were observed. 

LAWYERS ( M I  94E-66) (Geological  f ieldwork,  1981,  Paper 1982-1,  p.  130) 

Underground  and f i l l - i n   s u r f a c e  diamond d r i l l i n g  by SEREll Ltd.  continued 
t o   d e f i n e  and  develop  ore  zones on the  Lawyers  Amethyst  gold  breccia  zone 
(see Fig.   38).  In addi t ion ,   the  C l i f f  Creek  breccia  zone was e q l o r e d  
by  extensive  surface  t renching  a long a northwester ly   length of approxi- 
mately 1 000 metres .   Local ly ,   spectacular   zones with amethyst were 
encountered. 
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Figure 41. Se t t lng  of t h e   b t s a n t a n   p r o p e r t y .  
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BAKER MINE ( M I  943-26) (Geological  Fieldwork, 1981, Paper 1982-1, 
pp. 129-132) 

Mining  continued a t  a rate of  90  tonnes  per  day on t h e  A vein.  A l i m i t e d  
diamond-dril l   program  conprising  approximately  915 metres was undertaken 
to test a newly d i scove red   qua r t z   ve in   j u s t  n o r t h  of A ve.in. 

MOOSEHORN (Geological Fieldwork,  1981,  Paper 1982-1, p. 132) 

h l r i n g  1982 Great Western  Petroleum  Corporation  conducted a d e t a i l e d   c h i p  
sampling  program on t h e i r  Moosehorn p r o s p e c t  (see Fig. 3 8 ) .  

MOUNT GRAVES (Geological  Fieldwork,  1981,  Paper 1982-1, p. 132) 

h l r i n g  1982 Great Western  Petroleum  Corporation  conducted a d e t a i l e d   c h i p  
sampling  program  on  their  Mount Graves  prospect  (see Fig. 38) .  

A” 

The writer acknowledges the h o s p i t a l i t y  and logis t ical  s u p p o r t   o f f e r e d   i n  
t h e   f i e l d  by the  fol lowing  conpanies:  Kidd  Creek  Mines  Ltd., Bema 
Indus t r i e s   L td . ,  Eu Pont  of Canada Exploration  Limited,  SEREM Ltd., 
C e n t r a l  Mountain  Air  Services  Ltd. ,   Airl if t   Corporation,  Iacana  Mining 
Corporat ion,  Newmont Explorat ion of Canada L i m i t e d . ,  and Kelowna 
F l i g h t c r a f t   L t d .  

Schroeter ,  T. G. (1982): Toodoggone River  (94E),  B.C. Ministry of 
Energy, Mines & Pet. Res. ,  Geological  Fieldwork,  1981,  Paper 
1982-1,  pp. 122-133. 
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A COIQARISON OF VOLCANIC  STRATIGRAPHY,  STRUCTURE, AND EYDROTHERWAL 
A L m T I O N  OF T€E SILVER POND (CILILKl CREEK) AND URICH-AWESOME CLAIM 

GROWS, -DOGGONE RIVER 

(94E) 

B y  L. J. D i a k o w  

INTRODUCTION 

The  'Toodoggone Volcanics'  comprise a n o r t h w e s t - t r e n d i n g   b e l t   a t   l e a s t  90 
kilometres  long  and  15  kilometres  wide,  located 300 k i lomet res   nor th  of 

a lka l ine   su i t e   p robab ly   depos i t ed   i n   an   i s l and-a rc   env i ronmen t .  The 
Smithers.  They a r e  an  Early  Jurassic ,   predominant ly   subaerial ,   calc-  

r e g i o n a l   s t r a t i g r a p h i c   s e c t i o n   i n c l u d e s  a base of andes i t i c   f l ows  which 

andesi t ic   to   daci t ic   composi t ion  (Panteleyev,   1983,   this   volume).   Si lver  
i n t e r f i n g e r   w i t h  and a re   ove r l a in  by flows and py roc la s t i c   rocks  of 

and   go ld ,   p r inc ipa l ly   a s   a rgen t i t e  and electrum  (Schroeter ,   1981) ,   occur  

o t h e r  hand,   pervasive  s i l iceous  zones which a r e   s t r a t i f o r m  and s t r a t a -  
i n  d i sco rdan t   qua r t z   ve ins  and grossly  stratabound  stockworks.  On the  

bound appear  to  contain  only  minor  amounts of precious  metal   mineral iza-  
t i on   a l though   e r r a t i c   h igh   va lues  are common. The vein  and  stockwork 
occurrences  have  sharp  boundaries  and  narrow a l t e r a t i o n   h a l o s ;  con- 
co rdan t   s i l i ceous   zones  are d i f f u s e  with ex tens ive   wa l l rock   a l t e r a t ion  
cha rac t e r i zed  by c l ay  minera ls ,  a l u n i t e ,  and b a r i t e .  

F i g u r e  4 2  Locatlon map f o r   t h e  S i  l v e r  Pond (Cloud Creek) and  Wrich-Awesom 
occurrences. 
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morphology  and  wallrock a l t e r a t i o n  of these  two types of s i l i c a  
mis  research  addresses   the  problem of d i s t r i b u t i o n  and v a r i a b i l i t y   i n  

occurrences by analys inq  two occurrences.  The  wrich-Awesome,  which 

p e r v a s i v e   s i l i c e o u s  zone (F ig .  4 2 ) .  Each area  was mapped a t  '1:5000. 
r e p r e s e n t s   t h e  v e i n  and stockwork  type,  and  Silver Pond (Cloud  Creek), a 

Approximately  150  hand  specimens of a l t e r e d  rock  and 58 chip  samples of 
s i l i c e o u s   r o c k  were c o l l e c t e d .  lhe s i l i ceous   s amples   a r e   cu r ren t ly   be ing  
ana lysed   fo r  16  e lements   including  gold  and  s i lver ;   a l terat ion assemb- 
l ages   a r e   be ing   de f ined  by x-ray  analysis .  

T h i s   r e s e a r c h   c o n s t i t u t e s   p a r t  of a g r a d u a t e   t h e s i s   c u r r e n t l y   i n   p r o g r e s s  
a t  the  Universi ty  of Western  Oltario;  it is supported i n  p a r t  by the 
M i n i s t r y  of Energy,  Mines  and  Petroleum  Resources. 

F I W r e  43. Al terat lon  minera l   zoning i n  t h e  SI l v e r  Pond (Cloud  Creek) 
area. 
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SILVER POND (CLOUD CRlmK) AREA 

LOCATION AND GENERAL GEOLOGY 

The S i l v e r  Pond (cloud  Creek)   occurrence  (Si lver  Pond, S i l v e r  Sun, s i l v e r  
Creek  claims) i s  approximately 2 k i lomet res  west of the  Lawyers prospect .  

p h y r i t i c   a n d e s i t e   w i t h   s u b o r d i n a t e   i n t e r b e d s  of l i t h i c   l a p i l l i   t u f f  and 
It is a 5-kilometre-square  area of low r e l i e f   t h a t  i s  under la in  by por- 

agglomerate.   Atti tudes  measured from t u f f a c e o u s   b e d s   s t r i k e   c o n s i s t e n t l y  
n o r t h e a s t   w i t h   d i p s  of less than 20 degrees   to   the  northwest .   Exposures  
of  agglomerate  occur i n  only  one f a u l t   b l o c k   t h a t  is on the   south- fac ing  
slopes immediately  north of Cloud creek.  

The a r e a  is segmented by a network of f a u l t s  which  acted  as  channelways 

are l o c a l l y   a l t e r e d ;   p e r h a p s   t h e y   o c c u p y   e a r l y   f a u l t s  which  were r eac t iv -  
fo r   hydro the rma l   f l u ids .  Dykes of syen i t e   o f f se t   t he   l aye red   rocks  and 

a t ed   l a t e r   t o   p rov ide   access   t o   hydro the rma l   f l u ids .  A f r e s h   s y e n i t e  
dyke  dismembered  by a s e r i e s  of e n  echelon f a u l t s   i n d i c a t e s   t h a t  more 
more than one phase of f a u l t i n g   a f f e c t e d   t h e  area. 

ALTERATION 

The S i l v e r  Pond (Cloud  Creek)   a l terat ion  zone is c i r c u l a r  i n  o u t l i n e   w i t h  
a diameter of 2 kilometres .  A number of i s o l a t e d   ' p a t c h e s '  of inter- 
m e d i a t e - a d v a n c e d   a r y i l l i c   a l t e r a t i o n  and s i l i c i f i c a t i o n  occupy  the 
c e n t r a l  z o n e .   A l t e r a t i o n   g r a d e s   l a t e r a l l y   i n t o   a n   o u t e r   p r o p y l i t i c   z o n e  
(Fig.  4 3 ) .  

INTERMEDIATE-ADVANCED ARGILLIC ZONE 

replace primary minerals i n  p o r p h y r i t i c   a n d e s i t e s .  
I n  t h i s  zone   s econda ry   qua r t z ,   c l ay   mine ra l s ,   s e r i c i t e ,   and   a lun i t e  

c r y s t a l l i n e   q u a r t z  i s  most  abundant  there are low-lying mounds of 
Where micro- 

undetermined   th ickness   tha t  are up t o  150 metres by 50 me t re s   i n   s i ze .  

a lmost   comple te ly   ob l i te ra ted ;   on ly   ou t l ines  of r e l i c t   f e l d s p a r  pheno- 
In   these  mounds t h e   o r i g i n a l   p o r p h y r i t i c   t e x t u r e  of t h e   a n d e s i t e  is 

d isseminated   gra ins  i n  qua r t z .   Ba r i t e  commonly occurs   wi th   quar tz  as 
c r y s t s  and b i o t i t e   c r y s t a l s   r e m a i n .  Pyrite is ra re ,   occu r r ing   a s   f i ne ,  

c r y s t a l   a g g r e g a t e s   l i n i n g   c a v i t i e s   o r   a s  irregular g reasy   wh i t e   c lo t s  up  
to 3 cent imet res   across .  

A r eces s ive  zone p a r t i a l l y   t o   c o m p l e t e l y   e n c l o s e q   a l l   s i l i c e o u s   o c c u r -  
rences .   Typica l ly   these   rocks   a re   whi te  w i t h  yellow-orange  surface 
ox ida t ion ,   d i sp l ay  a remnant po rphyr i t i c   t ex tu re ,   and  are composed almost  
e n t i r e l y  of c lay   minera ls .   Dicki te ,   kaol in i te ,   montmor i l lon i te ,   and  
i l l i t e  a r e   t h e   p r i m a r y   c o n s t i t u e n t s ;   a l u n i t e  and s e r i c i t e   a r e   s u b o r d i n -  
a t e .  The s t r a t i f o r m   n a t u r e  of ' w h i t e '  rocks  with  co-spat ia l   pervasive 
s i l i c a   o c c u r r e n c e s   s u g g e s t s   t h a t  a t empora l   r e l a t ionsh ip  exists.  lhis 
r e l a t i o n s h i p   m i g h t  be  due i n   p a r t   t o   p r i m a r y  bed p o r o s i t y   i n   u n d e r l y i n g  
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t h e   p o r p h y r i t i c   a n d e s i t e .  Red s t a i n i n g  is  imparted by hemati te  and 
t u f f s   t h a t   e n a b l e d   f l u i d  movement a long  the  base  and  through  f ractures  i n  

g o e t h i t e ;  commonly b r i l l i a n t   h u e s  of i r r i d e s c e n t   g r e e n  and  blue  occur on 
f r a c t u r e   s u r f a c e s .  

A younger  phase of s i l i c a  emplacement  formed  discontinuous  veins up t o  2 
cen t ime t re s  wide t h a t   c o n s i s t  of terminated  quartz  crystals and l e s s e r  
chalcedonic   quartz .  They cut  both  white  rocks and syeni t" .  

PROPYLITIC ZONE 

Th i s   ch lo r i t e - ca rbona te -ep ido te   a l t e r a t ion  zone i s  widespread  and  extends 
beyond the  boundary of t he  mapped a r e a   a t   S i l v e r  Fund. In   the   t rans i -  

phenocrysts  show s igns  of cor ros ion  and a l t e r a t i o n   t o   w h i t e   c h y  and 
t i o n a l   a r e a  be tween   t he   a rg i l l i c  and p ropy l i t i c   zones   p l ag ioc la se  

d i s semina ted   py r i t e  and   magnet i te   a re   ub iqui tous   wi th in   th i s   t rans i t iona l  
c a l c i t e ,  and amphibole is commonly replaced by chlor i te , .   Fine-grained,  

a r ea ,   bu t   each   r a re ly   cons t i t u t e s  more than 3 per cent of the  rock, 

Oxida t ion   of   pyr i te   and   magnet i te   occurs   th roughout   the   a l te ra t ion   sys tem 
but   does   no t   appear   to   pene t ra te   deeply   in to   the   rocks .   Fur ther ,  i n  
a r e a s  of p r o p y l i t i c   c h l o r i t e - c a r b o n a t e - e p i d o t e   a l t e r a t i o n ,   i n t e n s i v e  
'bleaching'   and  replacement of the  rock by c lay   minera ls  i s  absent,,   These 
obse rva t ions   sugges t   t ha t   t he   b road   pa t t e rns   o f   a l t e r a t ion   obse rved  i n  
t he   S i lve r  Pond area  are  hypogene. 

LOCATION AND GENERAL GEOLOGY 

The Wrich-Awesome a rea  i s  25 k i lomet res   southeas t  of Baker minesite 
between  Attycelley  meek  and F i n l a y  River  (Fig. 42) .  Panteleyev  (1982) 
presented  a compilation  of the regional  geology  south (of Finlay  River. 
The geology  and  dis t r ibut ion  of  known quartz  stockwork and vein 

andes i te   f lows   wi th  intervening  beds of c r y s t a l  l i t h i c  t u f f  unde r l i e   t he  
occurrences  within the   s tudy   a rea  are shown on Figure 44. Porphyr i t i c  

ma jo r i ty  of  the mapped a rea .  These rocks  correspond  with  pante.teyev's 
map u n i t  5b and  grade upward i n t o   q u a r t z o s e   t u f f s   t h a t   a r e   s i m i l a r   t o   t h e  
ove r ly ing   g rey   dac i t i c   a sh   f l ow  tu f f  ( u n i t  6, Panteleyev,  1982).   Takla 
Group  pyroxene  basalt,   limestone, and cher t   c rop   ou t   a long   the   wes te rn  
margin  of t h e  map-area. A f a u l t   r e l a t i o n s h i p  between m k l a  and  'modog- 
gone  volcanic  rocks i s  indica ted .   mkla   cher t   beds   ou t l i .ne   chevron-s ty le  

northeast   as   opposed  to   shal low  westward  dips  i n  the  nearby 'Ibodoggone 
fo lds   wi th   ampl i tudes   up   to  7 metres and  most m k l a   m c k s   d i p   : s t e e p l y  

no r th  of  Attycelley  meek.  Coarse-grained  quartz  monz(mite is ,exposed 
rocks.   Takla  rocks  are  also  exposed i n  a fault-bounded wedge d i r e c t l y  

where t h e  overlying  modoggone  rocks have been  removed hy e r o s i o n   i n   t h e  
no r the rn   pa r t  of the  area.  
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Figure 44. rSology and distribution of s i l i c a  occurrences i n  t h e  
Wr i ch-Awesons area. 
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ALTERATION 

A tabular ,   d i scont inuous   zone   charac te r ized  by s i l i c i f i c a t i o n  and c l a y  
minera ls  is a l i g n e d   s u b p a r a l l e l   t o  a major   northwest- t rending  faul t   zone 
(F ig .  44) .   p lar tz   s tockwork  and  vein  occurrences  designa. ted by numbers 1 
and 2 on Figure 44, form  nar row  subver t ica l   zones   conta in ing   ind iv idua l  
v e i n s   t h a t  are up t o  4 cen t ime t re s  wide in   b recc i a t ed   t r achyandes i t e .  
Quar t z   i n   t he   ve ins   occu r s   ma in ly  as clear t e rmina ted   c rys t a l s ;   t he re  are 

or t i n t e d  to shades of red  and green by hemat i t e   and   ch lo r i t e ,  forms 
lesser amounts  of  amethystine  quartz,  Chalcedonic s i l i ca ,  which is  white  

banded  veins that  c r o s s c u t   t h e   o l d e r ,  clear quar tz   ve ins .  Calcite 
commonly f i l l s   v o i d s   w i t h i n   t h e  clear c r y s t a l l i n e   v e i n s .  

metres wide, is o u t l i n e d  by pa le ,   c l ay -a l t e r ed   po rphyr i t i c   rocks  and 
A tabular  zone on the  Wrich claims (3  on  Fig.  44),  approximately 100 

c o n f i n e d   t o  a fault-bounded area. The pale co lour  of these  rocks 
r e f l e c t s   r e p l a c e m e n t  of  phenocrysts  and  matrix material i n  the h o s t  

showed t h a t   t h e   w h i t e   r o c k s   c o n t a i n   k a o l i n i t e  and m n o r  amounts of 
a n d e s i t e  by a mixture   of   white   quartz   and  c lay  minerals .  X-ray a n a l y s i s  

pyrophyl l i te   (Panteleyev,   1982) .   Widespread  hemati te   and  l imonite   impart  
a rus ty   co lou r  to outcrop   sur faces .  

The quartz-kaol ini te   assemblage  grades  outward  into a l a r g e r  zone 
c h a r a c t e r i z e d  by c h l o r i t e - c a l c i t e - e p i d o t e - p y r i t e   a l t e r a t i o n .  This 
p ropy l i t i c   a s semblage   cha rac t e r i zes   t he   en t i r e   t r achyandes i t e   un i t  and 
a l s o   o c c u r s   i n  the g rey   dac i t e .   I n   t he  area mapped, .zhe i n t e n s i t y  of 
a l t e r a t i o n  decreases away from f a u l t   z o n e s   s u g g e s t i n g   t h a t  i t  is f r a c t u r e  
c o n t r o l l e d .   P y r i t e   o c c u r s  as f i n e - g r a i n e d   d i s s e m i n a t i o n s   i n   t h e   a l t e r e d  
rocks;  it averages 1 t o  2 per cent   genera l ly   bu t   exceeds  5 per c e n t  
within  one-half   kilometre of i n t r u s i v e   r o c k s   t h a t   l i e  to the   nor th .  
Fine-grained  disseminated magnetite is a l s o   p r e s e n t   i n   t r a c h y a n d e s i t e  and 
dacite.   'Reddening'   of  feldspar  phenocrysts is a phenomenon t h a t  becomes 
more  pronounced  adjacent to vein  and  stockwork  occurrences  in the area. 

be a l t e r a t i o n  to K-feldspar. 
I t  might be caused by a l b i t i z a t i o n  and ox ida t ion  of magnet i te  or it might 

MINERALIZATION 

The  on ly   minera l iza t ion   observed   in  the Wrich-Awesome area   occurs   wi th in  

occur rence   cons i s t s  of b lebs   o f   ga lena   in  a gangue of q u a r t z ,   c h l o r i t e ,  
a narrow shear  zone i n  g rey   dac i t e  a t  l oca t ion  4 on Figure 44. The 

because i t  represents   one  of only two known minera l izem3  occurrences   in  
epidote ,   and  pyri te .   Al though  this   occurrence is small, i t  is impor tan t  

the   g rey   dac i te  map u n i t .  

SUnnARY 

Hydrothermal  f luids apparent ly   t ravel led  a long  f ractured  zones  and 
a l t e r e d   s u r r o u n d i n g  volcanic   rocks  t o  produce two d j . s t i nc t   t ypes  of 
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quar tz   s tockwork   ve ins   a re   re la ted   to  a northwest- t rending  faul t   zone 
s i l i c a   o c c u r r e n c e s  i n  the Toodoggone b e l t .   I n   t h e  Wrich-Awesome area ,  

t ha t   appea r s   t o   be   an   impor t an t   con t ro l   fo r   s i l i ca -kao l in i t e -py rophy l l i t e  
and, to a lesser ex ten t ,   ch lo r i t e - ca rbona te -ep ido te -pyr i t e   a l t e r a t ion .  

d i c k i t e - a l u n i t e   a l t e r a t i o n   a p p e a r   t o  be l o c a l i z e d   a t   t h e   b a s e   o f  a 
I n  S i l v e r  Pond (Cloud  Creek)   a rea   zones   o f   s i l i c i f ica t ion   and   kaol in i te -  

r e l a t ive ly   f l a t - ly ing   po rphyr i t i c   andes i t e   un i t .   Pe rhaps   p r imary  bed 
po ros i ty   gove rned   t he   shape   and   d i s t r ibu t ion   o f   a l t e r a t ion  i n  t h i s   a r e a .  

Chip  samples  from 58 s i t e s   a t   S i l v e r  Pond  (Cloud  Creek)  reveal  consis- 
t e n t l y  low gold  values.  Only 11  samples   had  detectable   gold  (greater  
than 20 ppb);   four  were i n   t h e  48 t o  55 ppb range,  and  one was 164  ppb. 

con ta in ing   t he   su lpha te   mine ra l s   a lun i t e  and ba r i t e .   O the r  metals show 
The r e s u l t s   a r e   c o n s i s t e n t   w i t h  an  acid- leached  c lay-s i l ica   capping 

which  occurs   consis tent ly  i n  t he  600 t o  800 ppn range  and  barium  from 
l i t t l e  concent ra t ion  i n  t h e   a l t e r e d  zone  with  the  exception  of  manganese 

0.15 to 0.4 per   cen t .  These values are c o n s i s t e n t   w i t h   r e s u l t s   f o r  a 
w ide   va r i e ty  of elements  reported by Schroeter  (Geological  Fieldwork, 
1981,  Paper  1982-1, pp. 126-128). 

I n  the Wrich-Awesome area ,   four   g rab   samples   f rom  s i l i c i f ied   zones  shown 
on Figure 44 g ive   the   fo l lowing   resu l t s :  

Au Ag 
w b  ppm 

S l t e  1 (Awesome) 24 I .25 
' S i t e  1 (Awesom) <20 c0.4 
S i te  2 66 60.8 
S i t e  3 <20 6.76 
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F i g r e  45. Geology between Toodogpne and S t u r d e e  Rivers.  
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GEOLOGY B- TOODOGGONE AND STURDEE RIVERS 
(94E) 

By A. Panteleyev 

INTRODUCTION 

Regional mapping i n  'Toodoggone  Volcanics' t h a t  was i n i t i a t e d   s o u t h  of 
F in lay   River  i n  1981 was expanded i n  1982 t o   c o v e r   t h e  central por t ion   o f  

River  on the  south.   During 1982, 270 square  ki lometren was mapped as 
t h e   v o l c a n i c   b e l t  between  Toodoggone River on the  north  end  and  Sturdee 

shown  on Figure 45. The area is  be ing   ac t ive ly   exp lo red   fo r   go ld - s i lve r  
d e p o s i t s  (see r e p o r t  by T. Schroe ter ,  this volume). 

F i e l d  mapping d a t a  was en tered  on Federa l  1 i n c h   t o  1/2 mile ( 1  : 3 1  680) 
a i r  photographs. The de ta i l ed   i n fo rma t ion  was subsequent ly   t ransfer red  
t o  1:25 000 base  maps prepared  under contract and  available  from B u r n e t t  
Resource  Surveys  Ltd.   Final  compilation was done  on  Federal 1:50 000 
pre l iminary  map s h e e t s   f o r  NTS 94E/2,  3, 6, and 7. L. J. Diakow examined 
areas e x h i b i t i n g   h y d r o t h e r m a l   a l t e r a t i o n ,   n o t a b l y   s i l i c i f i c a t i o n  and 
c lay-a luni te   deve lopment ,   as   an   ad junc t   to   these   reg iona l   s tud ies . ,  Two 
o f   t h e  more economica l ly   in te res t ing   zones  were s tud ied  j.n d e t a i l  -- t h e  
S i l v e r  Pond  (Cloud  Creek)  zone shown on Figure 45,  and the  Wrich-Awesome 
a rea ,   sou th  of  Finlay  River.  Diakow discusses   bo th   zones   in  a s e p a r a t e  
report i n   t h i s  volume. 

e a r l y  1983  and r e l e a s e d  as a pre l iminary  map a t  scale 1:50 000. 
A l l  mapping by Schroe ter ,  Diakow,  and this writer w i l l  be  compiled i n  

GEOLOGY 

S i x  major s t r a t i g r a p h i c   s u b d i v i s i o n s  were e s t a b l i s h e d  as s h a m  on 
Figures  45  and 46. The most  widespread  and  continuous  rock  type  in  the 
Toodoggone v o l c a n i c   b e l t  i s  map u n i t  6, ' g r e y   d a c i t e . '  The  rock is 
d i s t i n c t i v e  i n  outcrop  and  hand  specimen. 'me base  of thxs u n i t  p rovides  
t h e  most u s e f u l   s t r a t i g r a p h i c  datum p l a n e   i n   t h e  map-area. The grey 
d a c i t e  is a l s o   t h e   o n l y   c l e a r l y   i d e n t i f i a b l e   r o c k   t y p e   t h a t   p r o v i d e s  
cont inui ty   between  the 1982  map-area  and the  area sou th  of  Finlay  River 
mapped i n  1981 (see Panteleyev,   1982) .   Al though  other  Toodoggone 
r o c k s   t h a t   u n d e r l i e   g r e y   d a c i t e  (map u n i t s  1 t o   5 )  are l i t h o l o g i c a l l y  
similar north  and  south  of  Finlay  River,   the map un i t s   desc r ibed  i n  t h i s  
report are n o t   s t r a t i g r a p h i c   e q u i v a l e n t s  of t h o s e   d e s c r i b e d   i n  1981. 
The s t r a t i g r a p h i c  section between  Toodoggone  and Sturdee   Rivers   inc ludes  
the  following  map-units as shown on Figure 45: 

Uni t  1 

g r a d e d ,   f e l d s p a t h i c   c r y s t a l - l i t h i c   a s h  to d u s t   t u f f s  or reworked 
Tuff  and  tuffaceous  sandstone  ' red  beds.  ' A wel l - layered sequence of 

(epiclast ic)  t u f f s .  Some coarse  boulder  conglomerate lenses. 
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SAUNDERS-WEST  JOCK  CREEK 
FAULT  SYSTEM 

F l y r e  46. D l a g r a m t i c   s t r a t l g r a p h l c  column, Toodoggone- 
Sturdee  River   area .  

1 44 



U n i t   l a  

Creek  and  overlain by tuffaceous  red  beds ( u n i t  1 )  . The flows c o n s i s t  of 
Volcanic  flow unit of  undetermined  extent,   exposed  only  in Moc,sehorn 

metres i n   l e n g t h   i n   a n   a p h a n i t i c ,   d a r k   g r e e n   m a t r i x   t h a t   c o n t a i n s   c h l o r -  
u p  to 15 per cen t  p ink   a lb i t i zed   p l ag ioc la se   phenoc rys t s  3 to 6 milli- 

i t i z e d   b i o t i t e  and abundant  very  f ine-grained  magnetite.  

Unit  2 

Andesite  f lows -- medium-grained  hornblende  feldspar  porphyry.  Grey- 
green  to p u r p l i s h  brown  when f resh ,   pervas ive ly   ox id ized   to  salmcn pink 
or orange i n  weathered  and  hydrothermally  altered  outcrops.   Sparse 
r e d d i s h  brown apati te ( ? )  g r a i n s  to 1 millimetre i n  s i z e  are d i s t i n c t i v e  
a n d   c h a r a c t e r i s t i c   o f   t h i s   r o c k   t y p e .   E p i d o t e   a l t e r a t i o n   w i t h  minor 
amounts   of   associated  pyri te  is common. This is an  ex.tensive map u n i t  
de r ived  from a homogeneous magma source.  I t  consis ts   mainly of rxassive 
flows,  al though some d i sp lay   t r achy to id   c rys t a l   a l i gnmen t .  Less common 
i s  flow breccia and  there are minor  amounts  of  pyroc1a:;tic breccia and 
t u f f .  

Un i t  3 

c la s t i c  rocks -- predominantly  hornblende  feldspar  porphyry  flows and 
Andesi te   f lows  and  tuffs  -- a heterogeneous  assemblage  of  flow and pyro- 

l i t h i c   a s h   t u f f s .  In the   sou theas t   co rne r  of t he  map-area g r e y ,   f i n e   t o  
medium-grained  crowded  porphyry  flows  are common. In t e r spe r sed  i n  a t  
l ea s t  t h r e e   l e v e l s  i n  the   success ion  are qua r t zose   l i t h i c -c rys t a l .   t u fEs  
t h a t  are be l ieved  to be l a t e r a l   e q u i v a l e n t s   t o  map unit .  4. Map u n i t  3 
appears to be a temporal   equivalent  of map u n i t  2 and  probably  inter-  
f i n g e r s  w i t h  it. 

u n i t  4 

Quartzose andes i t e  p y r o c l a s t i c  rocks -- an extremely  heterogeneous u n i t  
i n  terms of  colour,  c l a s t  s i z e ,  and o r ig in .  Clasts  range i n  s i z e  from 

p u r e   c r y s t a l  t u f f  t o   s o l e l y  l i t h i c  mater ia l .  I n  de t a i l ,   l ava   f l ows ,  
d u s t   t o   c o a r s e   b l o c k s  i n  breccia   and  composi t ions  cover  the spectrum  from 

breccia,   agglomerate,   thick  crudely  layered  ash and  b'locky ash  f lows, 
occas iona l   wel l -bedded   ash   fa l l   depos i t s ,  and some reworked (epiclast ic)  
u n i t s  make up t h i s  map u n i t .  

U n i t  5 

Andesi te   and  t rachyandesi te   f lows -- a th in ,   d i s sec t ed   un i t   t ha t   caps  

p y r o c l a s t i c   a c t i v i t y  and the   onse t  of  lava  eruptions, ,   Flows oE t he  
py roc la s t i c   rocks  of map u n i t  4. I t  s i g n a l s   t h e  end  of  ex]?losive 

bimodal s u i t e  -- a n d e s i t e  and  t rachyandesi te  -- a r e  i n  t e r layered   a long  
wi th  minor t u f f s .  me volume, r eg iona l   ex t en t ,  and s ign i f i cance   o f  the 
a lka l ine   rocks  is n o t   c u r r e n t l y  known. 
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Units 5a.  5b, and 5c 

Creek f au l t   sys t em.  The sequence contains   wel l - layered a s h   t u f f s  ( u n i t  
A basa l t ic   sequence  found o n l y   e a s t  of   the  major   Sunders  Creek-West Jock 

5a) .   coarse-gra ined   hornblende   p lag ioc lase   porphyry   f lows   (un i t   5b) ,   and  
mixed a s h   t o   c o a r s e   l a p i l l i   t u f f  beds ( u n i t   5 c ) .  The rocks   a r e   s t rong ly  
ep ido t i zed  and,  where ox id ized ,   a r e   s t a ined  a hemati t ic ,   deep  purple  
ochre  colour  . 
U n i t  5 a i  

Pyroxene   basa l t   in t rus ion  -- poss ib ly  a l a c c o l i t h  or s i l l .  Ihe  rock is  
made up  of 5 t o  10 per   cent   pyroxene  phenocrysts  i n  a matrix  of  plagio- 
c l a s e   m i c r o l a t h s .  It is g e n e r a l l y   u n a l t e r e d   b u t   n e a r   t h e   f a u l t e d   w e s t e r n  
c o n t a c t  i t  is  e x t e n s i v e l y   z e o l i t i z e d .  

U n i t  6 

Grey d a c i t e  -- grey  to   grey-green  rocks  that   weather   dark  grey  to  brown 
and form resistant, blocky-jointed  scarps .  The rocks contain  up to 25 
pe r   cen t   b io t i t e ,   ho rnb lende ,   qua r t z ,   f e ldspa r   phenoc rys t s  and abundant 
c l a s t s  of quar tz   fe ldspar   porphyry .  No in t e rna l   band ing  i s  p r e s e n t  i n  
t h e   u n i t   b u t   c o m p a c t i o n ,   c l a s t   o r i e n t a t i o n ,  and local ly   developed  welding 
impart  a weak l a y e r i n g - f o l i a t i o n   t o   o u t c r o p s .  Ihe base of t he  u n i t  most 
commonly is  a r e l a t i v e l y   c l a s t - p o o r ,   c h l o r i t i c ,   d e v i t r i f i e d ,   v i t r o p h y r i c  
c r y s t a l   t u f f .   L o c a l l y  it i s  a coarse   f ragmental   ash  f low  with  abundant ,  
rounded c l a s t s  up t o  10 cent imetres   in   diameter .   This   coarse   pyro-  
c l a s t i c  rock  probably  formed as a t u r b i d i t y   l a g   d e p o s i t   t h a t   r e f l e c t s  
turbulence  developed by loca l   topographic   fea tures   a long   the   base   o f   an  
ove ra l l   l amina r   a sh   f l ow.  

AGE OF VOLCANICS 

Radiometric  dates  for  hornblende  and  rubidium-strontium  samples from 
vo lcan ic  and r e l a t e d   i n t r u s i v e   r o c k s  i n  the  modoggone  area  range from 

r e p o r t e d   t o  be  190?7 Ma (Schroeter ,   1982) .  A new d a t e  of 204 Ma is  t h e  
179 t o  207 Ma (Gabr ie l se ,  e t  dl., 1980) .  A sample  of a luni te   has   been  

f i r s t   t o  be repor ted  from b i o t i t e  in modoggone  volcanic  rocks. The 
sample of b i o t i t e - b e a r i n g   q u a r t z o s e   c r y s t a l   a s h   t u f f  was c o l l e c t e d   s o u t h  
of  Finlay  River  from  rocks  of  Panteleyev's 1981 map u n i t  5a.  Ihese  rocks 
are probably   equiva len t   to  map u n i t  4 i n  t h i s   r e p o r t .  The 204 Ma d a t e  
cor responds   to  202  and 207 Ma d a t e s  from  nearby g r a n i t i c   i n t r u s i o n s  a t  
Kemess d e p o s i t  ( a n n  and Godwin, 1980) .   Col lec t ive ly ,   rad iometr ic   da tes  
f rom  south  of   Finlay  River   to   the  St ikine  River   suggest   that   modoggone 
volcanics   were  deposi ted  over  a 20-million-year  period  from  approximately 
200 to 180 Ma. 
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Sample Data: 

Sanpie NO. Locat ion   Mater ia l  % K  ~ * 4 0  
Analysed 

% Rad. Apparent Age 
Ar*40 (Ida ) 

81AP-TZ8 57'05'38"N  81otite  6.87t0.02 ( 3 )  25.743 97.5 213427 
126°39'30'lW 

NOTES 

Reswrces;  number i n   p a r e n t h e s i s   r e f e r s   t o  number of K analyses. 
K determined by t h e   A n a l y t i c a l   L a b o r a t o r y ,   M i n i s t r y  of E n e r g ,   M i n e s   a n d   P e t r o l e m  

Ar determinat ion and age   ca lcu la t ion  by J. E. M r a k a l ,   h i v e r s l t y   o f   t f i . t I s h  Colunbla. 
Constants used: h = 0.581 x lO-l%r-I; h6 4.96 x 10- l%r- l ;  K40/K = 1.167 x 

DISCUSSION 

pyroc la s t i c   accumula t ion   t ha t  was p r o b a b l y   r e s t r i c t e d  to a r e l a t i v e l y  
The volcanic  assemblage mapped r ep resen t s  a subaerial , .   predominantly 

small i s l a n d  or i s l a n d  chain.  Magma underwent l i t t l e  d i f f e r e n t i a t i o n ,  
judging  from  the  preponderance  of  andesit ic  rocks.  Some d i f f e r e n t i a t i o n  

d a c i t e .   T r u e   d a c i t e   e r u p t e d   o n l y   a t   t h e   e n d  o f   p y r o c 1 a s t i . c   a c t i v i t f   t h a t  
took place to   produce  quartzose andesi t ic  r o c k s   t h a t  are t r a n s i t i o n a l   t o  

produced   the   g rey   dac i te   ash   f lows .   Smal l ,   p robably   i so la ted ,   ind iv idua l  
magma chambers   produced  local ized  basal t ic   and  t rachyt ic   volcanic   rocks 
and small i n t r u s i o n s .  No rhyolite  has  been  found.  Hydrothermal 
a l t e r a t i o n  produced pale, quartz-bear ing,  commonly banded r o c k s   t h a t  

g ra ins ,   c l ay   mine ra l s ,  and a l u n i t e ,  are i n v a r i a b l y   l o c a l i z e d   i n   f a u l t  
resemble   rhyol i te .  The a l t e r e d   r o c k s ,  which are composed  of  rquartz 

zones. 

The g r e y   d a c i t e  is i n t e r p r e t e d   t o  be a massive  ash  f low  sheet or !sheets 
t h a t  acted as a s i n g l e  coo l ing   un i t .  It  is a t  l e a s t  250 metres t h i c k  and 
covered  an  area a t  l eas t  1 5  k i lomet res  by 40 k i lomet res .  "ne volume of 

e q u i v a l e n t  to major  ash flow sheets described i n  o ther   vo lcanic  .f ields 
t h e   g r e y  d a c i t e   s h e e t  is a minimum of 125 cubic  k i lomet res ,  which is 

( f o r  example, see Steven  and Lipman, 1 9 7 6 ) .  Compared t o  a.sh flows in t h e  
San  Juan  volcanic   region  of   Colorado,   the   grey  daci te  map u n i t   r a n k s  as a 
'moderate volume ash flow. ' 

S i t e s  of mine ra l i za t ion /a l t e r a t ion  do not  appear  to  have  any simple 

f lows   and   f low  contac ts   wi th   tu f fs   ra ther   than   pyroc las t ic   rocks .  %is 
l i t ho log ic   con t ro l   a l t hough   mine ra l i za t ion   t ends   t o   f avour   andes i t i c  

def ined ,   long- l ived   f rac ture / fau l t   sys tems  in   andes i te .   In   cont ras t ,  
is  poss ib ly  a consequence of hydrothermal f h i d s   b e i n g   c h a n n e l e d  by well- 

d i f f u s e d  by intergranular  f low  in  the  highly  porous  and  permeable  rocks.  
hydro the rma l   f l u ids   t ha t   en t e red   py roc la s t i c  u n i t s  became d i spe r sed  and 

I n  a d d i t i o n ,   f l u i d - r o c k   i n t e r a c t i o n   i n   a n d e s i t e s  was m i n i m a l  as opposed 
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a l t e r a t i o n  of g lass   shards  and c r y s t a l s  took  place  to  produce  abundant 
t o   t he   s t rong ly   hydro the rma l ly   a l t e r ed   py roc la s t i c   rocks  where much 

c l ay   mine ra l s .  

Volcanic- re la ted   hydro thermal   ac t iv i ty  was con t ro l l ed  by o l d e r   f a u l t s  and 
f r ac tu re   zones ;  many of these   t rend   nor ther ly   to   nor th-nor theas te r ly .  
The al tered  zones  are   independent  of the predominantly  northwesterly- 
southeaster ly   t rending  younger   faul ts  shown  on Figure 45. 
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A COWARISON OF THE  GEOLOGIC SIZTTING OF 
STRATIFORM l l A s S I V E   S U I P H I D E   D W O S I T S  OF "HE GATAGA DISTRICT 

WITH TEE UIDWAY AND WINDY-CRAGGY D m O S I T S ,  

NORTHEM  BRITISE COLUMBIA 

(94F. I; 1040/16; 114P/1:2) 

BY D.  G. MacIntyre 

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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SYLVESTER 
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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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SURFACE  SHOWING: 
Py=PYRITE,  Ba=BARITE . . . . . . . .  
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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 . . . . . . . . . . . . . . . . . . -  

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

The Brucejack Lake (Sulphure ts ,  M I  lO4B-118) precious  m!tals   epi thermal  
prospect ,   located  approximately 65 kilometres  northwest  of  Stewart ,  was 
examined  from  August  3rd  to  6th  inclusive.   Brucejack  Iake,   part  of t he  
l a rge r   Su lphure t s   p rope r ty ,  is covered by the  Red 1 Group mineral  claims 

Sulphure ts  p rope r ty   cons i s t s  of 240 u n i t s  inc luding   th ree  f r a c t i o n a l  
(Red  River, Red River 2 t o  7 i nc lus ive ,  and Tedray 1 2 ) .  In t o t a l ,   t h e  

c la ims  and  s ix   two-post  claims. It cove r s   pa r t s  of 104B,/8E, 8W. 9E, and 
9W. m e  claims a re   he ld  by Granduc  Mines  Limited, Esso Resources  Canada 
Limited,  and  Sidney F. Ross. The property i s  being  operated ly Esso 
Resources  Canada  Limited  under  option  from  Granduc Mines Limited  and 
Sidney F. Ross. Access i s  by he l i cop te r  from Stewart.  During  explora- 

camp loca ted  on the   no r th   s ide  of Mitchell  Creek,  about 200 me t re s   ea s t  
t i o n ,  Esso Resources  Canada  Limited  uti l ized a he l icopter   f rom  the i . r   base  

of McTagg Creek. 

GEOLOGY MID IIIUERALIZATION 

Small   precious  base metal showings  occur  over a l a r g e   a r e a   w i t h i n   a l t e r e d  
E a r l y   J u r a s s i c   a n d e s i t i c   v o l c a n i c  and sed imentary   rocks   (a ren i te  and 
a r g i l l i t e s )  of the Unuk River  Formation. The mine ra l i za t ion   occu r s   i n  
s e r i c i t e   s c h i s t s   t h a t   r e p r e s e n t   a r e a s  of moderate to i n t e n s e  wallrock 
a l t e r a t ion .   Hornb lende   syen i t e s  and a l l t a l i   f e l d s p a r   s y e n i t e s   t h a t  
in t rude   the   sequence   have   a l so   undergone   loca l  i n t e n s e  a l t e r a t i o n .  
Numerous north-south to nor thwes te r ly   f au l t s  c u t  across   the   p roper ty  -- 
including  the  Brucejack  fault .   Middle  Jurassic  Betty  Creek  Formation 
rocks   occur   to  the eas t .  The dominant   a l te ra t ion   p roducts   inc lude  
sericite,  K-feldspar. s i l i ca ,  carbonate, and ch lo r i t e .   Su lph ide  miner- 
a l i z a t i o n ,  found i n  f ive  separate   mineral ized  zones  spaced  a long a 7- 
k i lome t re   be l t ,   occu r s  as low-grade  disseminations  ( 'porphyry'  gol.d), as 
veins  (for  example,   Iron  Cap),   and  as  epithermal  stockworks  (for  example,  
Brucejack  Lake) . Minerals  include  pyrite,   chalcopyrite,   molybdenite,  
ruby s i lver ,  s t ephan i t e ,   c e ra rgyr i t e ,   e l ec t rum,   na t ive   go ld ,   t e t r a -  
h e d r i t e ,   f r e i b e r g i t e ,   a r g e n t i t e ,   g a l e n a ,   s p h a l e r i t e ,  a!nd b o r n i t e  i n  a 
gangue of q u a r t z ,   b a r i t e ,  and ca l c i t e .   Ce ra rgyr i t e   has   been   i den t i f i ed  
i n  a purp le   r ind  on s i lver-bear ing  veins   in   the  Brucejack  area.  (Dane 
Bridge,  personal  communication,  1982). 

showings of precious metal mine ra l i za t ion  have  been found and p a r t i a l l y  
The main a r e a  of i n t e r e s t  this year was Brucejack Lake where  :several 

t e s t e d   o v e r  a 2-square-kilometre  area. A t  the time of t h e   w r i t e r ' s  
v i s i t ,  120 short ,   hand-blasted  t renches had  been  completed  and $diamond 
d r i l l i n g  was in   p rogress .  
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on  the  Sulphure ts   p roper ty .  On t he  Brucejack Lake p rospec t  1981 and 1982 
During 1982,  53  diamond-drill holes  t o t a l l i n g  4 633.4 metres were d r i l l e d  

d r i l l i ng   i nc ludes   d i amond-d r i l l   ho le s  28, 29,  32, 40 t o  44 and  63 t o  76 
in   t he   Pen insu la   zone ;  54 t o  62 and 80 t o  91 i n  t he  West  zone; 33 to 36 
i n  the  Stockwork  zone;  52,  53  and  92  to 95 i n  the  Galena  showing; 45 t o  
4 8  i n  the 5.9 vein; and 17, 30 and 31 i n  the  Discovery  area o,n the  
peninsula .  

Two pr inc ipa l   zones  have  been i d e n t i f i e d :  

( 1 )  PENINSULA Z O N E  (Near  Shore  zone),   which  has  been  traced  far 265 
metres and t o  a depth of 140 metres by i n t e r s e c t i o n s  i n  22 d r i l l  
holes .  The zone is s t i l l  open.  Grab  samples  cctllected bsy the 
writer ranged i n  value from 0.1 ppn gold and  43  ppn s i l v e r  up t o  2 
ppn gold and 2 924 ppn s i lve r   w i th   l ead  and  zinc  values up t o  1.49 
per cen t  and 3.33 per cen t   r e spec t ive ly .  

( 2 )  WEST ZONE, which was t e s t e d  by 21 d r i l l   h o l e s   a l o n g  a l eng th  of 310 
metres and t o  a depth  of 60 metres. It is  still  open.  True  widths 
a re   e s t ima ted   t o   r ange  from 0.6 to 4.0 metres. Some very  high 
grades  over  narrow  widths  have  been  obtained. Ruby s i l v e r ,  
f r e i b e r g i t e ,  electrum, na t ive   go ld ,   s tephani te ,   ga lena ,   pyr i te ,  and 
s p h a l e r i t e   o c c u r  i n  a stockwork  of  quartz  veinlets i n  sericitic 
andes i t i c   t u f f .   Mine ra l i zed   g rab   s amples   con ta in ing   su lph ides   i n  
q u a r t z   v e i n l e t s   t h a t   t h e   w r i t e r   c o l l e c t e d   r a n g e d  i n  value  from 4.8 
ppn gold and several   thousand ppn s i l v e r  up t o  2;’5  ppn gold  and 

cen t ,   l ead  from 0.4 per cen t  up t o  2.50 per cent, .  and z inc  from 
67  525 ppn s i l v e r .  Copper ranged  from  0.54 per c e n t  u p  to 2.74 per 

0.027 per   cent  up to 4.5 per cent .  

Other  showings  or  zones  tested  include (see Fig.  59): 

( 3 )  GALENA SHWING -- 
na t ive   go ld   occu r   i n   qua r t z  and b a r i t e   v e i n l e t s  i n  sericite s c h i s t  

galena,  s p h a l e r i t e ,   p y r i t e ,   c h a l c o p y r i t e ,  and 

ranged in value from 1 ppn gold  and 69 ppn s i l v e r  to 9.3 p p n  gold 
( a l t e r e d   a n d e s i t i c   t u f f ) ;  grab samples c o l l e c t e d  by the writer 

and 1 276 ppn s i lver ;   copper   values   ranged from  0.02 to 0.!52 per 
cent ,   l ead   f rom 0.04 to 7.7 per  cent,   and  zinc  from 0.02 to 4.78 per  
cent .  

( 4 )  TRENCH 108-111 RIDGE -- ga lena ,   t e t r ahedr i t e ,   e l ec t rum,   a rgen t i t e ,  
s p h a l e r i t e ,   p y r i t e ,  and cha lcopyr i t e   occu r   i n  a quartz   s tockwork  in  
s e r i c i t e   s c h i s t   ( a l t e r e d   a n d e s i t i c   t u f f ) ;   g r a b  samp:.es c o l l e c t e d  by 

ppn gold  and 5 166 ppn s i lver ;   copper   values   ranged from  0.05 t o  
t h e  writer ranged  in   value from 0.3 ppn gold  and 10 ppn s i l v e r   t o  56 

0.68  per  cent,  lead  from 0.6 to 5.9 per   cen t ,  and z inc  from 0.12 to 
5.87 per cent. 

( 5 )  0.5 V E I N  -- su lphides  i n  quar tz  v e i n s  i n  serici.te schis t ; :   g rab  
samples   co l lec ted  by the  writer ranged i n  value from 16.5 p p  gold 
and  187 ppn s i l v e r   t o  36  ppn gold and 235 ppn s i l v e r ;  copper  ranged 
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from 0.25 to 0.66 per  cent,   lead  from 1.19 t o  3.8 per   cen t ,  and z inc  
from 3.01 t o  4.5 per cent .  

(61 STOCKWORK ZONE -- p y r i t e ,   g a l e n a ,  and S p h a l e r i t e   i n  a qua r t z   s tock -  
work i n  s e r i c i t e   s c h i s t .  

(7) 5.9 VEIN -- nat ive   go ld ,   e lec t rum,   pyr i te ,   ga lena ,   spha ler i te ,   ruby  
s i l v e r   i n  a quartz  stockwork i n  s e r i c i t e   s c h i s t .  

The writer m u l d   l i k e   t o  acknowledge  the  cooperat ion  and  logis t ical  
support   provided by ESSO Resources  Canada  Limited. 
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MOUNT JOHNNY PROSPECT 

(104B/11E) 

By T. G. Schroeter 

INTRODUCTION 

On W g u s t   5 t h  the writer made a b r i e f   v i s i t  to S k y l i n e   w l o r a t i o n   l A t d . ' s  
Mount Johnny (Reg claims, M I  104B-77) mass ive   su lphide   p rcper ty ,  whj.ch is 
located  approximately  120  ki lometres   northwest  of Stewart on  the west 
f lank  of  Mount Johnny (see Fig. 60).  Access to the  property,   which 
c o n s i s t s  of   172   un i t s ,  i s  v i a   he l i cop te r   f rom eiti-.er Stewart  
Eddontenajon. 

or 

FIgJre 60. Location map, Mount Johnny prospect. 
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GEOLOGY AUD I I I ~ I Z A T I O N  

The base of b u n t  Johnny is  under la in  by i n t e r c a l a t e d   p h y l l i t i c   g r i t s ,  
s i l t s t o n e ,  and  an andes i t i c - rhyo l i t i c   s equence  of   Early  Jurassic   age 
(Unuk River  Formation ? ) .  The volcanic   sequence  local ly  shows p e r s i s t e n t  
autometamorphic  textures.  A sequence  of  lower  Middle J u r a s s i c   r o c k s  
(Betty  Creek  Formation ? )  over l i e s   t he   Ea r ly   Ju ra s s i c   rocks   bu t   a r e  
devoid of 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 .  

Copper-gold  massive  sulphide  mineralization  has  been  located i n  three 
zones:  Pick Axe, C lou t i e r ,  and McFadden (see Fig. 61).  The Pick Axe 
and   Clout ie r   zones   a re   loca l ized   in  a sequence of r h y o l i t i c   t u f f a c e o u s  
rocks .   Mine ra l i za t ion   cons i s t s  of near   massive  chalcopyri te   and  pyri te  
i n  c r tz tcarbonate   gangue.  

Figure 61. b u n t  Johnny prospect (Inset on Fig. 6 0 )  (based on covany P lans) .  
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(1 ) P i c k  Axe Zone 

Reportedly  traced more than 1 000 metres,  the  zone has been  con- 

Letter, May 14 ,  1982) .  Assay resul ts  from  grab  samp1,es  collected by 
firmed by d r i l l i n g   a l o n g  a l e n g t h  of 15 metres  (George Cross wws 

the   wri ter   are   as   fol lows:  

Saw I e No. D e s c r l p t l o n  Gold S I  l v e r  Copper  Lead Z i n c  
Br I et 

ppm ppn  per   cen t   per   cen t   per   cen t  

JM-82-2 Mass I ve 2 124  3.93  0.,04  0.018 
c h a l c o p y r l t e p y r i t e  

JM-82-3 C h a l c o p K l t k p y r l t e  2 90 3.57 0,.02 0.078 
I n   q u a r t z  

JM-82-5 C h a l c o p y r i t e p y r l t e  2.3 111  4.32 <o .02 0.04 3 
I n  qua r t z  

JM-82-6 C h a l c c p y r i t e p y r l t e  0.7 255 3.42 <0.02 0.012 
I n  ' r h y o l i t e '  

JM-82-8 b a r  masslve p y r i t e  1 100 2.63 0.045 0.090 
and   cha lcopy r i t e  

( 2 )  C l o u t i e r  Zone 

Apparently  traced  along a length  of 490 metres  (GeDrge Cross h e w s  
L e t t e r ,  May 14,  1982). Assay resu l t s   €or   g rab   samp1.e~   co l lec ted  by 
the  wri ter   are   as   fol lows:  

Saw l e  & l e t  No. Oescr lp t l on  Gold SI l v e r  Copper  Lead Z l n c  
P pm  ppm per   cen t   pe r   cen t   pe r   cen t  

BJ-82-9 C h a l c o p y r i t e - p y r i t e  1.7 19 1.37 0.03 0.,03 
I n  s i l l c l f l e d   t u t t  

BJ-82-11 P y r i t e  I n  s l l l c l t l e d  < I  4 0 0.014 0.02 0..018 
t u t t  

8J-82-13 b a r  massive 2.3 19 2.1 <0.02 0..022 
c h a l c o p y r l t e p y r l t e  

8J-82-14 C h a l c o p y r i t e - p y r i t e  < I  3 5  5.40 c0.02 0,047 
i n   q u a r t z  

BJ-82-15 b a r  mass I v e   p y r i   t e -  3.4 140 6.50 co.02 0.045 
c h a l c o p y r i t e  

8J-82-16 b s s l v e  p y r i t e -  0.3 6 5  5.12 <0.02 0.017 
c h a l c o p y r i t e  

E.!-82-I7 C h a l c o p y r l t e p y r l t e  0.3 4 5  4.15 c0.02 0.012 
i n  qua r t z  
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diamond-dri l l   hole  10. Diamond-drill  hole 9 i n t e r s e c t e d  a massive 
A t  the time of the writer's v i s i t ,   d r i l l i n g  was i n   p r o g r e s s  on 

s u l p h i d e   s e c t i o n  from 35.8 t o  38 metres. 

( 3 )  McFadden Zone 

High-grade  massive  pyrite  boulders were found i n  an  area 245 metres 
by 45 metres  (George Cross News  Letter, May 14,  1982) t h a t  i s  
located  approximately 1 k i lomet re   southeas t  of t h e   C l o u t i e r  zone. 

Diamond d r i l l i n g  exceeded 750 metres i n  e igh t   ho le s ,  and geophysical 
surveys  were ca r r i ed   ou t   t h roughou t   t he  summer and f a l l .  In mid- 
September,  Placer  Developnent  Limited  optioned  the  property  from  Skyline 
Explorations  Ltd.  
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KUTCHO (IREEK PROPERTY 

(1041/1) 

By T. G. Schrater 

INTRODUCTION 

The par t  of the  Kutcho  Creek  massive  sulphide  deposit  ( M I  104/1-60) owned 
by Sumac Mines Ltd. was v i s i t e d  on August  30th. It is located  approxi-  
mately 100 k i lome t re s  eas t  of E a s e  Lake. During  1982, Sumac Mines Ltd. 

p rope r ty .  The company then  f lew  surface  and  underground  equipment  to 
cons t ruc t ed  a 12-ki lometre   tote   road from the  Kutcho a i r s t r i p  t.o the  

Kutcho a i r s t r i p   a n d  moved it to the   p roper ty .  

Sumac Mines  Ltd.  completed a 218-metre c r o s s c u t   i n t o   t h e  ore zone f o r  
bulk  sampling  purposes  and  collected  145  tonnes  of ore ( s e e  Fig .   62) .  
They also  conducted 1 525 metres of su r face  diamond d r i l l i n g .   T h i s  
b r i n g s   t h e   t o t a l  number of h o l e s   d r i l l e d  by Sumac Mines Ltd. t o  1 2 8  f o r  
approximately 21 335 metres i n  total .  ESSO Minerals Canada, ownBrs of 
p a r t  of t h e   m s s i v e   s u l p h i d e   m i n e r a l i z a t i o n ,   h a s   a l s o   d r i l l e d  9 200 
metres. C o n s e q u e n t l y ,   t o t a l   d r i l l i n g  on the  Kutcho  Creek p rope r ty  
exceeds more than 30 535 metres. 

F i  y r e  62 Sketch o i  Sumac M i n e s  Ltd. ' 5  Kutcho  Creek  property. 
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mil l ion   t onnes   g rad ing  1 .68  per c e n t  copper, 2.14 per c e n t   z i n c ,  25.23 
Est imated   reserves   for  t h e  Sumac Mines Ltd.   property are approximate.ly 11 

grams s i l v e r  per tonne, and 0.26 grams gold  per tonne. 

GEOLOGY AND IIIUERALIZATIOU 

The  geology of the c r o s s c u t  is shown on f igu re  63. Twc, main zones of 
mass ive   su lphide  ore mine ra l i za t ion   cons i s t ing  of cha lcopyr i t e ,   py r i t e ,  
b o r n i t e ,   s p h a l e r i t e ,   a n d  minor   galena  and  te t rahedri te  were i n t e r s e c t e d  
i n  the c rosscu t .  The f i rs t ,  A zone, is 4 metres wide, the  seca'nd, R 
zone, is 13 metres. 

g r e a t e r   t h a n  80 metres of massive  fine-grained p y r i t e  (see Fig,. 6 3 ) .  
I n  add i t ion ,  a C zone was i n t e r s e c t e d  below B zone  and consists of 

Metal zoning  with a zinc-r ich  hangingwall  appears t o   e x i s t .  The ore 
z o n e s   d i p  45 degrees  t o  the   no r th  and crosscut the  enclos.ing  rocks  which 
have an average  dip  of  70 degrees  to the nor th .  

AcKNmlXlamTs 
The writer acknowledges   t he   hosp i t a l i t y  of T a i j i  &no, Roy Suzuki, ,and Ed 
Holt of Sumac Mines Ltd .   whi le   v i s i t ing   the   p roper ty .  
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MAJOR  MINERAL DEPOSITS 

2. DAG0  HILL  DEPOSIT 

1. SCOTTIE  GOLD  MINE 

4. CONSOLIDATED  SILVER  BUTTE  DEPOSIT 

3. BIG  MISSOURI  MINE 

6. SEBAKWE MINE 

5.  INDIAN  MINE 

8. SILEAK  PREMIER  MINE 

7. E.C. SILVER  MINE 

9. RIVERSIDE  MINE 

10. DUNWELL  MINE 

11. SILVERADO  MINE 

12. PROSPERITY  AND  PORTER  IDAHO  MINES 

F i g u r e  64. Regional geoloy and mineral  deposits.  
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S W O N  RIVER  PROJECT,  STFXART,  BRITISH COLUPLB:tA 
104B/1) 

By D. J. Alldrick 

INTRODUCTION 

In   July,   1982 the M i n i s t r y   i n i t i a t e d  a s tudy of the g e o l o g i c a l   s e t t i n g  of 
p r e c i o u s  metal d e p o s i t s  i n  t he  Salmon River  Valley  which  trends  north 
f rom  S tewar t   for  35 k i lomet res .  The s p e c i f i c   o b j e c t i v e s  are: 

Document s t ruc tu ra l   and   s t r a t ig raph ic   r e l a t ionsh ips   o f   t he   hos t .   r ock  
volcanic  sequence  and i ts  con tac t   r e l a t ionsh ips   w i th   ad j acen t  
t e r r a n e s .  

Determine  the  evolution  and  deposit ional  environment of t he   vo lcan ic  
system from pe t rographic  and geochemical  studies of t h e  sequenc!e. 

Analyse  the s t ructural ,  s t r a t i g r a p h i c ,   m i n e r a l o g i c a l ,  and t r a c e  
e l e m e n t   c h a r a c t e r i s t i c s  of the   p rec ious  metal and  base metal 
d e p o s i t s  of the area. 

Conduct   metal logenic   s tudies   and  def ine areas of: high mineral 
p o t e n t i a l .  

Sample for f o s s i l  and   rad iometr ic   da t ing  of the  host   rocks  and ore 
zones  and  compare them wi th   o the r   vo lcan ic  terranes around  the 
Middle J u r a s s i c  Bowser bas in .  

HISTORY AUO PREVIOUS WORK 

Prospectors   began to explore the S t e w a r t   a r e a   i n  1898 enroute  to the 
Klondike. No major placer gold deposits were f o u n d   b u t   m i n e r a l i z e d   f l o a t  
l e d  to the   d i scove ry  of gold-quartz   vein  deposi ts .   Cont inued  prospect ing 
loca ted   the   gossan  a t  Si lbak  Premier  mine i n  1910,  Subsequently,  the 
S t e w a r t  camp became t h e   t h i r d   g r e a t e s t   l o d e   g o l d  proc3ucing ar’aa i n  
B r i t i s h  Columbia. Between 1918  and  1968 the   S i lbak  Premier mine pro- 
d u c t i o n  alone t o t a l l e d  4 . 3  m i l l i o n   t o m e s   g r a d i n g   1 3  grams gold per tonne 
and 298  grams s i l v e r  per tonne.  Tipper  and  Richards  (1976)  outlined  the 
tectonic evo lu t ion  of  the  region. Major r e p o r t s  by Gsove (1971)  and 
Gal ley   (1981)   inc lude   h i s tor ica l   rev iews  of g e o l o g i c a l   s t u d i e s  i n  t he  
area and   ex tens ive   b ib l iographies .  Barr (1980)  provides a concise  
geological  review  of the Silbak  Premier  mining camp. 

E x p l o r a t i o n   i n  the Stewar t  area dur ing   t he   pas t  few years  has  been 
in t ens ive .  Companies are r eas ses s ing  several known proper t ie : s  and 
t e s t i n g   i n t e r e s t i n g  new prospec ts ;  for example, the   Prosper i ty / I ’or te r  
I d a h o   s i l v e r   d e p o s i t s ;   t h e   S i l b a k  Premier, Indian  and  Big  Missouri  mines; 

\ 
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d e p o s i t s   i n   t h e  Big  Missouri claim group. There i s  also an  ongoing 
the   Consol ida ted  Silver Butte Mines  Ltd. depos i t ;  and many s c a t t e r e d  

exqloration  program  around  the p roduc ing   Sco t t i e  Gold mine. 

REGIOMAL GBOMGY 

The north-northwest- t rending  bel t   of   volcanic   rocks  (shaded on Fig. 64) 
t h r o u g h   t h e   c e n t r a l   p a r t  of t h e  project  area i s  t h e  focus of t h i s   s t u d y .  

a long   t he   ea s t e rn   edge  of t h e  map-area  and i s  c u t   o f f  by a series of 
I t  i s  bounded by a thick  sedimentary  sequence  trending  north-northwest 

i n t r u s i v e   r o c k s  to t he  west (Tipper and Richards,  1976).  

A l l  t he   ma jo r   o re   depos i t s  and  almost a l l  t h e  smaller minera l   depos i t s   o f  
t h e  area occur   within  the  volcanic   sequence.  Hanson (1935) and  Grove 

Assemblage'   respectively.  They assumed t h a t  a l l  t h e   v o l c a n i c   t e r r a n e s  of 
(1971)  i d e n t i f i e d   t h i s   s e q u e n c e  as 'Hazelton Group'  and 'Hazelton 

LEGEND 
(ALSO FOR FIGURES 66 AND 67) 

SEDIMENTARY  SEQUENCE 

Ba CONGLOMERATIC  BLACK  SILTSTONES  AND Bc BLACK  TO  GREY  SILTSTONES 

Bb  FOSSILIFEROUS  LIMESTONE 
SHALES  Ed  BLACK  SILTSTONES  AND  PYRITIC  SHALES 

VOLCANIC  SEQUENCE 

7 BLACK  SILTSTONE 
3 GRADED  GREY  TUFF lCONTlNUEDI 
FELSIC  VOLCANIC  ROCKS (CONTINUEDI 

INTERMEDIATE  VOLCANIC ROCKS 3c TUFF.  WITH LENSES OF 3d 
6.3 
6b 

5a 
5b 
5c 

4 
5d 

BLACK  TUFF 36 MAROON  TUFF 
BLACK  LAPILLI  TUFF,  BLEACHED  FRAG- Za RHYOLITE  ASH  FLOWTUFIz,  HIGHLY  PYRITIC, 
MENTS  LIMESTONE  BOULDERS,  SCORIA  FRAGMENTS 
GREEN  TUFF  BRECCIA 
GREEN  TUFFS,  LAPILLI TUFFS, AND FLOWS 

2b RHYOLITE  ASH  FLOW 'TUFF, MINOR OR 
TRACE  PYRITE,  FRAGME'NTS  OF l e  A N 0  

CHERT-CARBONATE LENSES, iSULPHlDES 
PURPLE TUFF SCORIA 

l a  BLACK  TUFF,  FINE  TO  MEDIUM  GRAINED 
PURPLE AND  MAROON  TUFF  BRECCIA. l b  FOSSILIFEROUS  LIMESTONE 
LAPILLI  TUFF,  TUFF,  AND  EPlCLASTlC  ROCK IC PALE  GREEN  TUFF 

FELSIC  VOLCANIC ROCKS 
3 GRADED  GREY  TUFF: 

3a TUFF  BRECCIA 
3b  LAPILLI  TUFF 

I d  GREY-GREEN  TUFF 
l e  BLACK  CARBONACEOUS  LAPILLI  TIJFF, 

ABUNDANT  PUMICE  FRAGMENTS,  LOCAL l b  
NODULES,  LOCAL  PYRITE 

SYMBOLS 

LITHOLOGIC  CONTACT . . . . . . . . . . . .  .-._. -.. FAULT . . . . . . . . . . . . . . . . . . . . . . .  .-.A- 

LITHOFACIES  CONTACT ........................ THRUST  FAULT . . . . . . . . . . . . . . . . . .  / 3 
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ki lomet res  t o  t h e  sou theas t .  S ince  f a u l t  and i n t r u s i v e   c o n t a c t s   b o r d e r  
the   reg ion  are  contemporaneous with those of the type  Hazelton  area 200 

the  volcanic   sequence i n  t he   S t ewar t   a r ea ,   t he   co r re l a t ion  is tenuous. 
A r i c h l y   f o s s i l i f e r o u s   l i m e s t o n e  u n i t  and fos s i l i f e rous   l imes tone   nodu les  
occur  i n  dark  tuffaceous  rocks of the  sequence  and may provide a def in-  
i t i v e   a g e   f o r   t h i s   m e t a l - r i c h   v o l c a n i c   b e l t .  

Throughout  the  area mapped th is   season ,   the   sed imentary   rocks  were t h r u s t  
westward  over the volcanic   rocks.  The sed imentary   sequence   cons is t s  of 
black and g r e y   s i l t s t o n e s  and s h a l e s  w i t h  basal   conglomerat ic   horizons.  
A t h in   fo s s i l i f e rous   l imes tone   c rops   ou t   nea r   t he   base  of the  sequence. 
Fossi l   age  determinat ions  completed i n  the  mid-1960's  (Grove,  1971) 
de f ined  a broad  Mesozoic  age  range.  Grove  assumed a Middle J u r a s s i c   a g e  
and   i den t i f i ed   t hese   rocks   a s  'Bowser Assemblage.'  Subsequently,  Tipper 
and  Richards  (1976)   descr ibed  s imilar   sedimentary  sequences  f rom  the 
upper  Hazelton  Group.  Consequently t h e  exac t   age   and   co r re l a t ion  of t h i s  
sedimentary  sequence  remains  uncertain and the   foss i l   hor izon   has   been  
resampled  for   fur ther  macro  and microfoss i l   s tudy .  

a rea   def ine   the   eas te rn   margin  of t he   Coas t   P lu ton ic  Complex.  Based on 
A complex s e r i e s  of in t rus ive   rocks   a long   the  western edge  of  the map- 

v a r i o u s   b a t h o l i t h s  and smal le r   s tocks  range i n  age  from Middle J u r a s s i c  
l imi t ed  K/Ar age d a t i n g  by the United States   Geological   Survey,  the 

t o  Middle  Eocene  (Grove,  1971).  ?he  compositions  range  from  granodiorite 
t o   d i o r i t e .  A wide v a r i e t y  of dyke  rocks  occur  throughout  the  belt  -- 
compositions  range  from  aplite  to  gabbro. In some a r e a s   t h e   i n t r u s i v e  
r o c k s   a r e   s p a t i a l l y   r e l a t e d   t o   o r e   d e p o s i t s ,   f o r   e x a m p l e ,  a t  t h e   S c o t t i e  
Gold  and Si lbak  Premier mines. 

VOKANIC STRATIGRAPHY 

Volcanic   un i t s  w i t h i n  t h e  map-area (F ig .   66 )   s t r i ke   no r th   t o   no r th -  
no r thwes t   and   gene ra l ly   d ip   t o   t he  west. E'ragments  of s u b j a c e n t   l i t h -  
o l o g i e s  i n  t u f f  breccia,   and  grading i n  the  thick  ash  f low  of u n i t  3, 
s u g g e s t   t h a t   s t r a t i g r a p h i c   t o p s   a r e   t o   t h e  west. Gal ley  (1981)   ident i -  
f ied  graded  beds i n  e p i c l a s t i c   r o c k s  of u n i t  4 which a l s o  show t h a t  
s t r a t i g r a p h i c   t o p s   a r e  to the west. 

The o v e r a l l   t h i c k n e s s  of  the  volcanic  sequence m s t  exceed 700 metres 

s e a s o n ' s  work. The s i l t s t o n e s  of u n i t  7 may mark the  top of the 
(F ig .  65) b u t   t o t a l   t h i c k n e s s   c a n n o t  be es t imated  on t h e   b a s i s  of t h i s  

sequence. The lower part o f   t he   s t r a t ig raph ic   s ec t ion   has   no t   been  
s t u d i e d  i n  d e t a i l   b u t   i n c l u d e s  a t h i c k  s e c t i o n  of t u f f s ,   a i r f a l l   t u f f s ,  
and   ep ic las t ic   rocks   (F ig .   65b) .   lhese   a re   exposed   a long   the  Bear River 
Ridge  south of Mount Shorty  Stevenson. 

Galley  (1981)  developed a de t a i l ed   t ype   s ec t ion  o f   t he   s t r a t ig raphy  on 

based on exce l len t   rock   exposures   a long   the   wes t   s lope  of  Mount Dil lworth 
t h e  Big Missouri   property.  The  few modi f i ca t ions   t o   Ga l l ey ' s  work a r e  

beyond h i s  map-area. S e l e c t e d   f e a t u r e s  of t he   s t r a t ig raph ic   s equence  
(Fig.   65)   are   descr ibed  fol lowing.  
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A f o s s i l i f e r o u s   l i m e s t o n e  band ( l b )  i s  interbedded w i t h  t u f f s  of u n i t  l a  
on the  northwes't  edge of t he  Mount Dillworth  snowfield.  Nearby,  large 
nodules of the same f o s s i l i f e r o u s   l i m e s t o n e ,  up t o  0.5 me'xe a c r o s s ,   a r e  
enveloped  in  black  carbonaceous h f f   ( u n i t   l e ) .   T e x t u r e s   s u g g e s t   t h a t  
the   nodules  were u n l i t h i f i e d   c a r b o n a t e  rmd b a l l s  when inco rpora t ed   i n to  
t h e   t u f f .  The same carbonaceous  tuff   typical ly   contains   angular   white  
pumice  f ragments   and  local ly   hosts   blebs  of   pyri te   up t o  3 cent imet res  i n  
diameter.  Dykes (personal   comnunicat ion)   t raced u n i t  l e  ?IS f a r   s o u t h   a s  
Fetter Lake beside Dag0 Hill. T h i s   h o r i z o n   e i t h e r   u n d e r l i e s   u n i t  2 
d i r e c t l y  or is separated  from it by a t h i n   l a y e r  of u n i t   l a   t u f f .  

Var ious   wrke r s   i den t i f i ed   t he   rocks  of u n i t  2 a s   r h y o l i t e ,   c h e r t ,   o r  
e x h a l i t e ,  !xt the   exac t   conpos i t ion  and origin  has  not  been  determined. 
Res i s t an t   rhyo l i t e   a sh   f l ow  tu f f s   ( f ac i e s   2a )   wea the r   t o   b r igh t   ru s ty  

of  Mount Dil lworth.  They extend from t h e   R o y   P l a t s   t o  the Unicorn No. 3 
red,   nochlar   outcrops t h a t  form a cont inuous  r idge  a long the  western edge 

workings  south  of Mount Dil lworth where a gradual   decrease i n  t he   dens i ty  
of  fragments and i n   t h e   p y r i t e   c o n t e n t  marks t h e   c h a n g e   t o   f a c i e s  2b, 
which is exposed   d i scon t inuous ly   a s   f a r   sou th   a s   Fe t t e r   I ake .  One t h i n  
exposure   o f   fac ies  2b OCCUKS on t he   wes t   s ide   o f   S l a t e   hun ta in , ,  and 
another  exposure  of t h i s  u n i t  can  be  traced  from  southeast   of Long Lake 
t o   t h e   w e s t   s l o p e  of Mount Shorty  Stevenson;  southward i t  gradual ly  
c h a n g e s   t o   f a c i e s  2a. Facies  2a c a r r i e s  up t o  20 per   cen t   d i sseminated  
ve ry   f i ne -g ra ined   py r i t e  i n  a t rans lucent   g rey   s i l i ceous   mat r ix .   Loca l ly  
the   py r i t e   occu r s   a s   mass ive   b l ebs  up t o  20 centimetres  long. One 

metres long. This t u f f  con ta ins  numerous  rounded  carbonate  boulders  that 
s t r a t i f o r m   p y r i t e  seam on Mount Dil lworth i s  8 cent imetres   thick and 6 

a r e   r e c r y s t a l l i z e d  ( ? )  t o  coa r se -g ra ined   ca l c i t e ;   l oca . l l y   t he re   a r e  
abundant,   large  angular fragments of black  scoria .  

i s  s i g n i f i c a n t  because i t  develops by progress ive  a l t e r a t i o n  of the 
U n i t  3 c o n s i s t s  p r i n c i p a l l y  of grey t u f f .  lhe a l t e r e d  maroon f a c i e s   ( 3 d )  

green-grey  f ine-grained  tuff  of f a c i e s  3c. Oxidation may r e s u l t  from 
e i t h e r   s u b a e r i a l   e x p o s u r e  OK passage  of  oxygenating  f luids  through  the 
t u f f .  

With the   except ion  of t he   mnwel l  and Riverside  mines, 2.11 the   mineral  
d e p o s i t s  on Figure 64 are   hos ted   wi th in  medium g reen   andes i t i c   vo lcan ic  
rocks of u n i t  5. The r o c k s   a r e   c r y s t a l   t u f f s ,   1 a p i l . t i   h f f s ,  t u f f  
b r e c c i a s ,  and  flows. They a re   cha rac t e r i zed  by plagioclase  and,  less 
commonly, hornblende   c rys ta l s  and crys ta l   f ragments .  The b a s a l   t u f f  
b recc ia   con ta ins   f r agmen t s  up t o  1 .5  metres i n  diameter and  one i n t a c t  
hexagonal  fragment  of  columnar  andesite, 1.2 metres   across , ,  i s  exposed on 
Mount Dillworth.   Galley mapped a thin,   t rough-l ike  lens  of pil lowed 
a n d e s i t e s  on t he  Big  Missouri   property.   Intermit tent   exposures   and  rapid 
l a t e r a l   f a c i e s   c h a n g e s  i n  t he  tuffs p r e v e n t   c o r r e l a t i o n  of i nd iv idua l  
s t r a t a   a l o n g   s t r i k e .   P e r h a p s   t h e   p u r p l e   t u f f   f a c i e s  i n  this   sequence 
w i l l  provide  t ime-strat igraphic   markers  of l o c a l  and posisibly  regional 
s i g n i f i c a n c e   t o  mapping  and exploration  programs. 
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l i m e s t o n e   ( u n i t  5 d )  conprise   ore   host   rocks  a long Big Missouri  Ridge. 
In t e rmi t t en t ly   mine ra l i zed   l enses  of chert, cher t -carbonate ,   and 

These  rocks  and  their   precious metal mine ra l i za t ion  were the  €ocus of 
Gal ley ' s   pe t rographic   and   geochemica l   research   and   h i s   resu l t s   a re  

p rope r ty  hut only a  few are   mineral ized.  The chert-carbonate  zones  can 
summarized  here.  There  are many of  these  lenses on t 'he Big Missouri 

o c c u r   a s   i n d i v i d u a l   l e n s e s   o r   a s  a s e r i e s  of two or   thret?   s tacked  lenses  
l y i n g  2 t o  20 met res   apar t .  m e  ind iv idua l   l enses   vary  up  t o  7 metres i n  

k i lomet res .   Typica l ly ,  t h e y  conta in   angular   andes i te  fragment.5: near 
thickness  and  have  been  traced  over a maximum s t r i k e   l e n g t h  of 1.8 

t h e i r  lower  contacts;   lenses  lower i n  the  sequence  carry  akundant  f inely 
disseminated  carbon. The chert-carbonate   lenses  may grade  into  massive 
c h e r t  or massive  carbonate   zones  a long  s t r ike.  

The contact   between u n i t s  5 and 6 is grada t iona l .  The medium green  f ine-  
g ra ined   andes i t e s  of u n i t  5 gradual ly   darken and give way to   the   b lack  

grada t iona l   contac t   undula tes   th rough  la rge   ou tcrop   exposures .  The 
t u f f  of u n i t  6. Rock textures  remain t h e  same i n  both u n i t s  and t h e  

o r i e n t a t i o n  of contacts  between u n i t s  5 and 6 and a l s o  between u n i t s  6 
and 7 are   uncer ta in   (F ig .  6 7 ) .  

G r e e n s c h i s t   f a c i e s  metamorphism a f fec t ed   t he   vo lcan ic   s equence   t h rmghou t  
t h e  map-area.  However, t he re  is no macroscopic   evidewe of ext2nsive 
thermal  metamorphism  adjacent  to  major  intrusive  bodies. 
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FIgure 67. Geological c r o s s s e c t t o n  on t h e  west s i d e  of b u n t  Dl I I rar th .  
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ave rag ing  50 degrees   d ip .  Beds s teepen  to v e r t i c a l  and are l o c a l l y  
On a r e g i o n a l  scale the  volcanic  sequence  forms a west-dipping  homocline 

o v e r t u r n e d   a d j a c e n t   t o   t h e   t h r u s t   f a u l t   c o n t a c t   ( F i g .  67), b u t   d i p s  

no r th -nor thwes t - t r end ing   an t i c l ina l  ax i s  east of Bear River  Ridge. On 
f l a t t e n  on munt  Shorty  Stevenson.  Grove  (1971)  interpreted a major 

p r o p e r t y  scale, gentle  secondary  warping  has a 60-degree  trend a t  Big 
Missouri   (Gal ley,   1981)  . 
R e g i o n a l   n o r t h - s t r i k i n g   f e a t u r e s  form  major  topographic  lineaments. One 
F a u l t i n g   w i t h i n   t h i s  terrane is  common on both   reg iona l   and  local scales. 

o f   t h e s e ,   t h e  Long Lake f a u l t ,   h a s  s t r a t a  down-dropped on the east  s ide .  
D i rec t ion   o f  movement a long  many of t he   f au l t s   has   no t   been   de t e rmined ,  
b u t  two nor theas t - t r end ing   f au l t   zones   have  l e f t  la teral  displacement   and 
one  major n o r t h w e s t - t r e n d i n g   f a u l t   h a s   r e l a t i v e   r i g h t  lateral movement. 

c u l t i e s   b o t h   i n   c o r r e l a t i n g   m i n e r a l i z e d   c h e r t - l i m e s t o n e   h o r i z o n s   a n d   i n  
Smal l - sca l e   f au l t i ng  i s  abundant   throughout   the area and creates d i f f i -  

e s t i m a t i n g   d i l u t i o n   f a c t o r s   f o r   o r e   r e s e r v e   c a l c u l a t i o n s .  

HINERALIZATIOU 

M i n e r a l   d e p o s i t s  of t h e  Salmon River   Val ley are ca t egor i zed   acco rd ing   t o  
t h e i r   s t r u c t u r a l   s e t t i n g s  as fol lows:  

( 1 )  Stra tabound  depos i t s   (?minera l ized   wal l rock   ve ins)  
( a )  S t ra tabound  d i sseminated   su lphide   depos i t s :  

B i g  Missouri  mine, Dag0 H i l l  p rospec t ,   P rov ince  East zone, 
C o n s o l i d a t e d   S i l v e r   B u t t e  Mines  Ltd. prospect ( ? )  

Creek  zone,  Martha  Ellen zone, Province  West zone, TBI-3 zone, 
Premier  NO. 3 zone,  Silbak  Premier mine ( ? )  

( b )  Stra tabound  mass ive   su lphide   depos i t s :  

( 2 )  Massive  sulphide  vein  deposits  in  major  shear  zones: 
Scot t ie  Gold  mine,   Prosperity/Porter  Idaho/Silverado  mines,  
Indian mine 

( 3 )  Quar t z /b recc ia   f i s su re   ve in   depos i t s :  

T i p  
Ou t l and   S i lve r  Bar, Lakeview,  Spider,  Unicorn No. 3, S i l v e r  

Premier  mine  and Conso l ida t ed   S i lve r   Bu t t e  Mines  Ltd. prospect with  any 
There is i n s u f f i c i e n t   d a t a   a v a i l a b l e   t o   c l a s s i f y  the impor tan t   S i lbak  

c e r t a i n t y .   G a l l e y   ( 1 9 8 1 )   p r o v i d e s   d e t a i l e d   d e s c r i p t i o n s   a n d   i l l u s t r a -  
t i o n s  of selected  examples of type la ,  l b ,  and 3 d e p o s i t s .  

The  abundance  and specif ic  minera logy   of   su lphides   d i s t inguish   the  two 
c a t e g o r i e s  of s t ra tabound  depos i t s .  However, bo th   can   occur   in   the  same 
area, as a t  the  Dag0 Hill prospec t .  The d isseminated   types   typ ica l ly  
ca r ry   h ighe r   g rades  of   go ld   and   s i lver  i n  p y r i t e ,  minor amounts of 
a s soc ia t ed   ga l ena   and   spha le r i t e ,   and   neg l ig ib l e   cha lcopyr i t e .  The 

190 



massive  sulphide  types have typical   polymetal l ic   volcanogenic   massive 

and   z inc   su lphides   wi th   accessory  hlt recoverable   precious  metals .  Both 
su lphide   meta l   concent ra t ions ,   tha t  i s ,  they  have  ore  grade  copper,  lead 

massive  sulphide  types  contain  angular   andesi te   f ragmen'x  and  underl ie  
s ty les  of minera l iza t ion   occur  i n  cher t -carbonate   l enses   (un i t  M); t he  

t h e   c h e r t y   m a t e r i a l .  In c o n t r a s t ,  i n  t h e   C a l c i t e  CUts showing  near Dag0 
H i l l ,  d i sseminated   su lphides   a re   d i s t r ibu ted   th rough  the  k.angingwal:l s i d e  
o f   t h e   c h e r t  but the  lower  half   of  the  chert-carbonate l e n s  i s  v i r t u a l l y  
barren.  

Wal l rock   ve ins   cu t   foo twal l   s t ra ta   o r   cu t   bo th   hangingwal l   and   foo twal l  
rocks  i n  an  area  of   s tacked  lenses .   Disseminated  coarse-grained  pyri te ,  

quartz-carbonate   veins .   I f   the   vein  densi ty  i s  high  enough,  the  wa:llrock 
g a l e n a ,   s p h a l e r i t e ,  and high  precious  metal   values  occur i n  blua-grey 

zone may c o n s t i t u t e   o r e .  

MASSIVE SULPHIDE VEIP DEPOSITS IN W O R  SH- ZONES 

These  deposits  have few f e a t u r e s   i n  common, but a l l  art?  hosted  within 
major faul t /shear   systems  cut t ing  through medium green  andesi te .  

shear  system  developed  within and on the   northern  wal l  of a major  :south- 
A t  S c o t t i e  Gold mine, o re -bea r ing   ve ins   a r e   d i s t r ibu ted  al.ong a conljugate 

m a s s i v e   p y r r h o t i t e  zone  up t o  5 metres  wide. This zone i s  symmetr-ically 
e a s t - t r e n d i n g   f a u l t .  The high-grade  gold  mineralizati 'sn  occurs i n  a 

bordered by swarms of  quartz-carbonate-pyrrhotite-base  metal   su ' tphide 
veins  which  envelope  wallrock  fragments  that   have  been  intensely 
h e m a t i z e d ,   s i l i c i f i e d ,  and carbonat ized   (Wi l l iams ,   persmal  commlnica- 
t i o n ) .  Both  the  massive  pyrrhotite  core  vein  and  the  bordering  vein 

been  produced  from t h i s   s t r u c t u r e .  
swarms bear   gold -- e n t i r e   s t o p e s  w i t h  up t o  60 grams gold per  tonne  have 

Average  production  grades  to 
September,  1982  have  been  17.5  grams  gold  per  tonne.  Overall  gold/silver 
r a t i o s   a r e   a b o u t  2 t o  1. 

Access t o  the  mine workings is  from an  adi t   developed i n  t he   s t eep  h i l l -  
s ide   ove r look ing  a m m i t  Lake,  and exp lo ra t ion  work has   ou t l ined  
addi t ional   ore   grade  mater ia l   both  above  and below the  present   rnining 
l e v e l s .  To the   sou theas t ,  t h e  minera l iza t ion  and the   shear  ,system 
fea the r   ou t ;   t o   t he   no r thwes t ,  toward  the a m m i t  Lake d i o r i t e   s t o c k ,   t h e  
shea r  and vein  cont inue k t  precious  metal   values  drop and base  metal 
grades of the  vein  increase.  

High-grade   s i lver   depos i t s   o f  the  Prosperi ty/Porter   Idaho mine a r e  4 
k i l o m e t r e s   s o u t h e a s t  of Stewart .   Mineral izat ion i s  1ocalj.zed i n  a : se r ies  
o f   a t   l e a s t   s i x   p a r a l l e l   s h e a r  zones. '%e shear  zones  trend 165 degrees ,  
d i p  60 degrees  westward,  and  are  roughly  175  metres  apart .  lb the  :south, 

w e s t   f a u l t  zone. lb t he  nor th ,  t h e  shears  a re   be l ieved   to   cont inue   under  
t h e   s h e a r s   t e r m i n a t e   a t ,  o r   a r e   d i s p l a c e d  by, a major   north-dipping  east-  

the  permanent  snowcap of m u n t  Rainey  for more than 2.5 k i lomet res   to   the  
S i lve rado  mine workings where sporadic  mine ra l i za t ion  i s  hosted by 
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p a r a l l e l   s h e a r   z o n e s  of i den t i ca l   o r i en ta t ion .   Mine ra l i za t ion   p inches  
and  swel ls  w i t h  the  width  of a shear   zone ,   resu l t ing  i n  well-mineralized 
z o n e s   t h a t   a r e  up t o  1 1  metres wide, 250 metres long,  and  extend  to a t  

mine ra l i za t ion .  The zones a r e  complex, c o n s i s t i n g  of one o r  t y p i c a l l y  
l e a s t  175   met res  d e p t h  where   o ld  mine  workings end,  s t i l l  in 

two central   massive  sulphide  bands  each  about  60 centimetres wide but  
loca l ly   converg ing  and swel l ing  to 2 metres i n  width.  This  massive 
su lph ide   co re  is composed of   argent i ferous  galena  and lesser s p h a l e r i t e ;  
i t  provided 29 000 tonnes of d i r ec t   sh ipp ing   o re   w i th  an  average  grade of 

massive  sulphide  veins   carr ies   an  average  grade of 686 grams s i l v e r   p e r  
2 500  grams s i lver   per   tonne   (Grove ,   1971) .  The wal l rock   ad jacent   to   the  

These   minera l ized   borders   cons is t  of in tense ly   sheared   count ry   rock   tha t  
tonne  over  typical  widths of  5 t o  6 metres on bo th   s ides  of the  vein.  

i s  al tered  to   quartz ,   buff   carbonate ,   abundant   manganese  oxide,  and 
su lphides .  Q r l y  mrkers repor ted  a m i n e r a l   s u i t e   c o n s i s t i n g  of  galena, 

p y r i t e ,   c h a l c o p y r i t e ,  and a r g e n t i t e .  Gold i s  conspicuous by i t s  absence 
s p h a l e r i t e ,   n a t i v e   s i l v e r ,  ruby s i l v e r ,   f r e i b e r g i t e ,  and  minor  amounts of 

i n  t h i s   d e p o s i t  -- t y p i c a l   a s s a y s   a r e  0.17  grams  gold  per  tonne. 

A t  the   Indian mine, mine ra l i za t ion  is loca l i zed  i n  p a r t  of a major, 
ver t ica l ,   155-degree- t rending   shear  and f a u l t  zone.  Mineralization 
exposed i n  t he  dumps, t renches,  and o l d   m r k i n g s   c o n s i s t s  of massive, 
f i n e  to   coarse-gra ined   ga lena  w i t h  minor  amounts of p y r i t e  and 
spha le r i t e .   Quar t z   w i th  minor  amounts of carbonate  and c h l o r i t e   a r e  
gangue  minerals. The su lphides  are banded  and b recc ia t ed  -- f e a t u r e s  

Major s l i c k e n s i d e   s u r f a c e s   a r e   e x p o s e d   a t  the Galena Cuts zone  where 
t h a t   a r e   a t t r i b u t e d   t o   p o s t - m i n e r a l i z a t i o n  movement a long   t he   f au l t   zone .  

mass ive   su lphide   minera l iza t ion  is 3 metres wide. The  mine produced 

tonne, 4.4 per  c e n t  lead, and 5.5 per cent   z inc  (Grove,   1971) .  &so 
13 000 tonnes  of  ore  grading 120  grams s i lve r   pe r   t onne ,  3 grams gold  per  

Minerals Canada t r a c e d   t h e   f a u l t  s tructure f o r  more than 1 200 metres 
north of the mine workings (McGuigan, personal  communication). 

QUART?i/BRECCIA FISSURE VEIN DmOSITS 

Deposi ts  of th i s   type   a re   abundant  i n  t he  Salmon River  Valley  but  have 
low tonnage   po ten t i a l  and  consequently  are  of  lesser  economic  importance.  
The ve ins   cu t   vo lcanic ,   sed imentary ,   and   in t rus ive   rocks ,   thus   they  
r ep resen t  a very   l a te -s tage   minera l iz ing   event .  

The v e i n s   c o n s i s t   p r i m a r i l y  of quar tz   bu t   car ry   angular   wal l rock   f rag-  
men t s   p lus   s ca t t e r ed   coa r se   c rys t a l s  and fine-grained  blebs  and  pods  of 
sulphide  minerals.   Wallrock  fragments  within  the  veins  are commonly 
s i l i c i f i e d ,   b u t   v e i n   w a l l s   a r e   s h a r p   w i t h   l i t t l e   o r  no s i l i c i f i c a t i o n  of 

e u h e d r a l   c r y s t a l s  and a s   c r y s t a l   a g g r e g a t e s  of p y r i t e ,   s p h a l e r i t e ,  
the  wallrock.  Drusy vugs a r e  common. Sulphide minerals   occur   as  

ga l ena ,   cha lcopyr i t e ,   cha lcoc i t e ,  and f r e i b e r g i t e ;   t h e r e  i s  minor 
a s s o c i a t e d   n a t i v e   s i l v e r .  Ihe su lph ides   a r e   t yp ica l ly   concen t r a t ed   nea r  
t h e   c e n t r e  of the quar tz   ve in  and s u l p h i d e   c r y s t a l s  may be  up t o  3 
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cent imet res   across .   lhese   ve in   depos i t s  were extensively  prospected  and 

va lues   i n   t he   su lph ides  where f i s s u r e   v e i n s   i n t e r s e c t  a s t ra tabound,  
l o c a l l y  mined fo r   t he i r   s i l ve r   con ten t .   Ga l l ey   (1981)   r epor t s   go ld  

gold  i n  the  Si lver   Tip  workings.  
sulphide-bear ing  cher t - l imestone  horizon,  and  Grove ( 1  9’71) noted free 

EXPIDRATIOU 

A l l  the   minera l   d i scover ies  i n  t he   r eg ion   can   be   a t t r i bu t ,%d   t o   i n t ens ive  
prospect ing.  The recent   d i scovery  of  a prec ious   meta l   depos i t  by 5 s o  
‘Minerals Canada on the   Consol ida ted   S i lver   But te  Mines  Ltd. property 
(Northern  Miner, November 4, 1982)  resulted from a n  aggress ive   t renching  
program. ate showing  area  has  widespread,  pervasive sericitic a l t e r a t i o n  
with  zones of abundant   barren  pyri te   mineral izat ion  which had  been 
trenched and  sampled by previous  workers. 

The general   sequence  of  exploration  programs  in the region  can be 
summarized as   fol lows:  

( 1  ) Regional  reconnaissance mapping to   loca te   b leached   and   a l te red  
andes i t ic   vo lcanic   rocks ,   cher t -carbonate   zones ,   o r   su lphide  
mine ra l i za t ion   i n   ve ins   o r   f r ac tu re s .  

( 2 )  Detailed  follow-up mapping  and prospect ing.  

( 3 )  In tens ive   t renching  and sampling. 

(4) Tightly  spaced  diamond-dril l  holes .  

zones  with  moderately  encouraging  results  (Dykes,  personal communica- 
Geophysical  test   surveys  have  been  completed  over  stratabound  mineralized 

t ion),   Electromagnetic  surveys  produce  anomalous  responses  over  the 
massive  sulphide  zones  but  abundant  minor  faulting  “hat is common 

produces anomalies and f a u l t  offsets d i s r u p t  the  c0ntinuit.y  and i n t e n s i t y  
th roughout   the   a rea   c rea tes   p roblems.   Water -sa tura ted   fau l t  gouge 

of  the  anomalous  response  from a conductive  massive  sulphide lens .  
Induced   po lar iza t ion  shows  more  promise as a n  explora t ion   too l   because  it 
appears   to   discr iminate   between  s t ra tabound  disseminated  sulphide  zones 
(strongly  anomalous)  and  zones  of  disseminated  pyrite i n  t.he a l t e r e d   h o s t  

p o l a r i z a t i o n   s u r v e y s  i n  t h i s  rugged  terrane would be  prohi .bi t ive,   but   the  
rocks  (moderately  anomalous).  The c o s t  of  reconnai,ssance  induced 

technique   might   be   appl ied   e f fec t ive ly   over   smal l   g r ids  as a pre lude   to  
t renching i n  areas  of  widespread  or  deep  overburden. 

GENESIS 

The v e i n   d e p o s i t s  of t h e   a r e a   a r e   c l e a r l y   e p i g e n e t i c ,  but. the  process  of 
formation of the s t ra tabound  depos i t s  is less obv ious .   S t r a t ig raph ic  
r e l a t ionsh ips   sugges t   t ha t   t he   che r t - ca rbona te   l enses   a r e   synvo lcan ic .  A 
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vo lcan ic   exha la t ive   genes i s   can  be  argued  for  the  banded  massive  sulphide 

a t i o n  of  disseminated  precious  metal-rich  stratabound  deposits may be 
lenses which  have  'normal'  precious  metal  concentrations  but  the  forma- 

more  complex. 

c(MIcLus10Iss 

The  Salmon River  Valley i s  one  of the   mos t   ac t ive   explora t ion   a reas  i n  
B r i t i s h  Columbia  and r ep resen t s  a d i s t i nc t   me ta l logen ic   p rov ince  i n  t he  

s e t t i n g s   b u t   a l l   t h e   m a j o r   d e p o s i t s  are hos ted   wi th in   one   th ick   andes i t ic  
region.  The prec ious   meta l   depos i t s   occur   in  a v a r i e t y  of s t r u c t u r a l  

u n i t  i n  a d i f f e ren t i a t ed   vo lcan ic   s equence .  The d e p o s i t s  can be 
c l a s s i f i e d   a c c o r d i n g   t o   t h e i r   g e o l o g i c   s e t t i n g   a s  ( 1 )  s t ra tabound 
d e p o s i t s  of  undetermined  origin  and ( 2 )  ep igene t i c   ve in   depos i t s .  Major 
explorat ion  programs and prospec t   eva lua t ion   a re   expec ted   to   cont inue  
throughout   the   be l t  i n  1983. 
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HAPPING OF SILICA OCCUEREUC!ES IN BRITISE COLUMBIB 

By 2. R. Bora 

This p r o j e c t  was s t a r t e d   i n  1981  and cont inued  during  the 1982 f i e l d  

examined   for   in format ion   on   s ize   and   qua l i ty :  
season. The fo l lowing   proper t ies   no t   inc luded  i n  the 1981 survey were 

( 1 )  QUARTZITE U N I T S  

EX (82E/3E,  49°00.5'-119006') 

About 5 ki lometres   southwest  of Ez idesv i l l e   f i ne -g ra ined   che r ty  
q u a r t z i t e   c r o p s   o u t  on severa l   smal l   knol l s   over   an   a rea  200 metres 
by  100 metres. Ihe q u a r t z i t e  i s  most ly   massive  but   has   local   quar tz  
cemented  breccia  zones. The surrounding  rocks  are  dominated by 
p h y l l i t i c  slate; however, s i l iceous  bands  and,  less commonly, zones 
of f ine-grained  massive  greenish  grey  volcanic   rock  occur .  The 
rocks   a r e   pa r t  of the  Permo-Triassic  Anarchist  Group. 

WIN (930/2W, 55°02'-122054') 

white   rock,  i s  150 metres wide and  has been t r aced  for about 700 
The q u a r t z i t e  from t h i s   p r o p e r t y ,  which is a medium grained  buff  to 

metres a l o n g   t h e   s t r i k e .  It c r o p s   o u t   i n   t h e   n o r t h e r n   p a r t  of t he  
s u m m i t  of b u n t  Chingee.   approximately  15  ki lometres   southeast   of  
t h e  Hart Highway between Fort McLeod and  Mackenzie.  Numerous 
coarse-grained,   massive  white   quartz   veins  of vary ing   wid ths   tha t  
s t r i k e  mainly  north-south  cut the q u a r t z i t e .  Ihe surrounding  rocks 
are b l a c k   s l a t e s  and brown schistose  greywacke of the  Cambrian ( ? )  
Misinchinka  Group. 

NONDA QUARTZITE (94H/14W, 53O57"12l027' 1 

About  100  kilometres  east  of P r i n c e  George a th i ck  band of pure 
wh i t e   o r thoqua r t z i t e   c rops   ou t   app rox ima te ly  3 kilometres   north  of  
t h e  town of Longworth on t h e   n o r t h   s i d e  of the  Fraser   River .  The 
q u a r t z i t e  is massive and c o n s i s t s  of  well-sorted,  well-rounded 
q u a r t z   g r a i n s   i n  a s i l i ceous   ma t r ix .  ltvo para l l e l   bands ,   each  100 
to 250 metres th i ck ,   a r e   s epa ra t ed  by a  300 t o  500-metre-thick 

but   do lomi te  is a l s o  present .  Outcrops of t he  lower  band l i e   a t  
sequence  of carbonate  rocks. The carbonates  a r e  mainly  limestone, 

e leva t ions   be tween 1 000 to 1 150 metres, while   the  higher   band is 
exposed   in   the   upper   par t  of the slope  between 1 300 and 1 650 
metres. Outcrops  occur   for   several   k i lometres .  The q u a r t z i t e  is 
p a r t  of t h e   S i l u r i a n  Nonda Formation. 
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ROUNDTOP MOUNTAIN (93A/14E,  52°55'-121018') 

A 300 t o  500-metre-wide q u a r t z i t e  band extends i n  a northwest- 
s o u t h e a s t   d i r e c t i o n  from  Roundtop  Mountain i n   t h e  Car'iboo  Lake area.  

of well-rounded  grains.  I t  is  white   to   buff-weather ing w i t h  mica 
The q u a r t z i t e  i s  predominantly medium to   f i ne   g ra ined  and c o n s i s t s  

k i lomet res   a long   s t r ike ,   mos t ly   a t   e leva t ions   be tween 1 OClO and 
f l a k e s  on f o l i a t i o n   p l a n e s .  The  band c o n t i n u e s   f o r   a t   l e a s t  15 

1 700 metres. The q u a r t z i t e  i s  p a r t  of t he  Hadryniarh/Cambrian Yanks 
Peak  Formation. 

YANKS PEAK (93A/14W, 52'51'-121°26') 

A folded  band  of  massive,   white,   f ine-grained  quartzite  crops  ,out on 
Yanks Peak, 1 2  ki lometres   northwest  of Cariboo Lake.  The  rock is 
composed of wel l -sor ted and  rounded  quartz  grains i n  a s i l i c e o u s  
ma t r ix ;   t i ny   f l akes  of muscovite  occur  rarely.  lhe q u a r t z i t e ,  which 
is  exposed  over  the  area of approximately 300 metres by 500 m*stres, 
is apparently  Hadrynian ( ? ) .  

MARYSVILLE (82G/12W, 49°36'-115057') 

exposed i n  t he  P e r r y  Creek  area, 2 ki lomet res  south of  Marysville. 
Medium to   coa r se -g ra ined   mass ive   qua r t z i t e  90 t o  100 metres th i ck  is 

White and l i g h t  p ink   rocks   tha t   cons t i tu te   the   upper   par t  of the 
The range of q u a r t z i t e   c o l o u r s  is from white   to   green and brown. 

q u a r t z i t e   s e q u e n c e   c o n s i s t  of well-rounded,  moderately  sorted  grains 
i n  a s i l i ceous   ma t r ix .  The q u a r t z i t e  is part of the Calnbrian 
Cranbrook  Formation. 

( 2 )  DYKE AND VEIN OCCURRENCES 

SWAN (82E/12W, 49°43'-119054'1 

Quartz on this property forms part  of a pegmatite body that is  
exposed   in   sca t te red   ou tcrops ,   road   cu ts ,  and trenches  over  an  area 
of approximately 60 metres by 120 metres. The proper ty  lies 27 
kilometres   northwest   of  Summerland a t  an e l eva t ion  of 1 475 metres. 
The shaving is  on a s teep   nor theas t - fac ing   s lope   and   the   ver t ica l  
exposure of the  pegmatite body is approximately 75 metres.   In 
exposed  areas ,   pure   quartz   const i tutes   approximately 25 per c e n t  of 
t he   pegmat i t e  body; t h e   r e s t  is e i ther   contaminated  by muscovite  (10 
pe r   cen t ) ,   i n t e rg rown   wi th   f e ldspa r   (55   pe r   cen t ) ,   o r  composed  of 
massive  feldspar (10 per cen t ) .  

FS (82L/13W,  50°49"1 19'49' ) 

A milky  white  quartz  vein  crops  out  in two loca t ions  on Ni scon l i th  
Creek ,  approximately  10  kilometres west of the town of Chase. A 
white  massive  quartz  vein from 3.5 t o  15 metres  wide, wh:.ch is 
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exposed  over  the  length  of  about  110  metres,  comprises  the  southern 
ou tc rop   o f   t he   no r th - sou th - s t r ik ing   ve in .   Occas iona l ly ,   c rys t a l s  
deve loped   t ha t   a r e  up t o  30 centimetres  long  and  15  centimetres i n  
diameter.  The q u a r t z i t e   i n   t h i s   a r e a  i s  q u a r r i e d   f o r   i n d u s t r i a l  
uses .  The northern  outcrop is  about 400 metres  from  the  southern 
outcrop.  The outcrop is dome shaped  and c o n s i s t s  of l e u c o c r a t i c  
g r a n i t i c  rock m t  by quartz  stockwork  veining  and a ZO-metre-wide 
qua r t z   ve in .  The outcrop is  120 metres  by 200 metres.  

CAMPANIA ISLAND (103H/3W, 53O05'-129'25') 

w e s t   s i d e  of  Campania I s land ,   about  1 k i lome t re  from the   coas t .  'Ihe 
The s i l i c a   p r o s p e c t  is 160  kilometres  south  of  Prince  Fupert on t h e  

main  showing i s  a quartz  outcrop  105  metres by 35 metres i n  s i z e  

ponent  i s  milky w h i t e  quartz;   occasional   f ragments  of g r a n i t i c   h o s t  
t h a t   r i s e s  20 metres  above  the  surrounding  terrane.   "ne main com- 

rock occur  along  the  southern and northern  margins   of   the   quartz  
exposure .   Grani t ic   inc lus ions   a re   es t imated   to  be less than 5 p e r  
cen t .  A s m a l l e r ,   p a r a l l e l   q u a r t z  vein i s  exposed 160 m e t r e s   e a s t  of 

and is  apparent ly  1 0  metres i n  width. 
t h e  main showing. lhe vein i s  exposed in three  north-south  outcrops 

BANKS ISLAND (103G/8E,  53"28'-130°02') 

A number  of outcrops  of   pure   white   quartz   occur   near   Patsy Cbve 
sou th  of  Prince  Fupert. The m t c r o p s   a r e   p a r t  of a no r theas t ly  
t r end ing  body t h a t  is  a t  l e a s t  20 t o  30 metres wide. A t  the   south-  
western  end  of   these  outcrops  the  quartz  i s  exposed i n  a 10-metre 

q u a r t z  body is  i n   C o a s t   g r a n o d i o r i t e   i n t r u s i o n s ,   b u t   t h e   c o n t a c t  is  
c l i f f .  The q u a r t z  i s  massive,   coarse  grained,  and  milky  white.  'Ihe 

not  exposed so its real s i z e  and o r i e n t a t i o n   a r e   u n c e r t a i n .  

GLACIER CREEK (103P/13W,  55O59'-129'55') 

p l a r t z   v e i n s  3 t o  9 metres wide are repor ted  from s e v e r a l   o l d  
p r o p e r t i e s   a b o u t  5 k i lome t re s   no r theas t  of Stewart .  cXlr recon- 
naissance  s tudy  concentrated on v e i n s   i n t e r s e c t e d  i n  m n w e l l  Mines 
Limited No. 4 a d i t  and i n  t h e   S i l v e r  Princess a d i t   n o r t h  of  Glacier 
Creek. However, ve ins  i n  t h e   a r e a  are zones of predominantly 
q u a r t z - a r g i l l i t e   b r e c c i a ,   r a t h e r   t h a n   p u r e   q u a r t z .  

MORRIS SUMMIT (104B/lE.  56°13'-130005') 

' A  huge qua r t z   l ode '  was r e p o r t e d   a t  a s i t e  110 metres nor th  of 
S c o t t i e  Gold Mines Ltd . ' s  1 097 m e t r e   a d i t   a b o u t  35 k i lomet res   nor th  
of Stewart .  'Ihe exposure   cons is t s   o f   quar tz   ve in   b recc ia  w i t h  many 
al tered,   rusty  orange  rock  f ragments .  
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MAPLE BAY (103P/5W, 55°25'-130000') 

This   area  provided a s ign i f i can t   t onnage  of quar tz   f lux  for the  
Anyox smel te r   dur ing   the   years  of i t s  a c t i v i t y .  Maple Bay is 

sou th  of Stewart.  Nine major ve ins   c rop   ou t   ea s t  and  northceast of 
l oca t ed  on the  east  shore of Portland  Canal  about 56 k i lomet res  

Maple Bay; they  contain  variable  amounts  of  sulphides.  m e   F r i d a y  
ve in   occurs  25 ki lomet res   nor th  of  Maple Bay, about:  500 metres  from 

5 metres wide  and is a t  least 50 metres  long. 
t h e   s h o r e l i n e .  It c o n s i s t s  of coarse-grained, milky quar t z ,  is 4 t o  

Fieldwork was c a r r i e d  out  by 2. D. HOra and Jenn i f e r  P e l 1  wi th   Gaor i e l l e  
Su t ton   a s  a f i e l d   a s s i s t a n t .   A n a l y s i s  of da t a   co l l ec t ed   du r ing   t he  
summer is c u r r e n t l y  i n  progress .  
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O T H E R   I B V E S T I G A T I O N S  

RECENT MINERAL RESOURCE ASSESSMENT STUDIES m BRITISH COLUMBIA. 

By K. E. Northcote 
K. E.  Northcote  L Associates  Ltd. ,   Agassiz,   Brit ish  Columbia 

W. R. Smyth and H. R. Schmitt 
and 

B.C. Min i s t ry  of  Energy,  Mines  and  Petroleum  Resources 

INTRODICTIOU 

A number of   minera l   resource   assessment   s tud ies  were undertaken  in  1982 
t o   a s s i s t  government  planning  and  decision  making on land  use  i .ssues.  
They were conducted i n   r e s p o n s e   t o   s p e c i f i c   r e q u e s t s  from  Iands,  Parks 
and  Housing t o  create provinc ia l   parks ,   and  from Forests and  Municipal 
Affa i r s   for   coord ina ted   l and   use   p lanning   programs.  The aim of t h e  
s t u d i e s  was t o   i d e n t i f y  areas f avourab le   fo r   mine ra l   depos i t   d i scove r i e s  
and t o  e n s u r e   t h a t   t h e   p l a n n i n g  process does   no t   a l iena te   such  areas from 
exploration  and  mining. Summaries  of four  assessments are presented  
because  they  might  be  of  use to t h e   e x p l o r a t i o n   i n d u s t r y   i n   i d e n t i f y i n g  
a n d   r a t i n g   e x p l o r a t i o n   t a r g e t  areas. Figure  68 also shows t h e   l o c a t i o n  
o f   o t h e r   p l a n n i n g   a r e a s   f o r  which  assessment   reports  are i n   p r e p a r a t i o n .  

A l l  t h e   s t u d i e s  were o f f i ce -based   and   ca r r i ed   ou t  by K. E. Northcote 
unde r   con t r ac t  to the   Min i s t ry  of Energy, Mines  and  Petroleum  Resources. 
S ince   the i r   comple t ion ,  two of  us (W. R. Smyth and H. R. Schmi t t )   jo ined  

r e p o r t s  w i l l  be   re leased  as open f i l e s   a f t e r   t h e y   h a v e   k e e n   s u b m i t t e d   t o  
t h e   M i n i s t r y  and  have  revised  and  added  to   the  or iginal   reports .  The 

the  planning teams. 

METHODS 

M i n e r a l   p o t e n t i a l  assessments of the   p lanning  areas are q u a l i t a t i v e .  
M i n e r a l   p o t e n t i a l   r a t i n g s   r a n g i n g  from high ( 1 )  t o  l o w  (5) were ass igned  
t o   t h e   d i f f e r e n t   g e o l o g i c a l   u n i t s   o r   p a c k a g e s  i n  a s tudy area., The 
rat ing  of   each  package was based on the   occur rence  csf known rnineral 
depos i t s   and  i ts  pe rce ived   po ten t i a l   fo r   hos t ing   und i scove red   mine ra l  
resources .  lhe types  of m i n e r a l   d e p o s i t s   t h a t  may be  found are d i scussed  
in   t he   t ex t  and t h e i r   p o t e n t i a l   v a l u e s   e s t i m a t e d .  

P a r a m e t e r s   u s e d   t o   c l a s s i f y   m i n e r a l   p o t e n t i a l   i n c l u d e :  

( 1 )  Favourable   geological   environments   for   mineral izat ic 'n .  

(2 )   P roduc t ion   h i s to ry  of p r o p e r t i e s  i n  t h e  area a n d / o r   i n  similar 
geologic  environments  elsewhere. 
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F i g r r e  69. GaoIoq of  C h i  iko Lake Deferred  P lanning  Area.  
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ROCK UNITS OCCURRING IN 
CHILKO  LAKE  D.P.A. 
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( 3 )  Known minera l   occur rences ,   regard less  of p r e s e n t  economic v i a b i l i t y ,  
because: 

( b )   m i n e r a l i z a t i o n  i s  three-dimensional;   higher  grade  mineraliza- 
( a )  overburden may cover   the  best   mineral ized  zones 

t i on  may occur a t   d e p t h  

( 4 )  Pas t  and p resen t   min ing   exp lo ra t ion   ac t iv i ty ;  this is shown  by the  
nunber  and  location of present  and  former  mineral  claims, Crown 
g ran t s ,   p l ace r   l ea ses ,   e t c .  

The s i z e  of known and p o t e n t i a l   d e p o s i t s  i n  e a c h   r a t i n g   c l a s s  is 
expressed on t h e   b a s i s  o f   e s t ima ted   t o t a l  v a l u e  of contained  metal .  
C l a s s i f i c a t i o n s   a r e   a s   f o l l o w s :  ( A )  l a r g e   ( g r e a t e r   t h a n  $1 b i l l i o n ) ;  
(B) medium ($50 m i l l i o n   t o  $1 b i l l i o n ) ;  ( C )  small  ($1  m i l l i o n   t o  $50 
m i l l i o n ) .  

Each report inc ludes   the   fo l lowing:  

( 1 )  A geological   compilat ion map a t  1 : 250 000 scale or  smaller. 

( 2 )  A mineral   occurrence map cons t ruc ted  from the   Min i s t ry ' s  MINFILE, 
which  categorizes   occurrences  according to s i z e  and type  of  minerals 
p re sen t .  

( 3 )  A map showing t h e   d i s t r i b u t i o n  of minera l   c la ims   tha t   a re  i n  good 
s tanding. 

( 4 )  A minera l   po ten t i a l  map. 

(5 )  A b ib l iography  of   reg iona l  and  economic  geology  reports  for  the 
s tudy   a rea .  

(6) A d i scuss ion  of the  geology of the  area  with  emphasis  on  major map 
u n i t s ,   s t r u c t u r a l   f e a t u r e s ,  and geologica l   envi ronments   perce ived   to  
have   meta l logenic   s ign i f icance .  

(7) A d i scuss ion  of t h e  po ten t i a l   t ypes   o f   mine ra l   depos i t s   expec ted   i n  
each  uni t  and es t imates  of t h e i r   p o t e n t i a l   v a l u e s .  

( 8 )  &pending on the o p t i o n s   a v a i l a b l e   t o   t h e   p l a n n i n g  team, recommen- 
da t ions   for   fu ture   f ie ldwork .  

CHILKO lAKB PLANNING AREA (92N. 0)  

INTRODUCTION 

The o l i l k o  Lake Deferred  Planning Area (DPA on f i g u r e s )   l i e s   a t   t h e  
eas t e rn   edge  of the  Coast  Range approximately 240 k i lomet res   nor th  of 
Vancouver  and 150 kilometres  southwest  of  Williams Lake (F ig .  68) .  The 
a rea   ex tends  from St ikelan  Creek on the  west  to Taseko  Lakes on t h e   e a s t  
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69) .  It encompasses more than  2 000 square   k i lomet res  wit'o parts access- 
and  from the   no r th  end of  Chilko Lake southward to S tan ley  Peak (Fig.  

ib le  by g rave l   road  from t h e   C h i l c o t i n  Highway to the  nort:h. 

GEOLOGY 

Complex on the   southwest   and the Intermontane Belt on the   nortk,east .  
The planning area straddles  the  boundary  between  the Coast P lu ton ic  

Tipper (1969,  1978)  and Woodsworth (1977) .  The Intermont,Ine Belt i.n t h e  
F igure  69 is  a compilation  of  the  geology of the   p lanning  area a f te r  

area c o n s i s t s  of  three,   northwest-southeast-trending,  fault-bounded 
blocks  of Triassic to  Cretaceous  sedimentary  and  volcanic  rocks.  
Andes i t i c   f l ows   and   a s soc ia t ed   t u f f s   and   b recc ia s   cons t i t u t e   t he   bu lk  of 
the   vo lcanic   rocks   and   these  are i n t e r c a l a t e d   w i t h   w a t e r l a i n   t u f f s ,  
s i l t s t o n e s ,   s h a l e s ,  minor  sandstone,  and  carbonate  rocks.  These are 
unconformably  overlain by s c a t t e r e d   o u t l i e r s   o f  Miocen'e  and  Pli.ocene 
p la teau   lavas .   P lu tonic   rocks   emplaced   in   Cre taceous   and   Ter t ia ry  times 
are  g r a n o d i o r i t e ,   q u a r t z   d i o r i t e ,  and d i o r i t e .  They  form the  main mass 
o f   t h e  Coast MDuntains  and l i e  mainly  southwest   of   the   s tudy  area.  How- 
ever ,   throughout   the area related  dykes,   s tocks,   and si l ls  i n t r u d e   t h e  
volcanic  and sedimentary  rocks.  

MINERALIZATION 

and  sedimentary  rocks a t  or close to p l u t o n i c  contacts and wi th in   t he  
Most of t h e  known mineral  occurrences (Fig.  70)  are  found i n   v o l c a n i c  

p lu tons .  A s ign i f icant   porphyry- type  copper-molybdenum prospec t  is 
hos t ed  by a g ranod io r i t e   i n t rus ion   and   ad jacen t   vo lcan ic  roclcs a t  
Tchaikazan  River i n   t h e   s o u t h e a s t   p a r t   o f   t h e   p l a n n i n g  area. The 
v o l c a n i c   r o c k s   s t r u c t u r a l l y  above t h i s   p l u t o n  are c u t  by qua r t z   ve ins  
t h a t   h o s t   f r e e   g o l d  and t e l l u r i d e   m i n e r a l s .  These ve ins  were d iscovered  
by H. Warren i n  1945  and  have  been  re-examined  and c . r i l l e d  on many 

kilometres s o u t h e a s t  of the lkha ikazan   proper ty ,   cons is t s  of pyrite, 
occas ions   s ince .  The Pellaire prospec t   (F ig .   70) ,   loca ted   about  7 

q u a r t z  v e i n s   t h a t   c u t  a g r a n o d i o r i t e   i n t r u s i o n .  
cha lcopyr i t e ,   go ld ,   s i l ve r ,   and   bo rn i t e   mine ra l i za t ion   i n   sha t t e red  

A number of molybdenum and  tungsten  occurrences  have  been known s i n c e  
1910 a t  the  northwest  end  of  Franklyn A r m  of  Chilko Lake. Skarn-type 
mine ra l i za t ion   occu r s   i n   T r i a s s i c   l imes tones  and  limy  sedimentary  rocks 
nea r   con tac t   w i th   g ranod io r i t e   i n t rus ions .  The best known is  t h e  IXisie 
p r o s p e c t  (92N/Zb, Fig.   70)   which  contains   chalcopyri te ,   pyrrhot i te ,  
molybdeni te ,   s i lver ,  and s c h e e l i t e   m i n e r a l i z a t i o n .  

MINERAL DEPOSIT MODELS AND MINERAL POTENTIAL RATINGS 

Seve ra l   geo log ic   env i ronmen t s   i den t i f i ed   i n   t he   p l ann ing  area are 
f avourab le   hos t s   fo r  a v a r i e t y  of   mineral   deposi ts .  
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,". 

F i g r e  10. Minera l   occurrences o f  C h i i k o  Lake Deferred  Planning  Area. 
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( 1 )  Porphyry  Copper-Molybdenum  (Gold)  Deposits 

porphyry-type prospec ts  tha t   occur  i n  geo log ica l ly   s imi l a r  environ- 
Based on the  Tchaikazan River  prospect and the  prssence of o the r  

ments   ad jacent   to   the   a rea ,   par t s  of the  s tudy  area are judged t o  
have  high  potent ia l   for   porphyry-type  deposi ts .  The Fish Lake 
depos i t ,  6 k i lomet res   to   the   nor theas t  of the  s tudy  area,   contains  
180 000  000 tnnnes of  0.25 per c e n t  copper and  0.51  grams gold per 

me t re s   t o   t he   ea s t ,   con ta ins  170 000 000 tonnes  of 0.34 p e l ?  cen t  
tonne  (Wolfhard,  1976) and the Poison   munta in   p rospec t ,  56 k i lo -  

copper and  0.016 per  c e n t  molybdenum,  and 0 . 3 4  gram  gold  per tonne 

type   minera l iza t ion   a re   wi th in ,   a t   the   margins ,  and ad jacen t   t o  
(Seraphim and Painboth,  1976) . m e  most l ike ly   a reas   for   porphyry-  

pos t - t ec ton ic   i n t rus ions .  I n  the   s tudy   a rea ,   un i t s   d i sp lay ing   these  

h i g h e s t   a s s i g n e d   i n   t h e   a r e a .  
c h a r a c t e r i s t i c s  have  been  assigned a 2B r a t i n g   ( F i g .  7 1 ) .  the 

F l y r e  71. M i n e r a l   p o t e n t i a l  of Chi Iko Lake Deferred Planning Area. 
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( 2 )  Gold-Silver  Epithermal Ve in  k p o s i t s  

The Warren-Charlie  prospects on 'Ehaikazan  River  are  examples  of 
ep i thermal   go ld-s i lver   ve in   depos i t s   re la ted   to   in t rus ions  of t he  
Coast   Plutonic  Complex. Prec ious   meta l   ve in   depos i t s  of volcano- 
g e n i c   o r i g i n   a r e  i n  ca l c -a lka l i c   vo lcan ic   s equences   i n   o the r   a r eas ,  
p a r t i c u l a r l y   c l o s e   t o   f a u l t s  and s i l i c e o u s   v o l c a n i c   c e n t r e s .  Most 
of   the   s tudy   a rea  i s  under la in  by volcanic   rocks   wi th   th i s   favour-  
able   geologic   environment   but  because occurrences of t h i s  t y p e  are 
unknown i n  t he   a r ea ,   t hese   un i t s   a r e   a s s igned  a moderate ( 3 8  OK 3C) 
p o t e n t i a l .  

The Alexis  occurrence,   located on the  west s i d e  of  Chilko Lake 
(F ig .  7 0 ) .  is a l imon i t i c   b recc i a   s t a ined   w i th   ma lach i t e  i n  vo lcanic  
rocks   c lose   t o  a major   faul t .  The t r a c e  of t h e   f a u l t  zone i s  
ass igned  a moderate ( 3 B )  po ten t i a l   fo r   p rec ious   me ta l   ve in   depos i t s  
(F ig .  7 1 ) .  

( 3 )  Skarn Deposits 

Areas   containing  carbonate-r ich  rocks  have  moderate   potent ia l   for  
discovery of addi t iona l   copper ,  molybdenum, t u n g s t e n ,   s i l v e r ,  and 

o u t s i d e  of the  Franklyn A r m  a r e a   e x i s t i n g   g e o l o g i c a l  maps do no t  
gold contact   metasomatic   deposi ts  of t h e  Daisie type. However, 

Consequently  only  the  Franklyn A r m  a r ea  is assigned a high ( 2 C )  
r e p o r t   o t h e r   a r e a s  of l imestone i n  p rox imi ty   t o   i n t rus ions .  

p o t e n t i a l .  

( 4 )  Others 

Areas of lkr t iary volcanic   rocks   a re   ass igned  a  low ( 4 )  mineral  
potent ia l .   Environments  may ex i s t   fo r   ep i the rma l   ve in   depos i t s  or 
fo r   basa l - type  uranium d e p o s i t s   a t   e r o s i o n a l   u n c o n f o r m i t i e s  below 

environments may a l s o  e x i s t  for   Car l in- type  gold d e p o s i t s  a s soc ia t ed  
the   vo lcan ic  rocks but  no such   depos i t s  a r e  known. S u i t a b l e  

w i t h  carbonate-bearing  sequences.   There i s  no i n fo rma t ion   t o  
s u p p o r t   t h i s   p o s s i b i l i t y   b u t  i t  should  be  borne i n  mind while 
conduc t ing   mine ra l   exp lo ra t ion   i n   t he  area. 

KAKWA PLAMlING AREA (93H, I) 

INTRODUCTION 

The Kakwa Planning  Area,   located  along  the  eastern  slope of t he  Rocky 
Mountains, is bounded on t h e  east by the  Alberta  border  and on the   south  
and west by the   d ra inage   d iv ide   be tween  the   Arc t ic   and   Pac i f ic   d ra inage  

r o a d   b u i l t  i n  1982 t o   g a i n   a c c e s s   t o  a q u a r t z i t e   p r o s p e c t   a t   B a b e t t e  Lake 
system (Fig.  68). The area  covers   approximately 33 750 hec tares .  A 

mounta ins ,   g lac ie rs ,   and   rockwal l s   in te rspersed   wi th  wooded va l l eys  and 
i s  the  only road   i n to   t he   a r ea .   l be   a r ea  is cha rac t e r i zed  by high  rugged 

s m a l l   g l a c i a l   l a k e s .  

208 



GEOLOGY 

The planning area lies wi th in   t he  Rocky Mountain  Fold  and  'I'hrust Belt and 
i s  cha rac t e r i zed  by a thick  sequence of Late Precambrian t o  rawer 
Cretaceous  miogeocl inal   and  platformal   carbonate   and c las t ic  rocks 
(F ig .  72)  . The clast ic   rocks  include  conglomerates   thrcugh  sandstones 
a n d   q u a r t z i t e s ,   a n d   s i l t s t o n e s   t o   s h a l e s  and a r g i l l i t e s   w i t h  some 
carbonaceous  and  coaly members in   the  upper  part of t h e  sequence. The 
carbonate  rocks  range from ca lca reous   sha l e s   t o   sha ly   l imes tones ,  and 
massive limes tones   to   do lomi tes .  The rock u n i t s  have  been  compressed  and 
d isp laced   nor theas tward  by a series of t h r u s t   f a u l t s .  

poor access and par t ly   because  the  geology is  known only on a r eg iona l  
Exploration  companies  have  not  been ac t ive  i n  t h e  area, pactly  because  of 

b a s i s  from reconnaissance mapping by the   Geologica l  SVcvey of Canada 

geology  appears to be   t yp ica l   o f   t he  Rocky Mountain  Fold  and  Thrust Belt. 
(Campbell, et dl., 1973;  Taylor  and  Scott ,   1979).  From th,?se  surveys  the 

Without   the   benef i t   o f   minera l   explora t ion   repor t s  o n  the area, the 

isons wi th   ana lagous   geologica l  se t t ings o u t s i d e   t h e  p l a n n i n g  a r e a   t h a t  
fo l lowing   d i scuss ion  on t h e   m i n e r a l   p o t e n t i a l  relies heav i ly  on ccmmpar- 

hos t   minera l   depos i t s .  

METALLIC MINERAL DEPOSIT  MODELS AND MINERAL POTENTIAL R A T I N G  

( 1 )  Carbonate-Hosted  Lead-Zinc  Deposits 

A major lead-z inc   depos i t  (Robb L a k e )  and 16 smaller occurrences 
have  been  discovered i n  platformal   carbonate   rocks of t he  Rocky 
Mountain  Fold  and  'Ihrust Belt i n  n o r t h e a s t e r n   B r i t i s h  Columbia. 
These  deposi ts   occur  i n  Evon ian   do lomi te s  and  limestones a t  a 
facies  change  or   ' shale   out '  from  massive  carbonate  rocks i n  t he  
s o u t h e a s t  to shaly  carbonate   rocks i n  the   nor thwes t  (Macqueen  and 
Thompson, 1978) .   In  the Kakwa Planning Area the  upper Wvonian 
Pa l l i se r  Formation  undergoes a similar change and, by analogy, is an 
exce l l en t   r econna i s sance   t a rge t .  The Robb Lake d e p o s i t ,  which 
occurs i n  a similar geologic  environment 360 k i lomet res  t.o the  
northwest ,   contains   approximately 6.1 mil l ion  tonnes  of  7.3 per  c e n t  
combined Lead and z i n c ,  g iv ing  a gross   value  of   about   $350  mil l ion.  
For th i s   r ea son ,   t he   Pa l l i s e r   Fo rma t ion  is designat,zd as 38 con the  
m i n e r a l   p o t e n t i a l  map ( F i g .  73 ) ,   i nd ica t ing   modera t e   po ten t i a l   fo r  
f i nd ing  a medium-sized depos i t .  

P o t e n t i a l   a l s o   e x i s t s   f o r   M i s s i s s i p p i   V a l l e y - t y p e   l e a d - z i n c   d e p o s i t s  

study  area.  Although  the  Cambrian Mural Formation  hosts  lead-zinc 
i n  the  massive  carbonate   rocks  that   crop  out   extensively i.n t he  

mine ra l i za t ion   ou t s ide   o f   t he   s tudy  area, no  metal lotects   have been 

carbonate  u n i t s  are des igna ted  as moderate  potent:.al  (3)  with no 
recognized i n  t h e   a r e a   f o r   t h i s   t y p e  of deposit .   Consequently  the 

s i z e   c l a s s i f i c a t i o n .  
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F l q r e  7 2  G3olog of Kakwa Lake Defer red  Planning A rea. 
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( 2 )  Clastic-Hosted  Sulphide Deposits 

Bar i te - lead-z inc   depos i t s   hos ted  by Devonian-Mississippian c las t ic  
rocks  are a major  type of d e p o s i t   i n  the miogeocl inal   rocks of t he  
Rocky Wunta in   Fold   and   lh rus t  Belt (MacIntyre,  1982).  Although 
knmn  depos i t s   i n   t he   Kech ika  Trough  of nor theas te rn   Bl r i t i sh  
Columbia a r e   r e s t r i c t e d   t o  the western  half   of  the RDcky MDuntain 
Fold  and  Thrust  Belt, p o t e n t i a l   e x i s t s   f o r   d i s c o v e r i n g   t h i s   t y p e  of 
d e p o s i t   i n   t h e   s h a l e   u n i t s  of the study area. By analogy  with the 
age of t h e   h o s t   r o c k s  of t he  known depos i t s ,  Devonian s h a l e s  i n  t h e  
s tudy  area are ass igned  a modera te   po ten t ia l  ( 3 ) ;  a t h e r   s h a l e s  are 
assigned a lower des igna t ion  ( 4 )  (F ig .  7 3 ) .  

q u a r t z i t e s  and  sandstones of the  WNaughton  and M2:hto Ebrmations. 
Much o f   t he   wes t e rn   pa r t   o f   t he   s tudy  area is  under ' tain by Cambrian 

Although these a n d   o t h e r   q u a r t z i t e s   i n   t h e   s t u d y  are.3 are ass igned  a 

occur s  i n  rocks of similar age  and s e t t i n g   i n   o t h e r   m o u n t a i n   b e l t s ,  
low p o t e n t i a l  ( 4 ) ,  s t ra tabound  lead-z inc-s i lver   minera l iza t ion  

f o r  example,   Laisvall ,  Sweden (Rickard,  e t  dl., 1979) .  

INDUSTRIAL MINERAL AND MATERIAL POTENTIAL 

( 1 )  p t a r t z i t e  

Good q u a l i t y   q u a r t z i t e   f o r   i n d u s t r i a l   u s e   f o r   b u i l d i n g   s t o n e   a n d  as 
a source of si l ica  occurs i n  the WNaughton  Formation  throughout  the 
s tudy  area. The q u a r t z i t e  is massive  with  uniform  beds u:? to 8 
metres th ick .  A q u a r t z i t e   q u a r r y   a t  Wishaw Lake near   Babet te  Lake 
i s  under  development. This s i t e  was chosen  1arge:ly  because i t  is 

market   surveys by t h e   d e v e l o p e r   i n d i c a t e   t h a t   t h e   q u a r t z i t e   h a s  many 
more access ib l e   t han  many o t h e r   p r o s p e c t i v e   s i t e s .   P r e l i m i n a r y  

desirable and aesthet ic  properties f O K  use as building stone.  

Good q u a l i t y  gypsum 15 metres thick  occurs  i n  t h e  mi.ddle par t  of  the 
Whitehorse  Formation 7 k i lomet res  east of t he   p l annhg   a r ea   (Gove t t ,  

p l ann ing  area around Ceci l ia  Lake; i ts  gypsum p o t e n t i a l  is untes ted .  
1961) . This   format ion   c rops   ou t  a t  the eastern margin of the 

( 3 )  Phosphate 

Phosphate   depos i t s  were d iscovered   recent ly   about  30 k i lomet res  
n o r t h e a s t  of the   s tudy  area i n  the  Triassic  Sulphur  Mountain 
Formation  (HefEernan,  1980).   This  formation  extentis  into  the  study 
area  where its p o t e n t i a l  is unknown. 
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F l p r e  73. M i n e r a l   p o t e n t i a l  o f  Kakwa Lake Deferred Planning  Area. 
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ENERGY RESOURCE POTENTIAL 

of   the  s tudy  area i n  a s e p a r a t e   r e p o r t   t h a t  is summarized b r i e f l y   h e r e .  
The Petroleum  Ilesources  Division  assessed  the  energy  resource  potential  

( 1 )  Petroleum and Natural  Gas 

Favourable   areas   for   petroleum  and  natural   gas   accumulat ions  occur  
i n  the  Fernie Group  and  under t h e   C e c i l i a  l h r u s t  P la te .  In the 
Kakwa Planning  Area,   leases  and  permits  partly  cover  areas of 
i n t e re s t   bu t   de t a i l ed   exp lo ra t ion   has   ye t  to be undertaken. 

( 2 )  Coal 

The southern limit of the  Peace  River  Coalfield,   currently  under 
developnent   to   the  northwest ,   crosses   the  northeast   corner   of   the  
planning  area.   Coal   l icences  extend from the  s tu3y  area  north-  

undertaken on l i cences   ad j acen t   t o  and i n  the  s tudy  area  but  i t  is 
westward  a long  s t r ike  (Fig.  7 3 ) .  Deta i led   explora t ion   has   ye t   to  be 

underlain by the  coal-bearing Minnes Group. 

SUMMARY 

The Kakwa Planning Area presents  a  good  example of t h e   d i f f i c u l t i e s  
involved i n  a s ses s ing   t he   mine ra l   po ten t i a l  of  an a rea  w i t h  only a broad 

r e p o r t s .  I n  t h i s  case the  Minis t ry  of h e r q y ,  Mines  and Petroleum 
regional   geological   data   base  and no d e t a i l e d   p r i v a t e   e x p l o r a t i o n  

Resources recommended to   the   p lanning  team t h a t  a ground  assessment  of 

should be c a r r i e d   o u t   p r i o r   t o  any  land  use  decision  that  would  withdraw 
the  mineral   potential   (mapping,  stream  geochemistry,   1ithogeochemi.stry) 

land from explora t ion  and mining. 

FLOWILLS PLANNING AREA (93A/lW, 92P/16W) 

INTRODUCTION 

Flourmil ls   oeferred  Planning Area (Fig.  68) centres 3n l a t i t u t e  52 
degrees  06 minutes  north  and  longitude 120 degrees 20 minutes  west.. me 
planning  area  encompasses 9 000 hec ta re s  of t h e  southern  port ion of the 
Quesnel  Highlands, a h ighly   d i ssec ted   p la teau  of moderate  celieE. It i s  
bounded t o   t h e   n o r t h ,   e a s t ,  and south by Wells  Gray  Provincial  Park,  and 
on  the west by Spanish  meek.  Elevations  range from 1 100 metres  along 

boundary.   Pleis tocene  glaciat ion  rounded  peaks and l e f t   e x t e n s i v e   v a l l e y  
Spanish  Creek  to  more than 2 100 metres on Wells Gray Provincial.  Park 

cones ,   c inder   depos i t s ,   and   f lows   tha t   l i e   near   the   eas te rn   boundary  of 
bottom till deposi ts .   Several   wel l -preserved,   post-g:Lacial   volcanic  

the  planning  area  provided  the  impetus   for  a proposal  by the M i n i s t r y  of  
Lands,  Parks and  Housing to  annex a l l ,  o r   pa r t   o f ,   t he   p l ann ing   a r ea   t o  
Wells  Gray  Provincial  Park. 
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GEOLOGY 

Figure  74 i s  a genera l ized   geologic  map of the  region  sl lrrounding  the 

by Lower Cambrian  and  younger  metamorphosed  rocks  of  the !Snowshoe  Form- 
F lou rmi l l s   Wfe r red   P l ann ing  Area. The a rea  i s  underlain  predominant ly  

a t i o n  of the   Car iboo  Group ( u n i t   7 a ) .  Dominant l i t h o l o g i e s  are brown and 
grey   quar tz -mica   sch is t ,   quar tz i te ,   th in-bedded   marble ,   q la r tz - fe ldspar  
mica gne i s s ,  and  amphibolite  pegmatite  (Campbell,  1963;  Campbell  and 
Tipper ,   1971) .  Along the  southern  boundary,  these  rocks  an3 a minor  area 
of  Triassic Nicola Group metasedimentary  rocks are in t ruded  by Jurassic  

might  correspond to the  nearby Raft and  Baldy b a t h o l i t h s .  Superimposed 
and/or Cretaceous monzonite to granodior i te   p lu tons ,   which ,  by proxirrtity, 

o n   t h e   g e n e r a l   g e o l o g i c   p a t t e r n   j u s t   d e s c r i b e d   a r e  Miocene t o  Recen t  
vo lcanic   f lows   cu lmina t ing  i n  a number of well-preserved  cones  and  bl.ocky 
lava  flows. lhese are found i n   t h e   n o r t h w e s t  and c e n t r a l  to southwes:tern 
p a r t  of the   p lanning  area. P e r v a s i v e   y l a c i a l   d e p o s i t s  and r ecen t  
a l luvium limit rock  exposures. 

MINERALIZATION 

The re   a r e  no  metallic minera l   occur rences   in   the   F lourmi l l s   Defer red  
Planning Area. Scoria and a s h   d e p o s i t s  were i n v e s t i g a t e d  by a p r i v a t e  
company,  mi-Ag  Resources  Ltd., k t  no resul ts  are documented to provide  
a n   i n d i c a t i o n  of economic value.  A mica depos i t   a s soc ia t ed   w i th  pegma- 
t i tes  of   the Snowshoe Formation  adjacent to the  northwes.:  boundary was 
i n v e s t i g a t e d   i n  1930, but   has   received l i t t l e  recent   a t ten t . ion .  

MINERAL DEPOSIT MODELS 

By analoqy  with  geological  environments and m i n e r a l   d e p o s i t s   a d j a c e n t   t o  
t h e   p l a n n i n g   a r e a ,  a v a r i e t y  of m i n e r a l i z a t i o n   p o s s i b i l i t i e s  exi.st: f o r  
Flourmills  Deferred  Planning  Area: 

( 1  ) Porphyry-style molybdenum or copper m i n e r a l i z a t i c n   r e l n t e d  t o  
Jurass ic /Cre taceous   p lu tons .  

( 2 )  mngsten-bear ing   skarn   minera l iza t ion   assoc ia ted   wi th  Snowshoe 
Formation-hosted  Jurassic/Cretaceous  plutons.  

( 3 )  Disseminated   go ld   minera l iza t ion   in   i ron-carbonate- r ich  Triassic 
p h y l l i t e s .  lbese rocks may ex tend   southeas t  from the  Crooked Lake- 
MacKay River  Valley.  

MINERAL POTENTIAL 

Deferred  Planning Area. Mine ra l   po ten t i a l  was considered to be low p r i o r  
Figure 75 shows mineral p o t e n t i a l  for the  region  surrounding  Flourmil ls  

Federa l -Provinc ia l   reg iona l   geochemica l  s i l t  sample d a t a  f o r  NTS 9 2 P  and 
t o  about  1980. Regional   explora t ion  work, i n i t i a t e d   a f t e r   p u b l i c a t i o n  of 

93A. r a i s e d   t h e   d e s i g n a t i o n  of   mineral   potent ia l   f rom low to moderate. 
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t h e   s o u t h  where a  number  of s tocks in t rude  the  Snowshoe Formation. 
H ighes t   mine ra l   po ten t i a l   fo r   po rphyry  and skarn mine ra l i za t ion  e x i s t s  i n  

C e n t r a l  and n o r t h e r n   p a r t s  of t he   p l ann ing   a r ea   t ha t   a r e   unde r l a in  by 
Snowshoe Forma t ion   r equ i r e   de t a i l ed   geo log ic  mapping to   determine  whether  
gold-bearing  geologic  environments  extend  southeast   from Crooked  Lake- 
MacKay River   in to   the   p lanning   a rea .   Consequent ly ,   these   rocks   a re  
des igna ted   as   having   inde termina te   minera l   po ten t ia l .   Areas   covered  by 
pos t -g l ac i a l   vo lcan ic   cones  and lava  f lows  are   considered  to  have low 
m e t a l l i c   m i n e r a l   p o t e n t i a l .  

GEOTHERMAL POTENTIAL 

Explorat ion  for   geothermal   resources  i s  i n  i t s  infancy i n  m i t i s h  
Columbia;  the  Flourmills  area  has  not  been  investigated.   Deep-seated 
s t ruc tu res   con t ro l l ed   Te r t i a ry   t o   Recen t   vo lcan i sm i n  the  area.   There- 
fore ,   whi le   geothermal   energy  potent ia l   present ly  i s  unknown, it could  be 
high. 

SUMMARY AND RECOMMENDATIONS 

unexplored  land i n  the  southern  mesne1  Highlands.   Recent  exploration 
Flourmil ls   Deferred  Planning Area covers 9 000 hectare!; of r e l a t i v e l y  

a d j a c e n t   t o   t h e   p l a n n i n g   a r e a   i n d i c a t e s   t h a t   m i n e r a l   p o t e n t i a l  may be 

p o s s i b i l i t i e s   i n c l u d e  molybdenum-copper porphyries ,   tungsten-bearing 
considerably  higher   than  previously  thought .   Untested  mineral izat ion 

skarns ,  and disseminated  stratabound  gold.  

I n d u s t r i a l   m i n e r a l   p o t e n t i a l  is m i n l y   f o r   s c o r i a ,   a s h ,  and  mica. The 
economics  of   these  commodit ies ,   par t icular ly   scoria  and ash,   are   depen-  
dent  on proximity to ready  markets. 

Geothermal  energy  potential,  which is  gene ra l ly   h igh   i n   a r eas  of  !recent 
v o l c a n i c   a c t i v i t y ,  is untes ted   bu t  may prove t o  be s i g n i f i c a n t .  

A t  p r e sen t ,  it i s  s t rong ly   emphas ized   t ha t   t he   cu r ren t   l eve l  of geologic  
knowledge for   the  Flourmil ls   Deferred  Planning Area needs  enhancement by 
more de ta i led   geologica l ,   geochemica l ,  and geothermal   surveys  to   permit  
cons idera t ion   and   endorsement   o f   p roposa ls   to   a l iena te  larid  from explora-  
t i o n  and development. 

SOUTH MORESBX PLANNING FmJ3A ( 1 0 3 B ,  C; 1 0 2 0 )  

INTRODUCTION 

The South Moresby Planning Area i s  located on the   p leen   Ckar lo t te   I s lands  
approximately 200 ki lometres   southwest  of P r i n c e   m p e r t .  The planning 
a rea   cove r s  145 270 hec ta re s  and i n c l u d e s   a l l   l a n d  and ad jacen t   i s l ands  
sou th  of  an  east-west-trending  boundary  south of Tangil   Peninsula.  The 
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p l e e n  C h a r l o t t e  Ranges are the  dominant   physiographic   uni t ,   wi th   the  San 
C h r i s t o v a l  Ranges  forming  the  major  subdivision.  Elevations  range  from 
sea l e v e l   t o  more than  1 100 metres. A l p i n e   c o n d i t i o n s   e x t e n d   l o c a l l y   t o  
nea r  sea l e v e l .  

During  the  Pleis tocene,   tbresby  and adjacent i s l a n d s  were i n t e n s i v e l y  
g l a c i a t e d  as evidenced by widespread  and  varied glacial  f e a t u r e s   i n  
mountainous areas. S o m e  paleoecologists t h i n k   t h e r e  were g l a c i a l   r e f u g i a  
because  nunataks  exis ted  even  during  the maximum stage of g l a c i a t i o n .  

D a i l y   f l i g h t s  from  Vancouver t o   S a n d s p i t  and  twice-weekly f e r r y   s e r v i c e  

p lanning  area i s  by boat ,  seaplane, o r   he l i cop te r .   L imi t ed  access by 
from  Prince  Rupert   provide access to the  meen Char lo t t e s .  Access t o   t h e  

and t ra i ls  a r e  s t i l l  d i s c e r n i b l e   n e a r  Jedway. 
logging   roads  is a v a i l a b l e  on p a r t s  of Lye11 Is land  and old  mining  roads 

The Environment  and Land Use Committee (ELUC) i n i t i a t e d   t h e   S o u t h  Moresby 
Resource  Planning  Program i n  1979 i n   r e s p o n s e   t o  numerous  proposals by 
p u b l i c   i n t e r e s t   g r o u p s   f o r   e s t a b l i s h m e n t   o f  a large  wilderness   park,   and 
i n   r e s p o n s e   t o   n a t i v e  Haida  concerns  about  proposed  logging  on  Burnaby 
I s l and .  Ihe Environment  and  land Use Committee terms o f   r e f e rence   ca l l ed  
for  a f ive-year   mul t ip le   l and  use a l loca t ion   p lan   to   be   p roduced .   Minera l  
r e s o u r c e s  were among t h e  many i s s u e s  t h a t  the planning team addressed. 
The Ministry  of  Energy, Mines and  Petroleum  Resources '   major  input  to  the 
planning  program  during  the l as t  two and   one-ha l f   years   cons is ted   o f   the  
fol lowing:  

Dis t r ic t  Geologis t  or Mineral Land Use G e o l o g i s t   p a r t i c i p a t e d  i n  
monthly meetings. 

Minera l   Poten t ia l   Evalua t ion   Repor t   (1981)   p repared  by K. E. 
Northcote  of Bema Indus t r ies   L td .  

Mineral   Resources   Wchnical  Report, including  an  economic  evalu- 
a t i o n ,   w r i t t e n  by K. E. Northcote  of K. E. Northcote  & Associa tes  
Ltd., and Resource  Data  and  Analysis  Division. 

Close l ia i son  kept  with  mining  companies  actively  working  in  the 
area and the   Br i t i sh  Columbia  and Yukon  Chamber of Mines. 

eva lua ted .  
P roposa l s   fo r  one s i z e a b l e  and two small ecological reserves 

The planning  program  meetings w i l l  conclude i n  e a r l y  1983.  Following a 

ex tens ive   r e source   eva lua t ions  w i l l  be presented  to the   mvi ronment   and  
f i n a l  s e t  of publ ic   meet ings ,  a series of   land  use  opt ions  supported by 

Land Use Committee. A po l i cy   dec i s ion  w i l l  fo l low.  

GEOLOGY 

A .  Sutherland Brown, from  1958 t o  1963, g e o l o g i c a l l y  mapped the pleen 

which are documented i n  B u l l e t i n  No. 54, a r e   t h e   b a s i s   f o r   a l l   s u b s e q u e n t  
C h a r l o t t e   I s l a n d s  a t  ~a scale of  1:125 000. The r e s u l t s  of h i s  work, 
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a t i o n   f o r   g o l d   d e p o s i t s   t h a t   a r e   s i m i l a r   t o   t h e   C i n o l a   d e p o s i t   o n  Graham 
g e o l o g i c a l   s t u d i e s  and  mining  exploration on the   is lands.   Recent   explor-  

I s l a n d   p r o v i d e   f u r t h e r   d e t a i l e d   g e o l o g i c   d a t a .  

The s t r a t i g r a p h i c   s e c t i o n  on Moresby Is land  i s  f a i r ly   conp le t , e  and 

pe r iods  of   vo lcanic   ac t iv i ty   a re   separa ted  by four   per iods  of   deposi t ion 
s i m i l a r   t o   t h a t  of  the  other  ween  Charlotte  Islands.   Three  major 

of   fossi l i ferous  marine  sedimentary  rocks.  Two periods  of   plutonism  are  
p r e s e n t ,   I a t e   J u r a s s i c   s y n t e c t o n i c   i n t r u s i o n s  and I a t e   T e r t i a r y   p o s t -  
t ec ton ic   i n t rus ions .   Vo lcan ic  and plutonic  rocks  have  evolved  with time, 
f rom  bas i c   t o   ac id i c ,  from qua r t z   poor   t o   qua r t z  r ich (Suther land Brown, 
1968) .  

A cont inuous  l inkage  of   northwestward-trending  faul t   systems  dissects   the 
i s lands .   These   major   c rus ta l   f rac tures   dominated  t h e  tectonic   develop-  
ment  and c o n t r o l   t h e   d i s t r i b u t i o n  of rock  types. The Rennell-Louscoone 
f a u l t  zone,   act ive  predominant ly   f rom  Iate   Jurassic   to   Cretaceous time, 
extends  throughout  the  planning  area from  Lye11 Is land  :tn t he   no r th   t o  
Kunghit   Island i n  the south (Fig.  76). 

A d ivers i ty   o f   geologic   envi ronments   for   minera l   depos i t   fo rmat ion   ex is t .  
The  wide v a r i e t y  of  volcanic  and  sedimentary  rocks;  the  syntectonic  and 
post- tectonic   plutons,   dykes  and sills; and the   l a rge   deep - sea t ed   f au l t s  
on Moresby  and ad jacent   i s lands   can   a l l   c rea te   envi ronmtznts   favourable  
for   mineral   deposi t ion.  

MINERALIZATION AND MINERAL DEPOSIT MODELS 

South Moresby Planning Area i n  1862 i n  t h e   v i c i n i t y  of S k i n c u t t l e  1:nlet. 
Francis   Poole   discovered  chalcopyri te  and magnet i te   minera l iza t ion  i n  

For  the  next 80 y e a r s   e x p l o r a t i o n   i n t e n s i t y   f l u c t u a t e d  and the re  was 
l imited  product ion of pr imari ly   copper-bear ing  ores .  

( 1 )  Contact  Metasomatic  Deposits 

From t h e   l a t e  1940 's  t o  1970 a t t en t ion   focused  on (explorat ion and 
development  of  contact  metasomatic  (replacement)  iron-ctopper 
d e p o s i t s   w i t h  accompanying  gold  and s i l v e r   v a l u e s .  The foll.owing 
f ea tu res   t yp i fy   t hese   depos i t s :  

( a )   P r o x i m a l   t o   t h e   c o n t a c t  of massive  limestone  of  the Kunga  Form- 
a t i o n   w i t h   a l t e r e d   b a s a l t s  of the  Karmutsen  Formation. 

( b )   P d j a c e n t   t o  a p l u t o n i c  body. 
( c )   Fau l t ing ,   p re -o re   d io r i t e   po rphyry  and  abundant  .post-ore dlykes. 

( d )   Brecc ia t ion  and common presence of  a skarn  envelope. 
( e )  Orebodies  occur i n  t a b u l a r - l e n s o i d   t o   p i p e - l i k e   d e p o s i t s   t h a t  

a r e   concordan t   o r   d i sco rdan t   t o   bedd ing  and  confsist  of  massive 

p y r r h o t i t e .  
magnetite  with  variable  amounts of cha lcopyr i t e ,   py r i t e ,  and 
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DEFINED, 
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J 
Figure 16. M a j o r   f a u l t s   a n d   l i n e a r s   s h o w i n g   r e l a t i o n s h i p  to known mineral   deposits  and 

occurrences,  South  Moresbj  Planning  Area. 
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produced  over 2 mil l ion   tonnes   o f   i ron   concent ra te   f rcm  1962  to  1968 
Jedway, t h e   b e s t  known o f   t hese   depos i t s   i n s ide   t he   p l ann ing  area, 

w i t h  a value  of  more than $21 mi l l i on   and   p rov ided   d i r ec t  employment 

d e p o s i t s .  
f o r  up t o  150  workers .   Signif icant   reserves   remain  in   other   nearby 

( 2 )  Gold Deposits 

The  discovery  of   the  Cinola   gold  deposi t  on Graham I s l and  by :=rem 
Specogna  and  John  Trico i n  1970 s t imu la t ed  a widespread  search  for  
similar depos i t s .  They occur i n   s i l i c i f i e d   d e e p - s e a t e d   f a u l t s  and 
shear  zones  and are  i n t e r p r e t e d  as v a r i a t i o n s  of t h e   C a r l i n  Nevada- 
t y p e   o f   d e p o s i t .   E x p l o r a t i o n   c o n c e n t r a t e d   f i r s t  on Graham Is land  
around  the   o r ig ina l   d i scovery   and   then ,   p red ic tab ly ,   spread   to  
similar geologic  environments on Moresby  and ad jacen t   i s l ands .  

f a u l t  where Haida  sandstone and s h a l e  are s t r u c t u r a l l y  over1a:tn by 
The Cinola  g o l d   d e p o s i t  i s  loca ted  on t h e  west s i d e   o f  t he   Sandsp i t  

Ear ly   Ter t ia ry   vo lcanic   rocks .   Poor ly   l i th i f ied   Mio-Pl iocene   sand-  
s tone,   shale ,   and  conglomerate   of   the  Skonun Formaticn  occur on t h e  
e a s t  s ide   o f   the   fau l t .   Rhyol i te   porphyry   c rosscuts   sed imentary  
u n i t s .  Gold  and s i l v e r   m i n e r a l i z a t i o n  i s  l o c a l i z e d   i n   i n t e n s e l y  
s i l i c i f i e d   r o c k s  and qua r t z   ve ins   t ha t   appea r   t c '   be   spa t i a l ly  

o f   r e s e r v e s   t h a t   r a n g e d   u p  t o  22 m i l l i o n  tonnes  averaqing 2.49  grams 
r e l a t e d   t o   t h e   r h y o l i t e   p o r p h y r y .  Barr (1980)   publ ished  es t imates  

gold   per   tonne;   recent   conpany  repor t s  s t a t e  r e s e r v e s   i n   t h e   o r d e r  
of 41 mi l l ion   tonnes   wi th  1.9 grams gold per tonne. 

Gold e x p l o r a t i o n   i n   t h e   p l a n n i n g  area invo lves  a f a i r l y  wide v a r i e t y  
of  rock types b u t  a narrow  range  of  mineralizing  environments. The 
fol lowing are s i g n i f i c a n t  as explora t ion   gu ides :  

( a )  S i l i c i f i c a t i o n  and  quartz  veining  accompanied by su lph ides  
proximal  t o  deep-seated f a u l t s ,  shear zones, and major f a u l t  
sp l ays .  Major f a u l t  systems  t raverse   the cueen  C h a r l o t t e  
I s l a n d s  f rom  nor thwes t   to   southeas t   ( su ther land  :3rown, 1968).  

( b )   S i l i c i f i c a t i o n  and   su lphide   minera l iza t ion   tha t  i s  a s soc ia t ed  
w i t h   T e r t i a r y  ( ? )  a n d e s i t i c  t o  r h y o l i t i c  dyke swarms. 

( c )  S i l i c i f i c a t i o n   i n   b r e c c i a t e d   r h y o l i t i c   r o c k s   n e a r   e r u p t i v e  or 
c o l l a p s e   c e n t r e s ;   t h e s e   l i k e l y   t a r g e t s  are a reas   o f   Te r t i a ry  
(Massett) volcanism. Dyke swarms wi th in   these   vo lcanic   rocks  
might   a lso be s i g n i f i c a n t .  

Companies   d i scovered   s ign i f icant   minera l iza t ion  on nor thern  Lye11 
Is land  and  on Moresby I s l and   no r th  of  Bigsby I n l e t .  Some miner- 
a l ized   zones  may extend more than 1 ki lometre   a long  wel l -def ined 
f a u l t   s t r u c t u r e s .   E x p l o r a t i o n  for g o l d   d e p o s i t s   i n   t h e   p l a n n i n g  
area i s  i n  i t s  e a r l y  stages; we a n t i c i p a t e  rmch  more to   fo l low.  
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M E T A L L I C   M I N E R A L   P O T E N T I A L  

Area 
Class 

SOME  DEPOSITS  KNOWN;  TYPE OF 
OCCURRENCE AN0  GEOLOGICAL 
ENVIRONMENT  FAVOURABLE: SOME 

GES: CONTINUED  EXPLORATION 
EXPLORATION  AT  ADVANCED  STA- 

NO SIGNIFICANT  DEPOSITS  KNOWN; 

OURABLE:  PRESENT  AND  FUTURE 
GEOLOGICAL  ENVIRONMENT  FAV- 

EXPLORATION  LIKELY 

SOME INDICATION OF MINERAL 
POTENTIAL:  GEOLOGICAL  STATUS 
INDETERMINATE  AT  PRESENT;  EX- 
PLORATION  POSSIBLE 

F i y r e  11. M e t a l l i c   m i n e r a l   p o t e n t i a l  o f  South  Moresb/  Planning Area. 
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volcanogenic  Massive  Sulphide  Deposits 

Massive  volcanogenic   sulphide  deposi ts   and  gold  mineral izat ion may 
occur   in   the  predominant ly   acid  submarine  volcanic   sequence of the  

p a r t l y   b e c a u s e  areas under la in  by the  Yakoun Formation are no t  
Yakoun Format ion .   This   poss ib i l i ty   remains   v i r tua l ly   un tes ted ,  

ex tens ive .  

Post-Tectonic  Porphyry  Systems  and  Gold-Bearing  Veins 

P o s t - t e c t o n i c   i n t r u s i o n s  merit e x p l o r a t i o n   f o r   d i f f e r e n t i a t e d  copper 
and molybdenum porphyry  systems as well as gold  d .eposi ts .  The 
Catface  porphyry copper-molybdenum deposi t   and  Zebal los   gold-be.sr ing 
qua r t z   ve ins  on Vancouver I s l and  are examples  of  mineraliz.stion 
r e l a t e d   t o  similar p o s t - t e c t o n i c   i n t r u s i o n s   i n  a similar geologic  
t e r r a n e .  

O t h e r   P o s s i b i l i t i e s  

O t h e r   p o t e n t i a l l y  economic  types of mineral izat ion  include  c 'opper  
and lesser vanadium i n  amygdules i n   t h e   t o p s  of Karnutsen v o k a n i c  
f l o w s ,   a n d   p a l e o p l a c e r   d e p o s i t s   p r o x i m a l  t o  a r e a s   o f   g o l d  
mine ra l i za t ion .  

MINERAL POTENTIAL 

In 1981, unde r   con t r ac t   t o   t he   Min i s t ry ,  K. E. Northcote,   then  with Bema 
Indus t r ies   L td . ,   p repared  a m i n e r a l   p o t e n t i a l  map a t  scale 1:125 000 f o r  
t h e   p l a n n i n g  area. The map was compiled  from  Ministry  file?s  and  informa- 
t i o n   p r o v i d e d  by indus t ry .  General concepts   o f   minera l   po ten t ia l   ou t -  
l i n e d  ear l ier  were u t i l i z e d .  A reduced,  sl ightly  modified  version of 
t h i s  map i s  presented  on Figure 77. 

M i n e r a l   p o t e n t i a l  i s  summarized as fol lows:  

Karmutsen vo lcan ic  rocks, and are c u t  by or are close t o  i n t r u s i o n s ,  
All areas where Kunga o r  i n t e r l ava   l imes tones  are i n   c o n t a c t   w i t h  

are considered to be areas of  high ( 2 )  p o t e n t i a l  fo r  i ron,   copper ,  
g o l d ,   a n d   s i l v e r   m i n e r a l i z a t i o n   i n   t h e  form  of  contact  meta-som,stic 
d e p o s i t s  . 
Areas t h a t   a r e   u n d e r l a i n  by  any  of t h e   f e a t u r e s  descr:.bed  previ'3usly 
under  'Gold  Deposits'  are c l a s s i f i e d  as having  hiqh  to  modmerate 
p o t e n t i a l  ( 3  to 2) fo r   go ld   depos i t s .  Ongoing exp lo ra t ion  w i l l  
n e c e s s i t a t e   p e r i o d i c  map rev i s ions ;  some Class 4 a r e a s  w i l l  b,ecome 
Class 3, and some Class  3, Class 2. 

are  c l a s s i f i e d  as having  moderate   potent ia l  ( 3 )  for   vo lcanogenic  
Areas unde r l a in  by the  Yakoun Formation  and  post- tectonic   intrusions 

massive  sulphide  deposi ts   and  porphyry  systems  respect ively.  Syn- 

emplacement  and  lack  of  differentiation make them unfavourable 
t e c t o n i c   i n t r u s i o n s  are ass igned  low m i n e r a l   p o t e n t i a l  ( 4 ) .  Deep 

e x p l o r a t i o n   t a r g e t s .  
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SUMMARY AND RECOMMENDATIONS 

For 120 years   the  South Moresby Planning Area has   experienced  varying 
i n t e n s i t i e s  of mine ra l   exp lo ra t ion  and  product ion  of   ore .   Pr ior   to  1980 
most of the   minera l   explora t ion   concent ra ted  on s e a r c h i n g   f o r   c o n t a c t  
metasomatic  (copper,   iron,  gold,   and s i lver)  d e p o s i t s .   E x p l o r a t i o n   f o r  
t hese   k inds  of depos i t s   has   reached  a m a t u r e   s t a g e ,   a s   a t t e s t e d  by the  

s i d e r a b l e   s c o p e   e x i s t s   f o r   e x p a n d i n g  known reserves. In t h e   e a r l y  1 9 6 0 ' s  
n m b e r  of known p r o p e r t i e s  i n  th i s   geologic   envi ronment .  Even now, con- 

more than $1 m i l l i o n  was s p e n t   e x p l o r i n g   f o r   s u c h   d e p o s i t s   i n   t h e  

d e p o s i t .  It is  p robab le   t ha t   p roduce r s  w i l l  develop new mines  from  these 
S k i n c u t t l e   I n l e t  area and  culminated  in  the  mining  of  the Jedway i r o n  

k inds  of d e p o s i t s  on southern  Moresby I s l and  or Burnaby I s l a n d   i n   t h e  

depos i t s   should ,   therefore ,  be p ro tec t ed  from a l i e n a t i o n .  
future.  Geologic  environments  which may host   contact   metasomatic  

Discovery  of  Cinola  (gold)  deposit  on  Graham Is land   s t imula ted   explora-  
t i o n   i n   s i m i l a r   g e o l o g i c a l   e n v i r o n m e n t s   i n   t h e   p l a n n i n g  area. Work is i n  
i t s  i n i t i a l   s t a g e s   b u t   r e s u l t s   o b t a i n e d  to d a t e   i n  areas such  as Lye11 
Is land ,   have   p roved   encouraging .   Explora t ion   in   the   near   fu ture  w i l l  
l i k e l y  be focused  on  areas  close to   t he   ma jo r   f au l t   sys t ems   t ha t   ex t end  
southeas te r ly   th rough  the   l ength  of the  planning area. 

n ing   cha l lenge .  Many areas of high  mineral   potent ia l   and  undeveloped 
The South Moresby P l a n n i n g  Area program presented a major   resource  plan-  

depos i t s   co inc ide   w i th  areas of  high scenic, eco log ica l ,  and co re  
r e c r e a t i o n   p o t e n t i a l .  lhe main t h r u s t   o f   t h i s   M i n i s t r y ' s   i n v o l v e m e n t   h a s  
b e e n   t o  document   resource   va lues ,   ana lyse   conf l ic t s   wi th   o ther   resources ,  
and   ensu re   t ha t   mine ra l   r e sources  are f u l l y , c o n s i d e r e d   i n   t h e   r a n g e   o f  
op t ions   p re sen ted  for  a dec i s ion .  
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SILVER-GOLD ZONATIOU I N  M E  LASS VEIN SYSTEW, BEAVERDKLL C A l p ,  
SOUTH-CEWTRAL BRITISH COLUMBIA 

( 82E/6E) 

By P. H. Watson 
Indian  and  Northern  Affairs  Canada,  Whitehorse,  Yukon T e r r i t o r y  

and 

C. I. Godwin 
Department of Geological   Sciences,  'Ihe Un ive r s i ty   o f   Br i t i sh  Columbia 

INTRODKTION 

The Beave rde l l   s i l ve r ,   l ead ,   z inc   (go ld )   ve in  camp (Fig.  781, i n  the 
sou the rn  part  of t he  Cmineca C r y s t a l l i n e  W l t  i n   sou th -cen t r a l   Eh i t i sh  
Columbia,  has been a s i l v e r   p r o d u c e r   s i n c e   t h e   t u r n  of the century .  In 
r e c e n t   y e a r s  some gold  has   been  reported  in   the  eastern,   and  deeper ,   end 
o f   t h e  Lass vein  system (Lower Lass mine; 8. Goet t ing,   personal  communi- 
cat ion,   1979) .   ' Ihis   s tudy was i n i t i a t e d  to examine the d i s t r ibu t . i on   o f  
major and  minor  elements i n   t h e  Upper (Highland) Lass and Lower Lass ve in  
system  and to desc r ibe   t he   zon ing   pa t t e rns ,   w i th   emphas i s  on t h e  eaonomi- 
ca l ly   impor tan t   go ld  and silver. 

The area is Underlain by g r a n o d i o r i t e  of t he   Wes tke t t l e   ba tho l i th ,  which 
has   been   in t ruded  by the  Beaverdell   quartz  monzonite  stoc'k  (Fig.   78).  Ihe 
granodiorite  contains  remnant  pendants  and/or  screens  of  metamorphosed 

Christopher,   1975a, 1975b, 1976).  A d e t a i l e d  summary of the geology is 
volcanic   and  sedimentary  rocks  of  the Wallace Formation  (Reinecke,  1915; 

g iven  by Watson (1981)  and  Watson, et dl. (1982) .  

GE0uX;y  

k i l o m e t r e   b e l t ,   r e f e r r e d  to as the Beaverdel l  mine area, on the  west 
Mine ra l i za t ion  i s  found i n  a northeast- t rending  3-ki lometre  by 0.8- 

major producing  mines were: Well ington,   Sal ly ,  Bell,, Highland Lass 
slope of Wallace Mountain  (Kidd  and  Perry,  1958). F r o m  wes t   t o   ea s , t ,  the 

(Upper Lass), and Iower Lass (Fig.  7 8 ) .  'Ihe Upper and :bower Lass mines 
a re  p resen t ly   be ing   ope ra t ed  by lbck  Corporation  Ltd. ,   and  the samples 
c o l l e c t e d   f o r   t h i s   s t u d y  are from these  and related workings. 

Most of the   ve ins  are h o s t e d   i n  the Jurassic   Westket t : le   granodior i te .  
Some mine ra l i za t ion  is a l s o  found i n  the Older Permj.an ( ? )  Wallace 
Formation  gneiss ic   rocks,   which  overl ie  the b a t h o l i t h  a t  the   eas te rn   end  
o f   t h e  mine area, a l though   s t ruc tu res   t end  to h o r s e t a i l  and d i s p e r s e   i n  
these  gneisses   (Goet t ing,   personal   communicat ion,   1979) .  Despite the 
apparent   l ack   o f   minera l iza t ion  ir. the younger,   Terti .ary,   Beaverdell  
s t o c k ,  which i n t r u d e s  the b a t h o l i t h  a t  the western  end (of the conlplexly 
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f a u l t e d  mine a rea ,  K/Rr and   ga lena- lead   i so tope   s tud ies   demonst ra te   tha t  
the  veins   are   genet ical ly   re la ted  to   the  Beaverdel l   s tock  (Watson,   1981;  
Watson, et dl., 1 9 8 2 ) .   P r o p y l i t i c   a l t e r a t i o n  i s  found i n  the  wallrock  up 
t o  8 metres from the ve ins  (R. Verzosa,  personal  communication,  1979)  and 
t h i n   s e c t i o n s  of this a l t e r e d   g r a n o d i o r i t e  show amphiboles  almost 
e n t i r e l y   c o n v e r t e d   t o   c h l o r i t e ,  and f e ldspa r s   r ep laced  by c l a y  and 
c a l c i t e .  

western p a r t  of  the mine a r e a  and   a long   nor theas t - t rending   fau l t s  i n  t he  
The minera l ized   ve ins   occupy  f i ssures   a long   eas t - t rending   fau l t s  i n  t he  

V e i n s  range  from a few cent imet res  to a metre i n  width,  and  average 0 .3  
e a s t e r n   p o r t i o n  of t he  system ( p a r t  of Bell, Upper Lass, and Lower Lass). 

metres (White ,   1949)   but   are   rarely  cont inuous  for  more than 5 t o  10 
metres w i t h o u t   o f f s e t .  However some ore shoots  show only  minor o f f s e t  
o v e r   h o r i z o n t a l   d i s t a n c e s  up t o  150 metres  (White,  1949). The extens ive  
f a u l t i n g   h a s   b e e n   c l a s s i f i e d  by White  (1949). The most  important  type  of 
p o s t - o r e   f a u l t i n g  is high  angle and  normal. A s e r i e s  of  widely  spaced, 
n o r t h   t o   n o r t h e a s t - s t r i k i n g ,   s o u t h e a s t - d i p p i n g   f a u l t s   d i v i d e   t h e  
minera l ized   sys tem  in to   l a rge   b locks ,   o f ten   wi th  up t o  100  metres of 
ver t ica l   d i sp lacement   be tween them. The West Terminal   fau l t ,   separa t ing  

Upper and l a w e r  Lass mines, are of this type (F igs .  78 and 79) . The 
t h e  Bell and Lass mines, and the East Terminal f a u l t ,  s epa ra t ing  the 

v e i n s   a r e  chopped i n t o  small segments by no r theas t - s t r ik ing ,   c lo se ly  
spaced   normal   fau l t s ,   which   f la t ten   the   d ip  of the  vein from 50 t o  34 
degrees  (White,  1949). These f a u l t s   d i p  to the  northwest ,   and  general ly  
show less than a metre displacement.  

wi th  lesser amounts of a r senopyr i t e ,   t e t r ahedr i t e ,   py ra rgyr i t e ,   cha lco -  
Major m e t a l l i c   m i n e r a l s   i n   t h e   v e i n s   a r e   g a l e n a ,   s p h a l e r i t e ,  and p y r i t e ,  

p y r i t e ,   p o l y b a s i t e ,  acanthite, n a t i v e   s i l v e r ,  and pyr rhot i te   (Reinecke ,  
1915;  Staples  and  Warren,  1946a,  1946b;  Watson,  1981;  Watson, et dl., 

fragments  included i n  the  vein;  small concent ra t ions  of calcite and 
1982) .  The gangue material is  mainly  quartz,   with some a l t e r ed   wa l l rock  

a t i o n  is p r e s e n t ,   c h i e f l y  as n a t i v e   s i l v e r  wires and p l a t e s .  However, 
f l u o r i t e  are a l s o  found  occasional ly .  Some supergene   s i lver   minera l iz -  

most of the mine ra l i za t ion  is of hypogene or igin  (McKinstry,  1928; 
S t a p l e s  and  Warren,  1946a, 194613). Supergene  mater ia l  i s  not   cons idered  
i n  t h i s   s tudy .  

DATA CoLLpCTIoll AUD AEALYSIS 

c o l l e c t e d  from  209 l o c a t i o n s  i n  t h e  Lass system (Fig .   79) .  A sys temat ic  
Bulk ch ip  and  hand  samples  of  vein  material   within  the  granodiorite  were 

was chip  sampled  wherever  accessible  in  the  workings.   Samples from 
sample  spacing was no t   poss ib l e  due to vein  geometry, so ve in   ma te r i a l  

mined-out a r eas  were taken  from  the  edges of ore   shoots .  

Samples were analysed by atomic  absorpt ion  spectrophotometry a t  the  
Department  of  Geological  Sciences,  "he Univers i ty  of B r i t i s h  Columbia f o r  
z inc,   lead,   i ron,   copper ,  cadmium, s i lve r ,   c a l c ium,  magnesium,  manganese, 
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f o r  by Min-En Laboratories  Ltd. ,  North  Vancouver,  Earitish Columbia. 
coba l t ,  and nickel.   Gold,   arsenic,  mercury, and antimony were a.nalysed 

Resu l t s   a r e  i n  Table 1. Dupl icate   analyses  of  sample:; were evaluated 
us ing   t he  method  of Thompson and mwarth  (1978) .  The fo l lowing   i : ld ica te  
the   p rec is ions   for   each   e lement   (a t   average   concent ra t ions)   de te rmined  by 
t h i s  method: ( 1 )  between 5 and 10 per cent:  copper, catdmium, antimony, 
a r sen ic ,  and  manganese; ( 2 )  between 10 and 20 per  c e n t :  z inc,   lead,  
calcium,  and magnesium; ( 3 )  between 20 and 30 p e r   c e n t :   s i l v e r ;  and ( 4 )  
between 40 and 45 per cent ,   go ld .   Prec is ion   for   e lements   es t imated   as  
t h e  mean r e l a t i v e   e r r o r   r a t h e r   t h a n   a s  a funct ion  of   concentrat ion  as  i n  
t h e  'Pnompson and  mwarth method are :   n icke l ,  10 per cent; i ron ,  35 per  
cen t ;   coba l t ,  38 per  cen t ;  and  mercury,  120  per  cent. 

The t r u e   s p a t i a l   r e l a t i o n s h i p  between  samples a t   t h e  time of  emplacement 
cannot  be seen using  the mine plan view  because of pos t -ore   fau l t ing .  
Therefore,  the ve ins  were p a l i n s p a s t i c a l l y   r e c o n s t r u c t e d  by removing the  
movement along  major  faults.  Since  most  mining was ca . r r ied   ou t  on the  
fault-bounded  segments of the  vein,  the ore  encountered  along a d r i f t  
c o u l d   r e p r e s e n t   e i t h e r  a series of pa ra l l e l   ve ins   o r   p rog res s ive ly   l ower  
s e c t i o n s  of  the same vein.   Within  the  fault-bounded,  major  sections,  

con t inua t ion  of the  major vein system, down dip.  This   reconstructed 
the re fo re ,  it is assumed t h a t  successive  samples r ep resen t  a [general 

p lane  may be  up t o  100 metres th i ck   i n  some a reas ,   because   no t   a l l  
movement has  been removed  and the   minera l iza t ion   probably   occurs   wi th in  a 
series of s u b p a r a l l e l   v e i n s .   I n   t h i s   s t u d y ,  however, t h i s   p l a n e  is 
c o n s i d e r e d   t o   r e p r e s e n t  a s ing le   ve in ,   o r  a series of ve ins   fo r  which  an 
ove ra l l   zon ing   pa t t e rn   can  be  examined.  Figure 79 shows the  sample 
l o c a t i o n s  on the  composite  plan of the  workings. The recons t ruc ted  
p l a n s ,   u s e d   f o r   a l l   s u b s e q u e n t   i n t e r p r e t a t i o n s ,   a r e  shown  on Figures 80 

examined by p r o j e c t i n g  a l l  points   onto  an east-west  l i n e  (approximately 
t o  84. Changes i n  element conten t  down t h e   d i p  of the vein can be 

down d i p ) ,  and p l o t t i n g   v a l u e   v e r s u s   d i s t a n c e   a l o n g   t h i s  l i n e .  These 
p l o t s ,   c a l l e d   s e c t i o n   p l o t s ,   a r e  shown with  reconstructed  plans on 
Figures 80. 81,  and  84. 

INTEWREIATION AND DISCUSSIOU 

a n d   c o b a l t   a r e   o f t e n   n o t   p r e s e n t  i n  d e t e c t a b l e   q u a n t i t i e s  and w i l l  no t  be 
Histograms show t h a t   a l l   e l e m e n t s  have  lognormal  distril3utions.  Nickel 

cons idered   fur ther .   Poor   reproducib i l i ty   for   mercury   ana lyses  makes 
t h e i r  u se  suspect,   but  mercury w i l l  be discussed  because of its impor- 
tance i n  many ore-forming  environments. 

Each element   can  be  par t i t ioned  into  populat ions  using  lognormal   prob-  
a b i l i t y   p l o t s   a s   o u t l i n e d  i n  S i n c l a i r   ( 1 9 7 6 ) .  'Pnree populations  can be 
d e f i n e d   f o r   s i l v e r  and lead,  and  one f o r  mercury  and calcium. All. o the r  

dev ia t ions ,  and populat ion proportions a r e   l i s t e d  i n  Table 2.  1.n t h i s  
elements  can  be p a r t i t i o n e d   i n t o  two populat ions.  The means, s tandard 

tab le   e lements  are  grouped on t h e   r e l a t i v e   p r o p o r t i o n s  of  anomalous 
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populat ion (A) and  background  populations (B and B') . The lower two 
s i l v e r   p o p u l a t i o n s  show a s p l i t   s i m i l a r  to zinc  and cadmium, while the 
most  anomalous  population is p r o p o r t i o n a t e l y   s i m i l a r   t o   c o p p e r  and 
a r sen ic .  This sugges t s   t ha t   t he  most  anomalous s i l v e r   v a l u e s  may be 
assoc ia ted   wi th   copper   and   a rsen ic   minera ls   such   as   su lphosa l t s ,   whi le  

base  metal minerals  such as galena  and  sphaler i te .  Gold  does  not  have 
the  moderately  anomalous  concentrations of s i l v e r   a r e   a s s o c i a t e d   w i t h  

p o s s i b l e   t h a t   o n l y  one  gold  population i s  p r e s e n t  and t h a t   t h e  10 per 
popula t ion   propor t ions  similar to any other   e lements   (Table  2 ) .  It is 

c e n t  background  population  represents a bot tom  t runcat ion of the d a t a  due 
t o   t h e   d e t e c t i o n  limits of   the   ana ly t ica l   equipnent   used   (S inc la i r ,  
19713, r a t h e r   t h a n  a second  population. 

Cor re l a t ions  are gene ra l ly   on ly   app l i cab le   t o   s ing le   popu la t ion   va r i -  

populat ions  for   most  of the  elements,  however,  allows the use of 
ab le s .  The l a r g e  amount of over lap   (es t imated  30 t o  70 per   cen t )  among 

c o r r e l a t i o n s   t o  show approximate   re la t ionships .  A c o r r e l a t i o n   m a t r i x  of 
log  t ransformed  data   (Table  3) shows s t r o n g   c o r r e l a t i o n s   a t  the 0.1 
s i g n i f i c a n c e   l e v e l  between the elements   z inc,   lead,   i ron,   copper ,  
cadmium, s i l v e r ,   g o l d ,  and antimony. The gangue  elements,  manganese, 
magnesium,  and calcium, show s t rong   co r re l a t ions   w i th   each   o the r .  Calcium 
shows n e g a t i v e   c o r r e l a t i o n s   w i t h   s i l v e r  and arsenic ,   whi le  magnesium 
correlates   negat ively  with  copper ,   ant imony,   arsenic ,  and gold. Ranked 
o n   s t r e n g t h  of co r re l a t ion ,   s i l ve r   co r re l a t e s   w i th   l ead ,   z inc ,   coppe r ,  

c o r r e l a t e d  elements are, in   o rder :   i ron ,   l ead ,   z inc ,   copper ,  cadmium, 
iron,  antimony,  gold, cadmium,  and arsenic. For gold ,   the   s t rongly  

wi th   ga l ena   and   spha le r i t e   and ,   t o  a lesser extent,   with  antimony  sulpho- 
antimony,  arsenic,  and s i l v e r .  %is s u g g e s t s   t h a t   s i l v e r  is as soc ia t ed  

major   sulphides ,   galena  and  sphaler i te .  
salts. Gold co r re l a t e s   mos t   s t rong ly   w i th   i ron   mine ra l s ,   f o l lowed  by the 

Thus,  gold is p r imar i ly  

mine ra l s ,   wh i l e   s ign i f i can t ,   appea r   t o  be less impor tan t .   Corre la t ions  
a s s o c i a t e d   w i t h   p y r i t e   a n d / o r   c h a l c o p y r i t e ;   a r s e n i c  and  antimony 

f o r   t h e  three i n d i c a t o r  elements, mercury,  arsenic,  and  antimony are: 
( 1 )  mercury c o r r e l a t e s  w i t h  antimony,  copper,  zinc,  lead,  and cadmium; 
( 2 )  a r s e n i c   c o r r e l a t e s   w i t h   a n t i m o n y ,   g o l d ,   i r o n ,   s i l v e r ,  and  lead; and 
( 3 )  ant imony  correlates   with  i ron,   lead,   copper ,   z inc,   gold,   mercury,  

most  dominant of these three i n d i c a t o r  elements. Because much of the 
a r s e n i c ,  cadmium, and s i l v e r .  From t h i s ,  it appears  that   ant imony is the  

co r re l a t ion   ma t r ix   s imp ly  shows t h e   a f f i n i t y  of a l l   t h e   s u l p h i d e s   f o r  
each   o ther ,  some c o r r e l a t i o n s  would be  expected  even  i f   the   minerals   they 
r e p r e s e n t  were not  contemporaneous.  Antimony,  however, seems to c o r r e l -  
a t e   w i t h   a l l   o r e - f o r m i n g   e l e m e n t s  and was a more s i g n i f i c a n t   e l e m e n t   t h a n  

ogy ( S t a p l e s  and  Warren, 1946a,  1946b;  McKinstry,  1928) show t h a t  
a r s e n i c  i n  t h e  vein-forming s o l u t i o n s .   D e t a i l e d   s t u d i e s  of the  mineral-  

p y r a r g y r i t e  and t e t r ahedr i t e   ( an t imony  end  members) are the  common forms 
o f   t h e i r   r e s p e c t i v e   s o l i d   s o l u t i o n  series i n  this vein  system.  Arseno- 
p y r i t e   p r o b a b l y  formed earlier than  other   ore   minerals   such  as   galena  and 
s p h a l e r i t e  (Watson,  1981). 

S p a t i a l   r e l a t i o n s h i p s  among populations  can  be  seen when the   assay   va lues  
(Table  1 )  a r e  computer-drawn,  using  different  symbols  for  background  and 
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8 0  to 84.  Anomalous v a l u e s   f o r   s i l v e r   o c c u r   m a i n l y   i n  the cemtral ,  
anomalous  values, on the recons t ruc ted   p lan  and s e c t i o n  plots of Figures  

w e s t e r n   p o r t i o n  of the mine. By comparison, the 10 :?er C e n t  of the 

western p a r t  of the mine (Figs .  81 and 8 3 ) .  
values  which form the  background  population  for  gold 1i.e mainly i n  the 

Differences  in   values   between the upper,  western  and lower, eastern parts 
o f   t he  mine are clear on Figures  8 2  and 83. The h ighes t   va lues   (approxi -  
mately  one-quarter  of the sample   po in t s )   fo r   z inc ,   l ead ,  and gold are i n  
t h e   e a s t e r n  part  of   the  vein  system.  Plan and s e c t i o n   p l o t s  on Figure 84 
show tha t  r a t i o s  of gold to s i l v e r  are d r a m a t i c a l l y   d i f f e r e n t   i n  t:he two 
parts of the vein  system;  17 of the h i g h e s t  20 v a l u e s   f o r   g o l d / s i l v e r  are 
i n   t h e  eastern s e c t i o n ,  and the   h ighes t  50 v a l u e s   f o r   s i l v e r / g o l d  are i n  
the wes te rn   pa r t  of  the  mine. 

The two segments ,   def ined  previously,  were s p l i t  i n t o  t w 3  e q u a l   s e c t i o n s  

p a t t e r n  were present .  Means, wi th   s tandard  errors, f o r  the four  sub- 
(based  on d i s t a n c e  down d i p )  t o  see i f  smaller subd iv i s ions   i n   t he   zon ing  

d i v i s i o n s  are p l o t t e d  on Figure 85 along  with  the same s ta t is t ics  using 
only  two subdiv is ions  of the vein.  Three  of the four   e lements   ( lead ,  
s i l v e r ,  and gold)  show l e v e l   s e c t i o n s  and sha rp   changes   i nd ica t ing   t ha t  
values   within  each of the two major s e c t i o n s  are similar, b u t  that major 
changes  occur  between the two sec t ions .  Thus, Figure 85 is c o n s i s t e n t  
w i t h  only two major  zones i n   t h e  mine. 

A nor th- t rending   l ine   be tween  h igh   s i lver ,   modera te   l ead   and   z inc   in   the  
west, and low s i lve r ,   h igh   go ld ,  and  moderate to high  lead  and  zinc  in 
t h e  east is drawn on Figures  80 to 85. T h i s   l i n e  i s  placed  near  the 
cent ra l  part  of the mine, about  120 metres east of the East lkrmina l  
fault .   Figure  86  summarizes the changes  across the l i n e  as noted  above 
or as d e t a i l e d   i n   f l u i d   i n c l u s i o n ,   m i n e r a l o g y ,  and  geometry  studies by 
Watson ( 1981 ) . 
d i v i d i n g  l i n e  (N = 159 t o  the west and N = 42 to t h e  e a s t ) ,  t-tests and 
Because of  the d i f f e r e n c e  i n   t h e  number of samples pn e i t h e r  s i d e  (of this 

F-tests were performed to   de te rmine  if,  indeed,   the  two popula t ions  are 
s i g n i f i c a n t l y   d i f f e r e n t  ( -C= 0.05). The fo l lowing   e lements   ( logr i thmic)  
h a v e   s i g n i f i c a n t l y   d i f f e r e n t  geometric means (t-test) and  variances (F- 
tes t )  i n  the two parts of the mine: gold,   zinc,   lei id,  cadmium, and 
mercury.  Vein  thickness (arithmetic) a l s o   h a s   s i g n i f i c a n t l y   d i E f e r e n t  
means  and var iances  on e i t h e r   s i d e  of the d iv id ing   l ine .   Gold ,   z inc ,  
l ead ,  cadmium, and  vein  thickness means are h i g h e r   i n   t h e   e a s t e r n  . p a r t  of 
the mine w h i l e   s i l v e r  and mercury means are h i g h e r   i n  t h e :  west. 

CONCLUSIONS 

The presence of s i lve r -go ld   zona t ion   i n  the Lass vein  system  has  been 
known to e x i s t   f o r   s e v e r a l   y e a r s  (B.  Goetting,  personal  communication, 
1979;  Christopher,  1975a,  1975b). This study  has  examined the major  and 
minor   e lement   d i s t r ibu t ion   pa t te rns   in   samples   f rom  the  Lass vein  system 
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a l l y   r e c o n s t r u c t e d   i n t o  a s i n g l e   p l a n e  by removing the  movement along 
h o s t e d   i n  the Westkettle g ranod io r i t e .  lhe   ve in   sys tem was p a l i n s p a s t i c -  

major   pos t -ore   fau l t s  to examine the   o r ig ina l   e l emen t   zon ing .   F i f t een  
elements  have  been  studied  (zinc,  lead,  copper,  iron,  manganese, cadmium, 
calcium, magnesium, cobal t ,   n ickel ,   gold,   s i lver ,   mercury,   arsenic ,   and 

d i s t r i b u t e d   p o p u l a t i o n s .  The c o r r e l a t i o n  matrix of e lements   ind ica tes  
antimony),  a l l  of which  can  be p a r t i t i o n e d   i n t o  1, 2, or 3 lognormally 

t h a t   s i l v e r  associates wi th   ga lena ,   spha ler i te ,   and   an t imony  su lphosa l t s ,  
b u t   t h a t   g o l d   a s s o c i a t e s   w i t h   p y r i t e  and  chalcopyrite.  

The four  major  economic  elements,   zinc,   lead,  si lver,  and gold.  have  been 
c o n s i d e r e d   i n   d e t a i l .   P l a n   v i e w s   s h w  a series of o re   shoo t s ,   e longa te  

system.  Metal   zoning  and  mineral   deposit ion  are  related to depth and 
a l o n g   s t r i k e ,  en echelon down the   d ip ,  i n  the upper p a r t  of the   ve in  

reflect changes i n  t e m p e r a t u r e   o r   v e i n   c o n f i g u r a t i o n   a t   s p e c i f i c  
e l eva t ions .  

Two zones  of d i s t i n c t i v e   m i n e r a l i z a t i o n  are recognized i n  t he  Iass vein 

w i t h i n   t h e  Lower Lass mine, about 120 metres e a s t  of  the Qst Terminal 
system. lhe boundary  between these two zones  trends  north-south  and l ies 

p o r t i o n  of the vein  system is cha rac t e r i zed  by high s i l v e r  and  moderate 
f a u l t .  I n  c o n t r a s t   t o   t h e  lower, e a s t e r n  part, the  upper, western 

and   s t r inger   zones .  The lower, east end  of  the  vein  system,  hwever,  
z inc   and   l ead   va lues ,  more gangue,   and  thinner   veins   within  mult iple   vein 

contains   high  gold,   moderate  to high  zinc  and  lead,  and lw s i l v e r  
va lues .  The elements  copper,  calcium, magnesium,  and a r s e n i c   s h w  
cons i s t en t   va lues   t h roughou t   t he  mine. 

Gold  values   are   concentrated a t  depth and i n  s e v e r a l  small zones  along 

of   the  system,  central ly   between the foo twa l l s  and  hanginqwalls.  Using 
t h e   f o o t w a l l  of the   sys tem.   S i lver   va lues  are h i g h e s t   i n   t h e   u p p e r   p a r t s  

minera l iza t ion   can   be   re la ted  to s o l u t i o n s  of  higher  temperature,  
information  from a f lu id   inc lus ion   s tudy   (Watson ,  1981) '  the gold 

occurred  above a th ro t t l i ng   po in t ,   r e su l t i ng   i n   l ower   t empera tu re ,   l ower  
s a l i n i t y ,  and pressure.  This model postulates that  groundwater  mixing 

s a l i n i t y ,  and   l ower   p re s su re   so lu t ions   t ha t   depos i t ed   t he   s i l ve r  
mine ra l i za t ion .  A model f o r  element zonat ion i n  t h i s  system,  based i n  
p a r t  o n   t h e   f l u i d   i n c l u s i o n   s t u d i e s ,  is shown  on Figure 86. lhis model 
accounts   for :  ( 1 )  the   presence of only two zones  (above and  below the 

mineralogy due to temperature,  pressure, and s a l i n i t y  changes.  Deposi- 
t h r o t t l e  p o i n t ) ,  and ( 2 )  t he  v a r i a t i o n s  i n  thickness,  gangue, and 

t i o n  of copper, calcium, magnesium,  and arsenic was apparent ly   no t  
a f f e c t e d  by the  changes  occurr ing i n  the o r e   f l u i d s .  Gold s o l u b i l i t i e s ,  
however, are g r e a t l y   a f f e c t e d  by these  var ia t ions  (Helgeson  and Garrels, 

passed  the t h r o t t l e   p o i n t .  
1968), so t he   depos i t i on  of  gold would d e c r e a s e   a f t e r   t h e   s o l u t i o n s   h a v e  

This model sugges ts   tha t   h igh   go ld   va lues   could   cont inue   eas tward  a t  
depth,   g iven  cont inuat ion  of   vein structures. S i l v e r   v a l u e s  would 
p r o b a b l y   a l s o   c o n t i n u e   t o   t h e  east a t   t h e i r  moderate t o  low values.  
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Addi t iona l   a reas  of high s i lver  values are u n l i k e l y   e a s t  of t h e   p r e s e n t  
workings  and a t  depth  in  the  system  and will only  be  found i n  t hose   a r eas  
t h a t  were above   t he   t h ro t t l e   po in t  ( i n  t he  western p a r t  of the  mine'). 
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Figure  80. %cons t ruc ted   p ian   and   ' sec t i on '   p lo t  of  t h e  Lass v e i n  system, Beaverdei I mine 
area. S I  l ve r   ana lyses   a re   separa ted   in to   background  and  anona lws  popu la t ions  
as n o t e d   I n   t h e  legend.  Long  dashed l i n e   n a r k s   t h e  boundary  between t h o  
s i l v e r  and  go ld - r i ch   sec t ions  o t  t h e  mine, and s h o r t  dashed l i n e s   i n d i c a t e   t h e  
d i v i s i o n s   f o r   c a l c u l a t i o n s  of four-way  mans (see Fig. 85). 
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Figure 81. &constructed  plan  and  'sect ion'   plot  of t h e  Lass v e i n  system, s a v e r d e l l  mine 

as  noted i n  t h e  legend. Long dashed l i n e  marks t h e  boundary  between t h e  
area.   Gold  analyses  are  separated  into  backgrwnd  and  anomlous  populat ions 

S l l v e r  and  gold-r ich  sect ions of t h e  mine,  and s h o r t  dashed I ines i n d i c a t e   t h e  
d i v i s i o n s   f o r   c a l c u l a t i o n s  of four-h'ay  mans  (see  Fig. 8 5 ) .  
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Figure 82. &constructed  p lans  of   the  Lass v e i n  system, Beaverdei i mile area. me 

f o l i w i n g :  s o l i d  square, t i rs t  IO; m i l d  t r i a n g l e ,  second 10; open square, 
hlghest  50 analyses f o r   z l n c   ( t o p )  and lead (bottom) a r e  p l o t t e d   u s l n g   t h e  

t h i r d  10; open t r i a n g l e ,   f o u r t h  10; and open c i r c l e ,   f i f t h  lo, 
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Figure  83, Faconstructed  plans  of  the Lass v e i n  system.  Beaverdell  mlne  area. Ihe 
h l @ e s t  50 ana lyses   fo r  S I  l v e r   ( t o p )   a n d   g o l d   ( b o t t o m )   a r e   p l o t t e d   u s i n g  
t h e   f o l l w i n g :  solld square, f i r s t  10; s o l i d t r i a n g l e ,  second 10; open 
square, t h l r d  IO; open t r i a n g l e ,   f o u r t h  IO; and  open c l r c l e ,   f l f t h  10. 
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Figure 84. &constructed  p lan  and  'sect ion '   p lot  o f  t h e  Lass v e i n  systern, b a v e r d e l  I mine 
area. @ I d  (ppb)/SI l v e r  (ppm) values are separated  in to   two  populat lons.  
above and below a r a t l o  of 5. Long dashed llne marks t h e   b o m d a r y  betweten 
5 1  lver   and  goid-r ich  sect ions of  t h e  mine. 
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F i g u r e  85. Plot o f   a r i t h m e t i c  means and s t a n d a r d   e r r o r s   o f   t h e  mean f o r  
go ld ,   s i l ve r ,   l ead .   and   z inc ,   a f te r   d i v i s ion  of t h e  Lass vein 
s y s t e q  Beaverde l l  area, i n t o  two and  four   sec t ions  (see Figs. 
81 t o  84). L e f t - h a n d   s i d e   o f   t h e   p l o t  I s  uppermst ,   western 

deepest.  and  easternnost section of  t h e  mlne. Distance i s  
sec t i on   o f   t he   ve in   sys tem;   t he  r i g h t - h a n d   s i d e  i s  d w n   d l p ,  

measured a l o n g   t h e   r e c o n s t r u c t e d  p lane  o f   the   ve in .  
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Figure  86. hbdei  of   the Lass v e i n  system, b a v e r d e l l  area. The v e i n  15  d i v i d e d   i n t o   a n  
upper, s i   I v e r - r i c h   p a r t   a n d  a larer, g o i b r l c h   p a r t .  Average  values f o r  key 
elements  and  ve in  th icknesses  are  noted on t h e  model. Mineralization stages 

es t ima tes   a re   f rom f l u i d   i n c l u s i o n   s t u d i e s  (Watson, 1981). 
and tenperature  and depth (PH = h y d r o s t a t i c  pressure, PL = l i t h o s t a t i c  pl-essure) 
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TABLE 2. Means and Standard  Deviations Determined Graphically  for 1 

Part i t ioned E lemen t  Populations  in  Granodiorite-Hosted V e i n  
V e i n  Material '   in the Lass V e i n  System, Waverdell  Mine 
Area, South-Central  British Columbia 

Element Population A 3 ~ o p u l a t i o n s 3  B, FJ' 

% b  b+s b- s % b b+s b-s 

Zn % 55  3 .76  9 .12  1 .40  45  0 .38 1 .40  0.11 

Cd  ppm 55  457 1288 1 7 8  45  43 2 34 10 

Cu  ppm 70   513  1202  1 9 5  30  76 126  45 

Sb ppm 1 0  1318  2138 794 90 7 9  162  38 

Pb % 38  3.00 4.30 2 .09  37 0 .54  1 . 0 2  0 .29  
25  0.12  0.35  0.05 

Fe % 60  8 .99   13 .49   5 .94   40   3 .72   6 .84   2 .20  

1 5  34 
1 7 4  
135  

68  
8 

Ag ppm 67 427  457  269 1 8  105  

Au ppb 90  646  2239 191 10 1 5   5 1  4 

A s  % 72  1 .20   1 .70   0 .86   28   0 .13   0 .24   0 .07  

ppm 30  5012  10233  2570  70  1202  2291  617 

Mg % 70  0 .25  0 .45  0 .14 30 0.08 0 .12   0 .05  

Hg ppb 100 20  124 3 

100 1143 14962 87 

100 1 .75  9 .90  0 .31  

1. Parti t idned  into  populations on logari thmic  probabi l i ty   plots ,   us ing  the 

2 .  There  are 209 samples i n   t h i s  group. 
3. b is an t i log  O F  rean cf logtransformed  data; b+s is  a n t i l o g  of mean p l u s  

procedures of S inc la i r  ( 1 9 7 6 ) .  

one  standard  deviation of logtransformed  data; b-s i s  ant i log  of  mean minus 
one  standard  deviation  of  logtransformed  data. 

4.   24% of t he  Co values were below the   ana ly t i ca l   de t ec t ion  limit. 
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F l y r e  87. Genera l ized  locat ions of AlnSwOrth,  Slocan  City,  
Slocan,  and  Trout Lake r n l n l n g  canps,  southeastern 
B r i t i s h  Colurnbla. 
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SPATIAL  DENSITY OF SILVBR-LEAD-ZINC-GOLD  VEIN D W M I T S  
IN POUR HIPING CAlQS IN SOUTHEASTERN BRITISH  COLUUBIA 

(BZF) 

By 1. B. Goldsmith and A. J. Sinclair 
Department  of  Geological  Sciences,   University  of  Brit i : ;h Columbia 

INTRODOCTI(MI 

S p a t i a l   d e n s i t y   a p p e a r s   t o   h a v e   s e v e r a l   p r a c t i c a l   a p p l i c a . t i o n s   i m p o r t a n t  
i n  resource assessment, v i z  .: 
( 1 )  de f in ing  limits to mining  camps, 

( 2 )  providing a systematic  basis  for  comparing  mining camps i n  terms of 
average   depos i t   dens i ty  OK average  metal   concentration, and 

( 3 )  recogni t ion  of sys t ema t i c   va r i a t ions  i n  s p a t i a l   d e n s i t y   o f   m i n e r a l  
occurrences  within  individual  mining camps. 

Here we examine   t he   po ten t i a l   u ses   o f   spa t i a l   dens i ty   app l i ed   t o   c lu s t e r s  
of ve in   depos i t s .  

S inc l a i r   (1979)   sugges t ed   t ha t   con toured   spa t i a l   dens i ty  maps of l o c a t i o n  
d a t a   ( c e n t r o i d s )  of mineral deposi ts   might   provide a c o n s i s t e n t   i f  
empi r i ca l  means  of def ining  boundaries  to c e r t a i n   t y p e s  of mining camps 

average method be  used as a bas is   for   contour ing  'number of veins   per  
or mineral ized centres. I n  p a r t i c u l a r ,  he  recommended that a moving 

square   k i lomet re '   and   tha t   the  0.5 dens i ty   con tour  be  used t o   d e f i n e   t h e  
empi r i ca l  limits to  the  Rinsworth  vein camp i n  s o u t h e a s t e r n   B r i t i s h  
Columbia. lhe method appears  applicable  to  two-dimensional  problems  and, 
of c o u r s e ,   s u f f e r s   t h e   l i m i t a t i o n   t h a t   t h e  0.5 s p a t i a l   d e n s i t y   c o n t o u r  
does n o t  e x i s t  as a real e n t i t y .  Exact locations of some deposits are 
no t   a lways   r ead i ly   a t t a inab le  from a v a i l a b l e  l i terature  b u t  this problem 
i s  r e s t r i c t ed   l a rge ly   t o   sma l l   depos i t s   ac t ive ly   exp lo red   and /o r   exp lo i -  
t ed   dur ing   the   n ine teenth   cen tury .   Uncer ta in   loca t ions  i n  general   do  not  
appear   to   represent   p roblems  in   contour ing   spa t ia l   dens i ty   because   the  
unce r t a in ty  is g e n e r a l l y   s m a l l   r e l a t i v e  to the   sca le  of  a mining camp. 

This  study  extends  the early work by Sinc la i r   (1979)   to   inc lude   four  
ve in  camps,  Ainsworth,  Slocan,  Slocan  City, and Lardeau  (Trout  Lake), i n  

approach i n  r e l a t i o n   t o   v e i n  camps.  The da ta   base   for   th ree  of the  
s o u t h e a s t e r n   B r i t i s h  Columbia (F ig .  87)  i n  an  a t tempt   to   general izo  the 

mining camps is an updated  version of  a computer-based  producer f i l e  
e s t a b l i s h e d  by Orr and Sinclair   (1971) .   Data   for   the  Lardeau  (Trout  

P. B. Read (Read,  1976;  Goldsmith, e t  dl., i n  p r e p a r a t i o n ) .  The former 
Lake) camp a r e  an ed i ted   vers ion  of a f i l e   e s t a b l i s h e d   o r i g i n a l l y  by 

f i l e   ( S l o c a n ,   S l o c a n  C i t y ,  and  Ainsworth)  contains  information o n l f  f o r  
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TABLE 1 

AREA MF,ASURENENT STATISTICS, AlllSWORTLI llINIllG CAMP 

25X  OVERLAF 

4 h  x 

13.68  13.80 
21.97 10.00 10.80 10.80 11 15.58 13 .14   13 .68   13 .00  1 2  lkm x l h  

28.08 28.02 36.10  36.30 
12.13  28.08 28.26  21.96 80 

63.96  63.01 
91.13 36.35  63.54  36.36 

11 .88   77 .88  
80 Z h  x zkm 

165.31 63.83 63.66  63.84 8 1  201.67 71.86  71.70  78.00 81 

10.80 10.80 

50% OVERLAP 

0.5 DEPOSIT~CELL 1 . 0  UEPOSITICELL 

4 h X  4 h  81  68.10  68.28  68.15  176.50 8 1  56.22  56.22 56.1.8 145.49 

2 h  X 2 h  1 1 5  I 30.36 !::::I 30.30 I 78.48 11 15 1 23.28  23.22  23.24  60.18 
67.98  56.28  55.98 1 

l 5 X  OVERLAP 

I 0.5 DEPOSITICFLL 1.0 DEP0SITiCEl.L 

212.24 

63.68 

30.42 

61 .26  67.20 

1 9 . 5 6  19.08 

9.45 9.36 

rAOLE 2 

R E A  MEASUREMENT STATISTICS, SLOCAN llINING CN4P 

25% OVERLAP 

WindOv U 0.5 UEPOSITICELL 

A" 

1 . 0  DEPOSIT/CELL, 

measurements) Miles2 km2 D e p o s i t s  kt72 Mi les2  (4 mearurementr) 
A" Number of A" Au Miles2 

4km x 4km I 176   I160 .50   160 .98  I 
160.32 160 .32  
108.00 107.46 

28.65 28.47 
28 .53  28.65 

107.64  107.58 

50% OVERLAP 
! 140.46  140.04  140.36  363.51 

140.40  140.52 
13.14  73.20  73.11  189.35 
73.08 73.02 

20.37  20.43 
20.31  20.43  20.40  52.84 

I I 0 . 5  DEPOSITICELL II I 1 . 0  DEPOSlT/CElL 

4kn x 4km 176  157.08 156.78  156.59  405.56 175  137.40 137.76  131.15  356.16 

2km x 2kn 176  102.12 102.36  102.03  264.26 172  72.18 72.06  72.11  186.75 

lkm x lkm 124  30.60 30.42  30.51  79.02 121  19.10 19.50  19.46  50.39 

156.24 156.24 137.40 138.42 

102.18 101 .46  72.12 12 .06  

30.60 30.42 19 .50  19.32 

75% OvEnLhr 

Okn x 4km 

101 lkm x l k l n  

141.16 54.74 54.78  54.66 
89.94  89.64 

165 233.1 9n.00 90.42  90.00 171 2km x Zkm 
139.02  138.18 

359.36  138.75 139.2ti  138.54 
151.74  158.10 

1 7 5   4 0 9 . 2 s   1 5 8 . 0 ~   1 5 8 . 1 n   1 5 8 . 1 t i   1 7 6  

54.66 54.8'1 
211.10 20.10  20.19 52.7'1 
20.10  20.46 

99  11.18 15.18  15 .33   39 .11  
15 .18   15 .48  
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depos i t s   wi th  a recorded  production of a t   l e a s t  one s h ' x t  ton oE ore. 
The f i l e   f o r   T r o u t  Lake camp con ta ins   l oca t ions  of a l l   p u b l i c l y   r e c o r d e d  
d e p o s i t s   i r r e s p e c t i v e  of whether  or  not  they  have  produced  ore. 

MEl'HOL)OUXY 

Consider  the  problem  of  depicting  spatial   density  of  minc?ral   occurrences 
t o  be  two-dimensional. An i n t e r p o l a t i o n   t e c h n i q u e  i s  r equ i r ed   t o   p rov ide  
s p a t i a l   d e n s i t y   e s t i m a t e s  on a regular  grid  superimposed upon  a d i s t r i c t  
con ta in ing  numerous i r r egu la r ly   l oca t ed   occu r rences  and/o:c depos i t s .  The 
s p a t i a l   d e n s i t y   v a l u e s   f o r   e a c h  cel l  of t h e  gr id   then  can be contoured by 

used  here  i s  t o  move a ( squa re )  window over t h e   f i e l d  of  i n t e r e s - t   i n  a 
s i m p l e   l i n e a r  i n t e r p o l a t i o n ,   e i t h e r  by hand o r  machine. One procedure 

regular ,   per iodic   fash ion ,   count   the  number o f   depos i t s  i.n t he  window a t  
each   pos i t i on ,  and assign  each  count   to   the  centre   of   the   square  for  
which the  count was obtained.  

Three  parameters  can  be  varied i n  th i s   p rocedure :  ( 1 )  t h e  window shape, 

adjoining  count ing cells. 
( 2 )  t h e  window a rea ,  and ( 3 )  the   p ropor t ion   of   over lap   ( i f   any)   o f  

The l e v e l  of v a r i a b i l i t y  i n  s p a t i a l   d e n s i t y   d a t a   t h a t  results from these  
sources  m s t  b e   q u a n t i f i e d  if s p a t i a l   d e n s i t y  i s  t o  be  used i n  a meaning- 
fu l   f a sh ion .  

MWURPWENT OF SPATIAL DENSITY  VARIABILITY 

We have   a t t empted   t o   eva lua te   s eve ra l   sou rces   o f   va r i ab i l i t y  i n  ob ta in ing  
s p a t i a l   d e n s i t y   e s t i m a t e s   f o r   v e i n   m i n i n g  camps. In p a r t i c u l a r ,  we have 
examined the  e f f e c t s   o f :  

( 1 )  varying s i z e  of counting window, t h a t  is, 1 by 1 k i lomet re ,  2 by 2 
kilometres, and 4 by 4 ki lomet res ,  

( 2 )  def in ing  camp a rea  by two d i f f e r e n t   s p a t i a l   d e n s i t y   c o n t o u r s ,   t h a t  
is, 0.5 depos i t   per  cell and 1 .O d e p o s i t   p e r   c e l l ,  and 

( 3 )  i e s t i n g   a c t u a l   r e p r o d u c i b i l i t y  of camp area  es t imate: ;  by planimeter .  

Data  from  our tests for   th ree   min ing  camps a r e  summarized i n  Tables 1 ,  2, 
and 3 from  which severa l   conc lus ions  seem evident .  The most  obvious 
f e a t u r e  of t he   t abu la t ed   da t a  i s  that   p lanimetr ic   measurements  in camp 
a reas   va ry   mch   l e s s   t han  1 p e r   c e n t  of t h e  a r e a ;   t h e s e   e r r o r s   a r e  
neg l ig ib l e .  

c e l l   i n c r e a s e s ,   r e g a r d l e s s  of ex ten t  of over lap .   This   resu l t s   1 ,a rge ly  
Estimated camp a reas   i nc rease   d rama t i ca l ly   a s   t he   s i ze  of the  collnting 

from an  ever-increasing  zone of no d e p o s i t s   t h a t  i s  included  within  the 
camp b o u n d a r i e s   a s   t h e   c e l l   s i z e   i n c r e a s e s .  lhis e f f e c t   c a n  be  minimized 
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25% OVLRLAF 

Window 0.5 OEFOSITICELL 1 . 0  OEPOSIT/CTlI.  

Size Av AV h l i l e r 2  N".i.er of AV Au M i l e s 2  Number of 
Deporifr km2 I l i l e r 2  ( 4  merrurements) Deposits kmz nliles' (6 meriuremfnti) 

akn x 4km 

6 . 8 4  6.84 19.50 1 9 . 6 2  
1 7 . 7 2  6 . 8 4  6.8.1 6 . 8 4  3 7  5 0 . 6 2  19.55 1 0 . S O  19.16 5 7  ikm x 1km 

3 9 . 0 0  39.00 46.74 4 6 . 6 8  
1 0 1 . 1 3  38.05 39.00 39.18 

8 2 . 3 2  8 2 . 2 0  
S i  1 2 0 . 9 0  4S.GR 4 6 . 6 2  46.68 5 7  Zkm x 2km 

2 1 2 . 8 1  82.165 8 2 . 2 0  81.95  S B  289.04 1 1 1 . 6 0  1 1 1 . 9 0  1 1 1 . 3 0  6 0  
l i l . 3 U  1 1 1 . 9 0  

50% OYERLAP 
"_ 

0 . 5  DIPOSITICTI.I 1.0 DEPOSITICELI. 

4x1" x O h  

57  ikm x lkm 

96.93 1 7 . 4 3  3 7 . 5 6  3 7 . 2 0  
ds.06 4 1 . 1 2  

7 7 . 8 8  7 7 . 5 8  8 8 . 4 5  89.40 
55 1 1 6 . 7 4  4 5 . 0 7  4 4 . 4 4  4 1 . 1 8  57 2kn x 2km 

201.44 7 7 . 7 8  1 7 . 9 4  7 7 . 7 0  19 2 3 1 . 7 4  R'l .48 8 9 . 5 2  80.52 59 

37.50 3 7 . 4 4  
2 0 . 3 4  20 .16  20.2R 52.53 50 
2 0 . 1 6  20 .66  

10.17 10.18 10.11 2 7 . 1 8  
1 0 . 1 7  10.16 

75% 0VCllLAY 

0.5  owoslr/cCLt 1.0 D m n s l r m L I .  

4km x 4km 

7 . 2 6  7 . 2 6  17.16 17..10 

34.38 3 4 . 5 0  
4 4 . 7 5  4 3  1 7 . 2 8  1 1 . 1 6  1 7 . 4 0  57 lkm x 1km 

4 2 . 9 0  4 2 . 7 8  
I I I . O Z  42.87  4 2 . 7 8   4 3 . 0 0  5 7  2km x 2krn 

5 1 . 1 8   5 0 . 9 4  6 2 . 1 0   6 2 . 3 4  
160.76 6 2 . 0 7  61.74 6 2 . 1 0  59  

window s i z e  is a l a rge   sou rce  of v a r i a b i l i t y  i n  mining camp a r e a s  by the 
by using a 1.0 r a the r   t han  a 0.5 depos i t -per -ce l l  contour.  Nevertheless ,  

method we ou t l i ne .  To coun te rac t  this problem we de f ine  a mining camp 
somewhat s u b j e c t i v e l y  on t he   bas i s  of the   smal les t  window s i z e   t h a t  
r e su l t s  i n  a high  proportion  (more than  90 per  c e n t )  of known occurrences 
being  contained w i t h i n  a reference  contour   ( for   example,  0.5 d e p o s i t   p e r  
c e l l ) .  

E x t e n t  of ove r l ap  of ad jo in ing   count ing  windows does  not  appear  to  be  an 

cohesive  ra ther   than a disaggregated  outl ine.   For  example,   for  Slocan 
important   source of v a r i a b i l i t y   f o r   s m a l l e s t  cel l  s i zes   t ha t   p roduce  a 

camp the  2 by 2-kilometre window produces  areas of 121,  117,  and 111 
squa re   k i lome t re s   fo r   ove r l aps  of 25, 50, and 75 pe r   cen t   r e spec t ive ly .  

Our sub jec t ive   eva lua t ion  of these   da t a  and the  many maps t h a t  we viewed 

tha t   a reas   o f   min ing  camps  can  be de f ined   u se fu l ly  and  reproducibly,   i f  
(one   for   each  l i n e  of information i n  each  table)  have  led us  to   conclude 

empi r i ca l ly  and subjec t ive ly ,   as   fo l lows:  

( 1 )  use a 0.5 d e p o s i t   p e r  cell  as   the  margin  contour   to   def ine  the  outer  
extremity  of a mining camp, 

(2) use 50 p e r   c e n t   o v e r l a p  of  square  counting  cells ,   and 

( 3 )  ce l l  s i z e  must  be  selected by t r i a l  and e r r o r   t o   b e   t h a t  smallest 
s i z e  which r e t a ins   t he   l a rge   ma jo r i ty  of d e p o s i t s  of  a s u b j e c t i v e l y  
recognized  mining camp within  the  marginal   contour ,  
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WAlPLEs OF SPATIAL DmSITY MAPS 

TWO extreme  cases  of the app l i ca t ion  of s p a t i a l   d e n s i t y   p r o c e d u r e s  
app l i ed   t o   mine ra l   depos i t   l oca t ion   da t a   a r e :   t o   de f ine   boundar i , e s  of 
clusters of vein depos i t s ,  and to examine p a t t e r n s  of s p a t i a l   d e n s i t y  
contours  of mineral d e p o s i t s   w i t h i n  a mining camp. 

OUTLINIWG  UINING CAWS 

develop a reproducible  procedure by which we can  def ine  boundaries   to  
In a large  region  containing  several   mining camps we might wi sh  to 

mining camps and determine an  estimate of their individual   geographic  
limits. Such information would  be usefu l   for   purposes  of quan t i fy ing  the 

dens i ty .   S imi l a r ly   t he  amount of var ious   meta ls   concent ra ted   in to  v e i n s  
d i s t r i b u t i o n  of  mineral   occurrences i n  a camp i n  terms of   ave rage   spa t i a l  

per u n i t   a r e a  i n  a mining camp could be examined  and displayed.  

The foregoing   ob jec t ives   requi re  that we know the t o t a l  number  of 
d e p o s i t s  i n  a camp and  the  geographic limits of the camp. Of course a 
newly  found d e p o s i t  i n  an  old camp or  one o u t s i d e   t h e   e x i s t i n g  camp 
limits w i l l  b i a s  the parameter we a re   e s t ima t ing .  A s  long as we 
recognize  these  sources  of e r rors ,   they   need   no t   represent   se r ious  
problems,  and, i n  fac t ,   a re   l ike ly   min imal  i n  many  cold, thoroughly 
explored camps. 

Figure 88 is a moving ave rage   spa t i a l   dens i ty   con tour  rmp f o r  an a rea  
including  the  northern  end of the Nelson  bathol i th .  A window of :2 by 2 
ki lomet res  was used  with 50 per cent   over lap  i n  t he  two p r i n c i p a l   g r i d  
d i r e c t i o n s .  NOte t h a t  i n  such a case a s i n g l e   d e p o s i t  w i : t 1  occur i n  four  
cells  whose c e n t r e s   a r e  i n  a square  with  s ides   half  the cel l  dimension. 
The 0.5 deposi t   per   4-square-ki lometre   contour   around a n  : i so la ted   depos i t  
i s  the re fo re  the same s i ze   a s   t he   bas i c   coun t ing  cell.  In a  few cases 
where deposit l oca t ions  are exac t ly  on the boundary of a count ing cell,  
i s o l a t e d   d e p o s i t s  are surrounded by a rec tangular   contour   wi th   a rea  less 
than the b a s i c   c e l l   a r e a .   A f t e r  some experimentation  the a r t i f i c i a l  
contour  0.5 d e p o s i t  per 4-square-kilometres was s e l e c t e d   a r b i t r a r i l y   a s  
s e t t i n g  the ou te r  limit of vein  concentrat ions  def ining  mining camps i n  
t h e   a r e a .  

Once an  acceptable limit is  def ined   for  a mining camp we can c a l c u l a t e  
a v e r a g e   s p a t i a l   d e n s i t y  and  average known metal endowment. Our p resen t  
s tudy is conce rned   p r imar i ly   w i th   spa t i a l   dens i ty  of mjnera l   depos i t s ,  
al though  the  methodology  can  be  extended  easily to the presenta t ion   of  
metal  endowment using known meta l   p roduct ion .   Average   spa t ia l   dens i t ies  
a r e  summarized i n  Table 4 for  Slocan,  Slocan  City,  and Ainsworth mining 
camps. It is  important  t o  r e a l i z e   t h a t   t h e   f i g u r e s   q u o t e d  i n  Table 4 a r e  
der ived  only from those   depos i t s   ly ing   wi th in   the  0.5 depos i t   pe r  4- 
square-ki lometre   contour .  
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The da ta  of m b l e  4 are  based on the  same c o u n t i n g   c r i t e r i a   f o r   t h e  

p r a c t i c a b i l i t y .  However, d i f f e r e n t   c o u n t i n g   c r i t e r i a  may be op t ima l   fo r  
e n t i r e   a r e a .  Such a procedure is p robab ly   des i r ab le   fo r   r ea sons   o r  

d i f f e r e n t  camps.  Cur experience  has shown t h a t   c o u n t i n g   c e l l  s i z e  i s  
p a r t i c u l a r l y   c r i t i c a l  (see T a b l e s  1 ,  2,  and 3 )  t o  camp a r e a  
es t imates .  A subject ive  evaluat ion  of   the Ainsworth camp, a t i .ght ly  
c lus t e red   g roup   o f   ve ins  i n  a r e l a t ive ly   sma l l   a r ea ,   sugges t s  t h a t  a 1 by 
1-k i lomet re   count ing   ce l l  i s  more appropriate   than  the 2 by 2-kilometre 

k i lome t re  count ing ce l l  f o r   t h e  equ iva len t   a r ea  of Figure 88 a r e  shown on 
count ing c e l l   u s e d  f o r  Figure 88. S p a t i a l  contours   using a 1 by 1- 

Figure 89. T h i s   l a t t e r   p l o t   a l s o   d e m o n s t r a t e s  how disaggregated a camp 
appears  if too   smal l  a count ing cel l  i s  used as i n   t h e   c a s e  of  Slocan  and 
Slocan  Ci ty  camps. 

TAKE 4. AVERPGE SPATIAL DENSITIES FOR S I N E  
SOUTHEASTERN BRITISH COLlMBlA MINING CAWS 

(BASED ON 2 x 2 km COUNTING  CELLS WITH 
50 PER  CENT  OVERLAP) 

Camp Area No. of Deposits 
(km') Deposits  per  km2 

Alnsworth  78.5 71  1.0 
S I  ocan  264.3 
Siocan C i t y  

172 
116.7 59 

0.7 
0.5 

S Y S m T I C  VARIATIONS  IN  SPATIAL DmSITIES 

S p a t i a l   d e n s i t y  maps of  mining  camps a l s o   a r e   i m p o r t a n t   a s  a means  of 

mining camps.  For  such a purpose we are   faced   wi th   the  same problem a s  
examining   sys temat ic   pa t te rns  to d e p o s i t   c l u s t e r i n g   w i t h i n   i n d i v i d u a l  

i n  de f in ing  camp boundar ies ,   tha t  of s e l e c t i n g  a n  appropr ia te   contour ing  

contours and 'holes' may obscure general t rends .  A p r a c t i c a l  means of 
ce l l  (window) s ize .   I f  a c e l l  i s  too  small ,  many i r r e g u l a r i t i e s  i n  . the 

se lec t ing   an   appropr ia te   contour ing   approach   for   examining   var ia t ions  i n  
s p a t i a l   d e n s i t y  i n  a camp i s  t o  use a square ce l l  wi th   s ides   approxi -  
mately the   i nve r se  of t h e   d e p o s i t   d e n s i t i e s  of  Table 4. %us,  Ainsworth 
camp can  be  examined  with a 1 by I-kilometre  counting window, Slocan C i t y  
c a w   w i t h  a 2 by 2-kilometre  counting window,  and Slocan C i t y  imidway 
between  the two. Four sepa ra t e  mining camps are   descr ibed in d e t a i l .  

AINSWORTH CAMP 

S p a t i a l   d e n s i t i e s   f o r   A i n s w o r t h  camp (S inc la i r ,   1979)   a r e  shown on 'Figure 

w i t h  only a s i n g l e   n e a r b y   o u t l i e r ,   y e t   l o c a l   c o n c e n t r a t i o n s   a r e   a p p a r e n t  
90. Here i t  i s  a p p a r e n t   t h a t   t h e   c a m  is well def ined  as a c o h e s i v e   u n i t  

w i th in   t he  camp. It i s  appa ren t   t ha t  a s i n g l e   c o n t w r i n g   g r i d  w i l l  se rve  

259 



both   purposes ,   tha t  i s ,  def ine   genera l  camp limits and  average   spa t ia l  
d e n s i t i e s ,   a s  w e l l  a s  showing local s t r u c t u r e   t o   t h e   s p a t i a l   d e n s i t i e s .  
Average s p a t i a l   d e n s i t i e s   c a l c u l a t e d  i n  t h i s   c a s e   f o r  a square   contour ing  
g r i d  ce l l  of l ' b y  1 k i lomet re   p rovide   an   average   dens i ty   o f   0 .48   depos i t s  
per-square-kilometre.  This compares  with  an  average  density  of 1.05 
d e p o s i t s   p e r - s q u a r e - k i l o m e t r e   g r i d   d e t e r m i n e d   i n   a n   e a r l i e r   s e c t i o n ,  and 
p rov ides   an   i nd ica t ion  of t h e   v a r i a b i l i t y  of mean s p a t i a l   d e n s i t y  
e s t i m a t e s   r e l a t i v e   t o   s i z e   o f   c o n t o u r i n g   g r i d .  As expected,   the   smaller  
t h e   g r i d ,   t h e  smaller t h e  'camp a rea '   and ,   i f  number o f   depos i t s  remains 
cons t an t ,   t he   h ighe r  w i l l  b e   t h e   a v e r a g e   s p a t i a l   d e n s i t y .  

I n   t h i s   p a r t i c u l a r   c a s e  it appea r s   t ha t   choos ing   t he   sma l l e s t   con tour ing  
c e l l   t h a t   p r o v i d e s  a cohesive camp o u t l i n e  is the opt imal   empir ica l  
approach.  Such a procedure ,   a l though  subjec t ive ,   p rovides   po ten t ia l   for  
r e p r o d u c i b i l i t y  by d i f f e r e n t   o p e r a t o r s .  

shown i n  t he   de t a i l ed   spa t i a l   dens i ty   con tour s   fo r   A inswor th  camp. A 
It is i n t e r e s t i n g   t o   s p e c u l a t e   a b o u t   t h e   i m p o r t a n c e  of the   f ive   h ighs  

p l o t  of t h e   f i v e   l a r g e s t   d e p o s i t s  i n  t h e  camp shows t h a t   a l l   a r e   w i t h i n  

informat ion   one   might   specula te   tha t   the   nor thernmost   h igh ,   tha t   cons is t s  
t he   fou r   sou the rnmos t   spa t i a l   dens i ty   h ighs .  Even w i t h o u t   f u r t h e r  

writers' i n t e r p r e t a t i o n   f o r   t h e  camp is  tha t   ' bedded '   ve ins   represent  
only of sma l l   depos i t s ,  i s  an a r e a   t h a t   w a r r a n t s   i n v e s t i g a t i o n .  The 

par t ly   mobi l ized   dur ing   and/or   a f te r   emplacement   o f   the   Nelson   ba thol i th  
syngene t i c   depos i t i on  i n  Cambrian time and t h a t  some of  these  bodies were 

o b s e r v e d   d i s t r i b u t i o n   p a t t e r n s  of   smal l   (mos t ly   t ransverse)   depos i t s ,  
t o  form  numerous small ' t r ansve r se '   ve ins .  lhis model is c o n s i s t e n t   w i t h  

b a s i s   f o r   c o n d u c t i n g   f u r t h e r   e x p l o r a t i o n   i n   t h e   n o r t h e r n   s p a t i a l   d e n s i t y  
r e l a t ive   t o   l a rge   (mos t ly   bedded)   depos i t s .  It provides  some geo log ica l  

high. 

SLOCAN CITY CAMP 

Visual   examinat ion   of   the   d i s t r ibu t ion   of   depos i t s   in   S locan   Ci ty  camp 
shows t h a t   t h e   d i s t r i b u t i o n  is asymmetric wi th  a small a r e a   o f   r e l a t i v e l y  
h igh   dens i ty   and  a much l a r g e r   a r e a   m a i n l y   t o   t h e   e a s t ,  of much lower 
d e n s i t y   ( F i g .  88). A g r i d   s e r v i n g   f o r  one p a r t  may n o t   s e r v e   f o r   t h e  
o the r .  However,  a g r i d   s i z e   c o n t r o l l e d  by the   l e s s   dense   a r ea  w i l l  
s e rve ,   gene ra l ly  a t  least, fo r   t he   dense r   a r eas .  The contoured results 
of  Figure  88  for  Slocan  City camp based on  a 2 by 2-kilometre  contouring 
g r i d  cel l  cannot   be   improved   s ign i f icant ly  by the  use  of a s m a l l e r   c e l l  
s ize .  High s p a t i a l   d e n s i t i e s  form a horseshoe-shaped  zone  with low 
va lues   bo th   i n   t he   co re   and   su r round ing   t he   ' ho r seshoe . '   Bns ide r ing   t he  
' s t r u c t u r a l '   n a t u r e   o f   t h e  camp and known zonal   pa t te rns ,   the   'horseshoe '  
p r o b a b l y   r e f l e c t s  a f u n d a m e n t a l   a t t r i b u t e  of the camp. For  example, 

diameter)  might be  produced  during  emplacement  of  an  underlying  hypa- 
n e a r - c i r c u l a r   f r a c t u r e   p a t t e r n s  on t h i s   s c a l e   ( a p p r o x i m a t e l y  4 ki lomet res  

b y s s a l   i n t r u s i o n .  If such i s  the  case,   the   'opening '  i n  the  horseshoe 
may r e p r e s e n t   a n   a r e a  of e x p l o r a t i o n   i n t e r e s t   b e c a u s e  a c i r c u l a r   p a t t e r n  
could be expected. 

260 



SLOCAN C A W  

In Slocan camp it is advantageous to examine s p a t i a l   d e n s i t i e s  at two 
d i f f e r e n t   s c a l e s  of contouring  gr ids .  A large  contoctring  grid.  cel l  
d e f i n e s  a s imple  densi ty   high  a long a north-northwest :   d i rect ion and 
a l l o w s   f o r   c l e a r   d e f i n i t i o n  of the camp. However, the camp con ta ins  a 

d e t a i l e d   s t r u c t u r e  t o   s p a t i a l  d e n s i t i e s  exists. An example shown on 
very   l a rge  number of depos i t s  and the p o s s i b i l i t y  of d,etermining some 

Figure 91 is based on  a count ing window cel l  s i z e  of 1 by 1 kilometre  and 
shows c l e a r l y   s e p a r a t e   g r o u p s   o r   c l u s t e r s  of pas t   p roducers .  As i n  o the r  
examples, a c o n s i d e r a b l e   s u b j e c t i v i t y  e x i s t s  i n   a t t e m p t h g   t o   i n t e r p r e t  
t h e   s p a t i a l   d e n s i t y   p a t t e r n s .  

TROUT LAKE CAMP 

Trout   Iake  camp rep resen t s  somewhat d i f f e r e n t   d a t a   t h a n  do the o the r  

d e p o s i t s   r e p o r t e d  i n  the camp have  produced.  Instead  of  cont:ouring 
t h r e e  camps cons ide red   t o  this poin t .  Only a small  poxtion  of  the 180 

s p a t i a l   d e n s i t i e s  of pas t   p roducers ,  we have   con toured   spa t i a l   dens i t i e s  

w i t h   t h e   r e s u l t i n g   p a t t e r n .  The re su l t s ,   based  on a contouring  gri.d ce l l  
of a l l   r e c o r d e d   v e i n s  and  compared the p o s i t i o n s  of 45 known producers 

of 2 by 2 k i lome t re s ,   a r e  shown  on Figure 92. Clea r ly ,   s eve ra l   s epa ra t e  
major clusters of d e p o s i t s  are evident.   Within  each of these cl.usters 
are wel l -def ined   h ighs .   P lo t ted   pos i t ions  of producers l i e  within the 
high  contours.  As with the Ainsworth camp, an  exp:tanation is not  
o b v i o u s ,   p a r t i c u l a r l y   s i n c e   h e r e  we do not   appear   to   have   the   poss ib i l i ty  
of  two separate  genetic  models.   Furthermore,   there is the poss: tbi l i ty  
t ha t   i n t ense   exp lo ra t ion   i n   t he   immedia t e   v i c in i ty  of  a l a rge   depos i t  
w i l l  g ive rise t o  more small d i scove r i e s .   In   o the r   mcds ,  the associ-  
a t i o n  of past producers   with  areas  of h i g h   s p a t i a l   d e n s i t i e s   i o   s e l f -  
genera t ing .  This l a t t e r   e x p l a n a t i o n  may be  t rue i n  part ,  b u t  i t  does  not 
appear   to   p rovide  a t o t a l   e x p l a n a t i o n  i n  old camps t h a t  have  been 
thoroughly  explored  over a per iod of 70 or 80 years.  

wi th in   the   Trout  Lake area.  These s e p a r a t e   c l u s t e r s   r e p r e s e n t  a quan t i f -  
S p a t i a l   d e n s i t y   c o n t o u r s   c l e a r l y  de f ine  th ree  separate c l u s t e r s  of camps 

cation of previously  recognized mineral b e l t s .  

Because  of  the very narrow  widths of t h e   m i n e r a l   b e l t s   ] r e l a t i v e   t o   t h e i r  

c o n t o u r s   a p a r t  from the   a s soc ia t ion  of p a s t   p r o d u c e r s   w i t h   s p a t i a l  
l eng ths ,  it is n o t   p o s s i b l e   t o  see any structure i n  the s p a t i a l   d e n s i t y  

dens i ty   h ighs .  

DISCUSSION 

d a t a  and i n t e r p r e t a t i o n .  One problem is i l l u s t r a t e d  by a major lode 
S p a t i a l   d e n s i t i e s  of minera l   depos i t s   o f fe r   p roblems  re la t ing  to bas i c  

a long   which   severa l   d i f fe ren t   depos i t s  are known -- a t  w!>at po in t   does  a n  
o re   shoo t   a long  a lode become a s e p a r a t e   e n t i t y  for contouring  purposes? 
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We have  ignored t h i s   q u e s t i o n  by accep t ing   i nd iv idua l   min ing   p rope r t i e s  
as indiv idua l   depos i t s .   Converse ly ,  two sepa ra t e   ve ins  from a s i n g l e  
p rope r ty  may have the i r   p roduc t ion   da t a  combined i n  which case s p a t i a l  
dens i ty   con tour s  w i l l  produce a n  overly  smoothed  pattern.  

Newly f o u n d   d e p o s i t s   a f f e c t   s p a t i a l   d e n s i t y   c o n t o u r s   d e r i v e d  from a d a t a  
base  of known depos i t s .  Of c o u r s e ,   s p a t i a l   d e n s i t i e s  become under- 
e s t i m a t e s   i f  new depos i t s   a r e   found   w i th in   t he   bo rde r s  of a camp. It is 
p o s s i b l e   t h a t  new d e p o s i t s  w i l l  be  found ou t s ide  the margins  of a camp 
and  add t o   t h e   a r e a  of a camp. I n   t h i s  lat ter case it is u n l i k e l y   t h a t  

are b iased  on the low s i d e  of r e a l i t y .  I n  l ong   e s t ab l i shed  camps t h a t  
average spatial d e n s i t i e s  will c h a n g e   g r e a t l y .   O v e r a l l ,   s p a t i a l   d e n s i t i e s  

have  undergone  explorat ion  for  many decades,  such as are s tudied   here ,  
t h i s   b i a s  is l i k e l y   t o  be s l i g h t  i n  terms of minera l   occur rences   bu t  
could be s u b s t a n t i a l ,   a t   l e a s t   l o c a l l y ,  to metal d i s t r i b u t i o n   c o n t o u r s .  

Average metal endowments  of several   mining camps can  be  compared.  For 
example,   average  s i lver  endowment in   S locan   C i ty  camp, based on known 
product ion  and the  camp limits shown  on Figure 88, is  about 1 325 000 
grams s i l v e r  per square  ki lometre .  The comparable   f igure  for   Ainsworth 
camp, based on t h e  camp limits of Figure 90, is about  2 457 000 grams per 
square  ki lometre .  

me use of metal s p a t i a l   d e n s i t y  contours appears a practical means of 

duc t ion   and/or   resources  are not   concent ra ted   in  a few depos i t s .  Even 
gene ra l i z ing   r e source   (me ta l )   p roduc t iv i ty  i n  mining camps where  pro- 

where many d e p o s i t s  e x i s t ,  metal product iv i ty   can   change   dramat ica l ly  
o v e r   s h o r t   d i s t a n c e s  and  logari thmic  values   for   contours   are   desirable .  
Most d e p o s i t s  were found  over a few y e a r s   i n   t h e   e a r l y   h i s t o r y  of t h e  
camps considered  here .  Modern exploration  concepts  and  methods  applied 
t o   t h e s e  camps h a v e   n o t   y e t   r e s u l t e d  i n  a marked  improvement ( i n c r e a s e )  
i n   t h e  number of f i n d s ,  as might be expected if e x i s t i n g   s p a t i a l  
d e n s i t i e s  are highly  biased.  This is  a n  i n t e r e s t i n g   c o n c l u s i o n   t o  emerge 
from a n  eva lua t ion  of s p a t i a l   d e n s i t y  maps,  and some i n d i c a t i o n  of  the 

e v a l u a t e   r e c e n t   o r  new d i scove r i e s  i n  t h e   l i g h t  of their p o s i t i o n s  
importance  of rates of  discovery becomes apparent ,   as   does  the  need  to  

r e l a t i v e   t o  known s p a t i a l   d e n s i t i e s .  

CONCLUSIONS 

( 1 )  Average s p a t i a l   d e n s i t i e s  of d e p o s i t   l o c a t i o n  and metal endowment 
da ta ,   a l though  b iased ,   represent   usefu l  means of  comparing  vein 
camps. 

( 2 )  In some cases spatial d e n s i t i e s  have i n t e r n a l  p a t t e r n s   t h a t  may 
provide  some i n s i g h t   t o   s p e c i f i c  small a r e a s   w a r r a n t i n g   a d d i t i o n a l  
e x p l o r a t i o n   o r  i n  provid ing  an a d d i t i o n a l  framework for   conceptua l  
models  of  mineralization. 
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c l u s t e r s   w i t h  many small depos i t s .  I t  appears  that: these associa-  
In many cases   the   l a rge ,   va luable   depos i t s  i n  a vein camp occur   in  

t i o n s  may a r i se   t h rough   compl i ca t ed   gene t i c   h i s to rks ,   such  as e a r l y  

o t h e r   c a s e s   t h e   c l u s t e r i n g  of   large  deposi ts   wi th many smaller  ones 
formed  deposits  being  mobilized  to  produce  younger  deposits.  I n  

may be purely a ques t ion  of c l u s t e r s  of s t r u c t u r e s ,   a l l   m i n e r a l i z e d  
a t  more or less the same time. 

reasonable  i n  the camps examined  here.  The  implication o:E t h i s  
The s u g g e s t i o n   t h a t   s p a t i a l   d e n s i t i e s  are highly  hiased seems un- 

s ta tement  is t h a t   r e l a t i v e l y  few veins  remain t o  be  found w i t h i n  t he  
camps themselves. 
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and 
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Department  of  Geological  Sciences,  The Univers i ty   o f   Br i t i sh  Columbia 

INTRODUCTION 

A worldwide  associat ion is known t o   e x i s t  between  tabular  to  1ent. icular 
bodies   of   magnet i te-apat i te  and a lka l ic   rocks   occur ing  i , n  a vo lcanic   o r  
subvolcanic  environment.  Major  examples  include: ( 1 )  Park 's   (1972)  
b r i e f   d e s c r i p t i o n s  of the  occurrences of magnet i te-apat i te   bodies  i n  
Chi le ,  P e r u ,  Mexico, Ca l i fo rn ia ,   Ph i l ipp ine   I s l ands ,  and Aus t r a l i a ;  ( 2 )  
Gei je r ' s   (1931,   1960)   descr ip t ions  of the famous apa t i t . e   i ron   o res  of 
Kiruna, Sweden; ( 3 )  Kisvarsanyi  and  Proctor 's   (1967) work on i r o n  
d e p o s i t s  i n  southwest  Missouri; and ( 4 )  Kolker's  (1982)  review of i ron-  
t i tanium  oxide and a p a t i t e   l o c a l i t i e s  i n  Vi rg in ia ,  New York, plebec, 
Norway,  and  Sweden. 

Magnet i te-apat i te   bodies   associated  with  Precambrian  a lkal ic   rocks  in  
Canada  have  been  noted i n  t he  Great Bear ba tho l i th ,   Nor thwes t   Te r r i t o r i e s  

Mesozoic  rocks a t  Galore  Creek  porphyry  copper  deposit,  northw,estern 
(Badham  and Wrton ,   1976) .  I n  B r i t i s h  Columbia similar lodes  occur i n  

B r i t i s h  Columbia  (Davis,  1962), and i n  t he  Copper Mountain i n t rus ion   nea r  

This  study is  concerned  with  magnetite-apati te  lodes in the Iron Mask 
the  Ingerbel le   porphyry  copper   deposi t  i n  south-cent ra l  B r i t i s h  Columbia. 

b a t h o l i t h .  

GEOLOGICAL SIWIIHG 

The Iron Mask b a t h o l i t h   l i e s  i n  a n o r t h e r l y   t r e n d i n g   b e l t  of  Upper 
Tr i a s s i c   vo lcan ic   rocks  known as   the  Nicola  Group (Fig.   93),   which  range 

Cockfield,  1948; Pre to ,   1977) .   Argi l l i t e ,   l imes tone ,  and conglomerate 
i n  composi t ion  f rom  basal t   to   t rachyte-daci te   (Northcote ,   1975;  

have  also  been  noted  within  the  group i n  o ther   a reas   (Cockf ie ld ,  1948; 
McMillan,  1978;  Schau,  1970). To t h e   n o r t h   t h e   b a t h o l i t h  is o v e r l a i n  by 
Early  Tert iary  volcanic   and  sedimentary  rocks.  

Two major p lu tons  form the I ron  Mask ba tho l i th   (F ig .   93 ) .  The l a r g e r  one, 
t h e  Iron Mask p lu ton ,   cons i s t s  of a number  of successively  emplaced, 
d i f f e r e n t i a t e d  u n i t s ,  whereas the smal le r ,  more northerly  Cherry  Creek 
p l u t o n   c o n s i s t s  of only  the  youngest u n i t .  Figure 94 sholas the  northwest 

267 

ldegroot
1982



. 
0 1 2 kilometres - 
0 0.5 1 miles 

Nicola volcanics 

a Cherry Creek unit; Breccia 

ml Pothook diorite 

w d  lronmask hybrid 

< Magnetite-Apatite 
dyke (dipping) 

PERCENT DISSEMINATED 
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F i g r e  94. S l n p i l f i e d   g e o l o g   ( a f t e r   N o r t h c o t e ,  1977a) shar ing  abundance of disseminated 

Cherry  Creek unlts.  b t a  on m a g n e t i t e   a r e   f r o m   t h i s  study  and M a t h w s  (1941). 
m q l n e t i t e   a n d   d l s t r l b u t l o n  of magnet i te -epat i te  dykes i n  Fbthook ( d i o r i t e )  and 
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major  rock u n i t s  and  magnetite-apati te  lodes  can be oblserved.  These 
end of the   I ron  Mask p lu ton ,  where r e l a t i o n s h i p s  among seve ra l  of the  

u n i t s   a r e   d e s c r i b e d  below,  with  emphasis on assoc ia ted   magnet i te  

d e s c r i p t i o n s  by Northcote  (1975,  1977a,  1977b). 
mine ra l i za t ion .   Subd iv i s ion   o f   t he   un i t s   i n   t he   I ron  Mask pluton  fol lows 

P icr i te  occurs   as  small, faul t -bounded,   lent icular   bodies .   ( too small t o  

commonly associated  with  copper   prospects  (Carr, 1956; Qrr and  Reed, 
show on Figs.  93  and  94) of s e r p e n t i n i z e d   b a s a l t i c   r o d : .   P i c r i t e  i s  

1976).   Chromium-rich  magnetite  occurs  as  f ine  anhedral  grains i n  t he  
mat r ix   and   as   g ra ins   a long   f rac tures   in   se rpent in ized   o l . iv ine .  Volume 
c o n t e n t  of  magnetite i s  genera l ly   h igh ,  but v a r i e s  from t r a c e  amounts t o  
15 per   cent .  

mafic fragments i n  a d i o r i t i c  matrix. Magnetite and  copper su lphides  are 
I ron  Mask hybrid u n i t  is agmat i t ic ,  c o n s i s t i n g  of  angular and  rounded 

common i n   t h i s   u n i t .  Only  one  sample of the  uni t ,   cont , l ining  about   10 
volume per   cent   magnet i te ,  was taken for minor e leme~l t  a n a l y s i s  of 
magnetite. 

Pothook d i o r i t e   u n i t ,   g r a d a t i o n a l  i n  composition  between  Iron Mask hybrid 
and  Cherry  Creek  ' syeni te ' ,  is medium to   coarse   g ra ined ,   1 .oca l ly   d i sp lays  
cumulate textures,  and i s  mafic   r ich.   Magnet i te   content   averages  about  
1 0  p e r  c e n t  a n d   o c c u r s   a s   i n t e r s t i t i a l   g r a i n s .  Most known magnatite- 
a p a t i t e   l o d e s  and a l s o  a number of small  copper  showings  which  are 
commonly assoc ia ted   wi th   b recc ia   occur   wi th in   the   un i t   (F ig .   94) .  

Sugar loaf   un i t   (Pre to ,   1968) ,   no t  known wi th in   t he   a r ea  cbf Figure 94, i s  
a d io r i t e   con ta in ing   ho rnb lende  and fe ldspar   phenocrys ts  and only   t race  
magnetite.  Copper mine ra l i za t ion  is common i n   t h i s   u n i t .  

Cherry  Creek  'syenite'   (Preto,  1968) i s  a p o r p h y r i t i c   u n i t  rangi.ng i n  

atundant.   Subhedral magnetite gra ins ,   about  5 per c e n t  by volume, occur 
conpos i t ion  from d ior i te  to  syen i t e .  A monzonite  conposit ion is t h e  most 

e i t h e r   i n t e r s t i a l   t o ,   o r   w i t h i n ,   m a f i c   m i n e r a l s .   I r r e g u l a r   b o d i e s  of 

pluton  and  host   porphyry-type  copper   mineral izat ion.  The Afton  copper 
i n t r u s i o n   b r e c c i a   a r e  common along  the  northern  margin c8f the   I ro~n Mask 

depos i t   (F ig .   94 ;  Qrr and  Reed,  1976) i s  the  most  important  porphyry 
d e p o s i t   i n   t h e   I r o n  Mask b a t h o l i t h  and i s  located  only 1.25 k i lomet res  
no r thwes t   o f   t he   l a rges t   magne t i t e - apa t i t e   l odes ,  which a r e  known a s  the 
Magnet  showings  (Fig.  94). 

Magnetite  atundance i n  t he   p rev ious ly   men t ioned   un i t s   a r e  shown schemati- 
c a l l y  on Figure 94. A discordant  decrease  in  magnetite  alxndance  between 
t h e  Pothook d i o r i t e  and the  Cherry  Creek  'syenite'  i s  ev ident  :in the 
diagram and  from d a t a  i n  Table 1. A corresponding  increase i n  a p a t i t e  
between  Pothook  and  Cherry  Creek un i t s   (Tab le  1 )  has  alrio  been  noted by 
Mathews (1941).  
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FORM AND DISTRIBUTION 

wi th   sharp ly   def ined   wal l s   tha t   vary  i n  width  from less than 1 cen t imet re  
Most magnetite  lodes  (Cann,  1978)  occur  as  steeply  dipping  tabular  bodies 

mine.  Although  lodes  are  generally  steeply  dipping, some d i p   a s  l i t t l e  
t o  3 metres a t  the  Magnet  showing  (Fig.  94)  and 6 metres  a t  the  Glen  Iron 

as 40 degrees south  ( f o r  example, Eloose showing, Fig. 94) .  The lodes 

has   been  fol lowed  for  more than 200 metres, i n  p a r t   b e c a u s e  of l imi t ed  
t e n d   t o   s p l i t   a t   i r r e g u l a r   i n t e r v a l s  and  end abrupt ly .  No s i n g l e   l o d e  

outcrop. 

Along the  northwestern  margin  of  the  Iron Mask p lu ton  and a t   t h e  Glen 
Magnet i te   lodes   a re   concent ra ted   a t   the   nor thwes t   end   of   the   ba thol i th .  

I r o n  mine,  most l odes   t r end   ea s t e r ly ;  however,  those a t  the Magnet  and 
I ron  Cap t rend  northwester ly .  They are i n t e r p r e t e d  to be dykes. 

MINERALOGY AND TEXTURES 

e x c e l l e n t .  Lodes a t   t h e  Magnet showing cons i s t   p redominan t ly  of  massive 
The  Magnet showing was s tud ied  i n   t h e  most de t a i l   because   exposures   a r e  

m a g n e t i t e   t h a t   c o n t a i n s   w h i t e   o r   p a l e   p i n k   e u h e d r a l   a p a t i t e   c r y s t a l s  up 
t o  3 cent imetres   long,  and p r i sma t i c   amph ibo le   c rys t a l s  up t o  6 c e n t i -  
metres   long.   Amphibole   and  apat i te   crystals   f requent ly   occur  i n  l a y e r s  

walls of the   lodes ;  t e x t u r e s  a r e  sp in i f ex - l ike  and  might   resul t  from 
a d j a c e n t  t o   t h e  walls of the  lodes. Long axes are p e r p e n d i c u l a r   t o  t h e  

quenching a t  the  margin  of  the  dyke.  Polished  sections  of  massive 
magnet i te  show an   euhedra l   o r   subhedra l   g ranu la r   t ex tu re ,   w i th   i nd iv idua l  
grains   ranging  f rom 0.1 t o  0.5 mi l l ime t re  i n  d iameter .   Tra ins   o f   sp ine l  

boundaries.  When etched  with  bromic  acid,  one sample displayed  an 
i n c l u s i o n s  less than 30 microns i n  d i a m e t e r   p a r a l l e l  some g r a i n  

ex t r eme ly   f i ne   c rys t a l lo -g raph ic   exso lu t ion   t ex tu re  of i lmen i t e  i n  
magnetite.  

Ad jacen t   t o   t he  main dykes ,   numerous   subpara l le l   dykele t s   a re   o f ten  
a l n d a n t  enough t o  form a cr isscrossing  network;   most   are  less than 5 

270 



met res )   a r e   b recc i a s   con ta in ing  numerous angular  t o  subrounded  inclusions 
cent imet res  wide. Some dykes  of  intermediate width (1 I) t o  15 c e n t i -  

o f   hos t   rock .   Dykele t s   a re  commonly enclosed by a 1 to   Z-~ni l l imetre-wide 
p ink   a lb i t i zed   enve lope ,  and  occasional ly   contain narrow  e.pidote  cores. 

A t  t he  Magnet showing p y r i t e  and cha lcopyr i te   occur  i n  veins   a long 

mine ra l i za t ion  i s  pos t -magnet i te .  In   genera l ,   magnet i te , -apa t i te   bodies  
f r a c t u r e s  i n  m a g n e t i t e - a p a t i t e  d y k e s ,   i n d i c a t i n g   t h a t   s u l p h i d e  

a t  Afton  are  sulphide  poor,   probably  because  they  contain f e w  f r a c t x r e s .  
Late-s tage  veins  of d rusy   ca l c i t e   c ros scu t   magne t i t e  and  sulphide 
minera l iza t ion .  

MINOR AUD MAJOR EL- IN MAGNETITE J?RM IROW IUSK BATHOLITH 

Charac te r i za t ions  of magnetite from the   I ron  Mask b a t h o l i t h  have  been 

by electron  microprobe  and i n  terms of minor   e lement   content   a lone  as  
done on overal l   composi t ion  based on major  and  minor  oxides  as  determined 

determined by atomic  absorption.  For  conparative  purposes  magnetite 
samples have  been  grouped by form (disseminated  or  massive)  and  host   rock 
( s y e n i t e ,   d i o r i t e ,   p i c r i t e ) .   S y e n i t e   a s   u s e d  i n  t h i s   s t u d y  i s  equ iva len t  

D i o r i t e  i s  equ iva len t   t o  the Pothook  and Iron Mask hybrid u n i t s  (Fig.  
t o   t h e  Cherry  Creek u n i t ,  which inc ludes   syeni te ,  monzonite, and d i o r i t e .  

9 4 ) .  Samples were  grouped on t h e   b a s i s  of   pe t rographic   ana lys i s ,  mapping 
by Northcote  (1977a.  1977b1,  and  examination  of  samples by Northcote 
(personal  communication,  1977). 

and  disseminated  magnetite  through a jaw  and cone  crusher ,   fol lohed by 
L ibe ra t ion  of  magnetite was achieved by pass ing  a l l  sanples  of  massive 

pulver iza t ion   be tween  ceramic   p la tes  u n t i l  t he  sample passed  through a 

concentrated u s i n g  a repeated  cycle  of  underwater  magnetic  separation  and 
100-mesh nylon sieve.  Massive  magnetite w i t h  little gan ,pe  w a s  r ead i ly  

g r ind ing  by hand wi th   ce ramic   mor t a r   and   pes t l e   un t i l   t he   des i r ed   pu r i ty  
of grea ter   than  95 volume per  c e n t  magnetite w a s  obtained.  Magnetite 
d i s semina ted   i n   i n t rus ive   rocks  and massive  magnetite  with  alxindant 
gangue   requi red   in i t ia l   rough  separa t ion   wi th   an   Ec iez  Wet Drum Magnetic 
Separa tor   and   dens i ty   separa t ion  i n  bromoform before   us ing   the  method 
descr ibed   prev ious ly .  

p l a n t i t a t i v e   a n a l y s i s   o f   m a g n e t i t e   € o r   c o b a l t ,  chromium,  copper, 
manganese,  magnesium, nickel,   lead,  t i tanium,  vanadium, arid z i n c  was done 

used   fo r  chromium, copper, magnesium,  manganese,  vanadium,  and z inc  
by atomic  absorption  spectrophotometry.  A Varion-Techtron A?+-4 u n i t  was 

a n a l y s i s ,  and a Perkin-Elmer  model 303 uni t   wi th   background  cor rec t ion  
(Fletcher ,   1970)  was used  to  determine  cobalt ,   nickel,   and  lead. 
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Titanium was determined a t  a commercial f a c i l i t y ,  Min-En Labora tor ies ,  
North  Vancouver. Sample d i g e s t i o n  and a n a l y t i c a l  methods were similar to 
those  of Nakagawa (1975) ,   except  that  i n   t h i s   s t u d y  (calcium w a s  n o t  
removed  from s o l u t i o n s   p r i o r   t o   a n a l y s i s .  

Microprobe  analyses were done on an ARL-SEMQ ins t rument  (Cann, 1979).  

c o r r e c t i o n s  were app l i ed   u s ing  a computer  program  developed by Fucklidge 
Background,  deadtime,  absorption,  atomic number, arid f luorescence  

and Gaspar r in i  ( 1969). 

CWPOSITION OF MAGNETITE SAMPLES PROM IRON I(ASK BATHOLITH 

determined  using  the  e lectron  microprobe.   Resul ts  of t.he ana lyses  are 
Compositions of 1 3  disseminated  and  massive  magnetite  samples: were 

d i s p l a y e d   i n   T a b l e  2 and p l o t t e d  on Figure 95. A minimum of t h r e e  
m a g n e t i t e   g r a i n s   p e r  sample were analysed.  For  purposes;  of  determining 

were cons idered .   Molecular   per   cen t   u lvospine l  was ca lcu la ted   based  on 
average  conposi t ions,   only  analyses   with  totals   exceed: tng 97  pe.r c e n t  

the  measured  t i tanium  content.  

Cr203+Ti02 DISSEMINATED 

0 Syenite host 

A Diorite host 

0 .Picrite host 

MASSIVE 
Syenite host 

A Diorite host 

FeO Fe203 

Flgure 95. Conposition of magnetite from  Iron b s k  b a t h o l i t h  In terms  of  molecular per cent  
FeO-Fe203-TIOpCr203. 
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F i g r r e  96. Mean minor  elermnt  content  of masslve and  disseminated  magnetlte 

i n   s y e n i t e ,   d l o r l t e ,  and p l c r l t e ,   I r o n  Mask b a t h o l i t h .   E r r o r  
bars s h w  t h e   s t a n d a r d   e r r o r   o f   t h e   m a n .  b t a   a r e  from  Table 2. 
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h a s  a composition which is d i s t i n c t  from disseminata3  and  massive 
Inspect ion  of   f igure 95  shows t h a t  chromium-rich  magnetite from p i c r i t e  

m a g n e t i t e   i n   s y e n i t e   a n d   d i o r i t e .  me composition  of  this;  chromium-rich 
magnet i te  is similar to  composi t ions   repor ted   for   magnet i tes  from 
b a s a l t i c   r o c k s   ( T a b l e  Hg-20 i n  Haggerty,  1976). 

Lode magnetite  and  disseminated  magnetite from s y e n i t e   a n d   d i o r i t e   p l o t  
i n  a compact   c luster .  There is  no s t a t i s t i c a l  d i f f e r e n c e  ( a t  99 per  c e n t  
conf idence  limits) between  the means and   s tandard   devia t ion   of   ox ides   in  
disseminated  magnet i te   f rom  syeni te   or   f rom  dior i te .   Comparison  of  
ox ides   i n   d io r i t e -hos t ed   mass ive   magne t i t e  t o  those j.n d i o r i t e  and 
syeni te -hos ted   d i sseminated   magnet i te  shows a s ign i f i can t   #d i f f e rence   on ly  

CaO. lhe a lmos t   i den t i ca l   compos i t ion  of  lode  and  disseminated  magnetite 
i n  t h e  mean V202  content   and t h e  s tandard   devia t ions   o f  Si02,  Ti02, and 

f r o m   s y e n i t e   a n d   d i o r i t e   s u g g e s t s  close g e n e t i c   a s s o c i a t i o n s .  

COMPOSITION OF APATITE IN  UAGNETITE LODES 

The apat i te  a n a l y s i s   i n   T a b l e  3 is the  average  of s i x  e lectron  microprobe 
a n a l y s e s  of t h r e e   c r y s t a l s  of apat i te   in   massive  magnet i te   f rom  the G l e n  
I r o n  mine (Fig.  93).  Composition  of apat i te  is uniform  between  crystals.  
A d d i t i o n a l   a n a l y t i c a l   t r a v e r s e s  from centre to edge of an  i n d i v i d u a l  
c r y s t a l  showed  no  zoning.  Glen  Iron a p a t i t e  is f l u o r i n e   r i c h ,  whj~ch is 
a l s o   t y p i c a l   o f   a p a t i t e  i n  t he  magmatic  Kiruna i r o n   o r e s   ( F r i e t s c h ,  
1978). 

MINOR ELJSlENTS IN  HAGNETITE 

Mean minor  element  abundances i n  disseminated  magnet i te   f rom  syeni te ,  
d i o r i t e ,   s y e n i t e   p l u s   d i o r i t e ,  and picri te,  and  minor  element  abundances 
i n  magnetite'  f rom  syeni te   and   d ior i te -hos ted   magnet i te -apa t i te   lodes   a re  
summarized i n  Table 4. A l l  var iab les   repor ted   have   lognormal   dens i ty  

d e v i a t i o n s   a r e  repor ted .  Zero va lues  were assumed t o  be 0.1 f o r  purposes 
d i s t r i b u t i o n s ;  consequent ly ,  geometric means and CorresFonding s tandard  

of log transformations.   Copper and  lead   a re   no t   inc luded ,   due   to   poor  
a n a l y t i c a l  or sampl ing   prec is ion  as revealed by a nes t ed   ana lya i s  of 
va r i ance   (Gr i f f i t h s ,   1967) .  

Element  abundances i n  massive  magnetite  and i n  syen i t t ? ,   d io r i t e ,  and 
p ic r i te -hos ted   d i sseminated   magnet i te  are shown schemat ica l ly  on Figure 
96 .   Severa l   po in ts  are  well d isp layed  by the  diagram,  namely: 

( 1 )  minor  element  abundances are very similar i n   d i o r i t e  and  syeni te-  
hosted  disseminated  magnet i te ,  

( 2 )  minor element abundances  in  disseminated  magnetite i n  p i c r i t e  are 
marked ly   d i f f e ren t  from those i n  a l l  o ther  magnetite!;, and 
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( 3 )  minor  e lements   in   massive  nagnet i te  show a similar d i s t r i b u t i o n  to 

f o r   s t r o n g   d e p l e t i o n   o f  chromium and  titanium,  and weak d e p l e t i o n  of 
t h o s e   i n   s y e n i t e  and  dior i te-hosted  disseminated  magl le t i te ,  except 

vanadium in  massive  magnet i te .  

S t a t i s t i c a l   c o m p a r i s o n  of means and  variances a t  99 per cent   conf idence  

i n  s i x   o u t  of eight  elements,   abundances  in  massive  magnetite are 
limits confirms the previous ly   descr ibed   observa t ions   and  also shows t h a t  

s i g n i f i c a n t l y  closer to those   in   d i sseminated   magnet i te  frcmm syen i t e   t han  
to those  in   disseminated  magnet i te  from d i o r i t e  (Cann,  1979). 

COIPARISON OF MINOR EL- I N  NAGNETITB LODES I N  IRON IVSK ~ ~ L I ! ~  
WITe WINOR ELEMENTS Ils UAGNETITE DmOSITS I11 OTHER AREAS 

Variances and means of  elements i n  Iron Mask magne t i t e - apa t i t e   depos i t s  
h a v e   b e e n   s t a t i s t i c a l l y  compared to those  of Missouri and Swedish 
depos i t s   and  show that a t  the 99 per cen t   con f idence   l eve l  s ta t i s t ica l  
d i s t r i b u t i o n  of most minor  elements i n  magnet i te   of   the  1:ron Uask lodes 
are similar (Fig.  97) to those f o r  magnet i te   f rom  thr t?e   deposi ts   in  
Missouri   (Kisvarsanyi   and  Proctor ,   1967)   and  four   deposi ts  i n  Kiruna, 
Sweden (Pardk,  1975, pp. 199-202). %is s ta t i s t ica l  s i m i L a r i t y  for most 
elements  is read i ly   appa ren t  on Figure 97,  and r e in fo rces   t he   i n t e r -  
p r e t a t i o n   t h a t  Iron Mask magnet i te-apat i te   lodes  have an  i n t r u s i v e -  
magmatic   or igin,   l ike   the  Kiruna  and  Missouri   deposi ts .  

4.0 

3.0 

E 
2.0 

- m 
0 

1.0 

0 

A. 

I 
Mg V Ti Mn Cr Ni Co Zn 

FIgure 97. klthnetlc means of m l n a  element abrndances In 
magnetlte  from Iron Mssk lodes, and mqmtlc 
magnetiteapatite deposlts tromMIssouri, U.S.A. 
and  Kiruna,  Sweden. See text for reterences to 
data. 
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I SYMBOLS 1 Cherry  Creek  Breccia  Massive  Magnetite- 
Apatite 1 1 m l  Nicola  Agglomerate (melt,  laminated,  lode) 

r] 2-,>;:, ,',;' ;I Pothook  Diorite 

ml Iron Mask  Hybrid 

F l y r e  98. Dlagrammtlc   cross-sect lms  ( lmzklng  east )  I l l u s t r a t l n g   g e n e s i s   o f   m a g n e t i t e  
a p e t l t e   l o d e s  I n  the   nor thwest   end   o f   I ron  h s k  pluton (see Flg. 94). Ib ference 
should be made t o   t h e  tex t  f o r   d e s c r l p t l m s  of t h e   s t a g e s  I I l u s t r a t e b  
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For s t a t i s t i c a l  comparison  with  Iron Mask magnet i te   deposi ts ,  minor 
e lement   data   for   f ive  metasomatic   magnet i te   deposi ts   and  one  hydrothermal  
magnet i te   depos i t  i n  t he  U.S.S.R. (Borisenko, e t  dl., 1969) were com- 
p i led .   ' lhese   da ta   sugges ted   tha t   metasomat ic   depos i t s  have  one-hundredth 
to  one-thousandth  the  nickel  and chromium con ten t s  of magmatic  magnetite- 

c a n t l y  less c o b a l t  and chromium than  magmatic  magnetite  deposits. 
a p a t i t e   d e p o s i t s  and that   hydrothermal   magnet i te   deposi ts   have  s ignif i -  

DISCUSSION 

Major  and  minor  element  data on magnetite and p e t r o l o g i c   a n a l y s i s   l e a d   t o  
s eve ra l   impor t an t   conc lus ions   r ega rd ing   t he   genes i s  of  magnetite  lodes i n  

on t h e   b a s i s  of the chromium  and n i c k e l  con ten t s ,   sha rp   con tac t s ,  and  the 
t h e   I r o n  Mask b a t h o l i t h .  A metasomatic  origin  can  probably be discounted 

counted on t h e   b a s i s  of higher  chromium content  than  other  hydroth'ermal 
tabular   nature   of   the   lodes.   Origin  as   hydrothermal   veins   can be d i s -  

a p a t i t e '  melt f eas ib l e   a t   geo log ica l ly   accep tab le   t empera tu res ,  a high 
ve in   depos i t s .   Never the less ,   to  make the   ex i s t ence  of  a 'magnetite- 

v o l a t i l e   c o n t e n t  is probably  necessary.   Park  (1972) and Geijer  (1967) 
po in t ed   ou t  the appa ren t ly   h igh   vo la t i l e   con ten t  of  magnetite-apati te 
dykes .   F luo r ine - r i ch   apa t i t e  i n  I ron Mask dykes  suggests   that   f luorine 
is a s i g n i f i c a n t   v o l a t i l e  component. 

C ~ L U S I O U S  

A model f o r   t h e   o r i g i n  of magnet i te-apat i te   lodes is presented on Figure 
98. It is  based on our   t race  e lement  i n  magnet i te   data  and on experi-  
menta l  evidence  for   magnet i te-apat i te   lodes.  

The sequence of events  is p ic tured  as fol lows:  

Po thook   d io r i t e .  With c o n t i n u e d   d i f f e r e n t i a t i o n  the r e s i d u a l  magma 
POTHOOK STAGE. C r y s t a l   s e t t l i n g   o f   p l a g i o c l a s e  and  pyroxene  to  form 

becomes inc reas ing ly   r i ch  i n  i r o n  as suggested by i n t e r s t . i t i a 1  
magnetite i n  Pothook  d ior i te   (Table  1 ) .  

a l k a l i c  i n  charac te r ,   the  magma e n t e r s  a n  immisc ib iL i ty   f i e ld   t ha t  
IMMISCIBLE STAGE. Near the p a i n t  where the  residual.  magma becomes 

is  expanded by h i g h   v o l a t i l e  components ( P h i l p o t t s ,  1967)  and  the 
' ox ide -apa t i t e '  melt s epa ra t e s  from t h e   s i l i c a t e  magma. The heavy 

and   coa lesce   to  form l a y e r s  and pools i n  Pothook d i o r i t e   a t   t h e  
' ox ide -apa t i t e '   d rop le t s  settle to  the  bottom  of t h e  magma chamber 

margins of t he  magma chamber (see Ramdohr, 1969, p. 8 ) .  

94;  Table l ) ,   c o n t i n u e s   c r y s t a l l i z i n g   a s   C h e r r y   m e e k   ' s y e n i t e . '  
MAGNET S T G E .  Res idua l   a lka l i c  magma,  now depleted i n  i ron   (F ig .  

Extrusion of Nicola  agglomerate  containing  Cherry ICreek fraqments 
(Northcote,   1977a)  occurs and emphasizes  the  near  surface and 

279 



cogenet ic   na ture  of the   i n t rus ion  and  Nicola  volcanic  rocks. 
I n j e c t i o n  of   magnet i te-apat i te  melt i n t o   f r a c t u r e s  formed i n  t he  now 
consol ida ted   sur rounding   in t rus ion   occurs   synchronous ly  w i t h  
e r u p t i o n s  of a l k a l i c  magma to   the   sur face .  Such a c t i v i t y   m i g h t   i n  
p a r t  resul t  from i n c r e a s i n g   v o l a t i l e   p r e s s u r e s .  

( 4 )  AFTON STAGE. I n c r e a s i n g   v o l a t i l e   p r e s s u r e   a t   t h e  end of magmatic 
d i f f e r e n t i a t i o n   e x c e e d s  external load   pressure   and   tens i le   s t rength  
of  the  surrounding  rocks  (Norton and Cath les ,   1973)   resu l t ing  i n  
explosive  emplacement  of  Cherry  Creek  breccias.  Orthomagmatic 
hydro thermal   f lu ids   fo l low  the   b recc ia   and   resu l t  i n  copper 
mine ra l i za t ion   a t   Af ton  and elsewhere i n  the  Cherry  Creek unit. 
Copper mine ra l i za t ion  C K O S S C U ~ S  t he   ea r l i e r   magne t i t e   l odes .  

Comparison  of  cross-section D (Afton  stage,  Fig.  98) to t h e   s i m p l i f i e d  
geologica l   p lan  of the  northwestern  end of the ba tho l i th   (F ig .   94 )  shows 
r e m a r k a b l e   s i m i l a r i t i e s   d e s p i t e   t h e   d i f f e r e n c e s   i n   p e r s p e c t i v e .  The 
de f i c i ency  of  magnetite  in  Cherry  Creek  syenite compared t o  Pothook 
d i o r i t e   ( F i g .  94;  'lbble 1)  is well explained by f r a c t i o n a t i o n  of the 
immiscible   i ron  oxides  from t h e   a l k a l i c  magma t h a t  crystal l izes  t o  form 
the  Cherry  Creek  unit .  The model a l s o   e x p l a i n s   t h e   c l o s e   s p a t i a l   a s s o c i -  
a t i o n  of the  lodes w i t h  m e r r y  Creek u n i t  as w e l l  as their common 
occurrence   wi th in   o r   near   the   i ron- r ich   Pothook  d ior i te .  

An impor tan t   impl ica t ion  from the model, regarding the r e l a t i o n s h i p  
between  magnetite-apati te  and  copper  mineralization a t  Afton, i s  t h a t   t h e  
same mgma phase was pa ren t  to both  the  magnetite  and  copper miner- 
a l i za t ion .   Magne t i t e   l odes  were formed before  a sulphide-rich  hydro- 
thermal  system became important.  Elsewhere i n  t he   ba tho l i th   magne t i t e  
occurs   as   f ragments  i n  a Cherry  Creek  phase  indicating  magnetite 
emplacement w a s  not  the last magmatic event  to take  place  (Cann,  1979). 

P i c r i t e s   a p p e a r   t o   b e  more p r imi t ive  and g e n e t i c a l l y   d i s t i n c t  from 
a l k a l i c  and d i o r i t i c   r o c k s   i n   t h e   b a t h o l i t h .  Thus copper   mineral izat ion 
t h a t  is s p a t i a l l y  and p o s s i b l y   g e n e t i c a l l y   r e l a t e d  to p i c r i t e ,   s u c h   a s  
t he   I ron  Mask mine, might  not be r e l a t e d   d i r e c t l y  to Afton-type 
minera l iza t ion .  This conc lus ion   has   d i r ec t   imp l i ca t ions  to mineral  
explorat ion  because it s u g g e s t s   t h a t   d i f f e r e n t   g e o l o g i c a l  models  apply to 
d i f f e r e n t   t y p e s  of  copper  occurrences  in  the  Iron Mask b a t h o l i t h .  

Our model f o r   i r o n  and copper   mineral izat ion  suggests   that   copper  
mine ra l i za t ion  is produced by l a t e - s t age  magmatic f l u i d s   t h a t   r e s u l t e d   i n  
formation of Cherry  Creek  breccias. A m g m a t i c   o r i g i n   f o r   c o p  er 
mine ra l i za t ion  is supported by Hoiles   (1978) ,  who found t h a t  the 6 s 
va lues  of su lphides  from the  Afton  deposi t   are   comparable   to   other  
d e p o s i t s  of magmatic  hydrothermal  origin  because  they are c lose  t o  0 per 
m i l  w i t h  a small   standard  deviation.  Alkaline-type  porphyry  deposits,  
such as Afton, are known to be s i g n i f i c a n t   o n l y  i n  the North  American 

Poss ib ly  the unique a l t e r a t i o n  and  mineralogy  of a l k a l i c   p o r p h y r i e s  
C o r d i l l e r a  i n  t he  region from Alaska t o  Idaho ( H o l l i s t e r ,   1 9 7 8 ) .  

34 
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r e s u l t  from s t rong   d i f f e ren t i a t ion ,   whereas   mine ra l i za t ion  i n  .talc- 
a l k a l i c   p o r p h y r i e s  i s  due to   co l laps ing   hydro thermal  systems t h a t  
involved  both  meteoric  and magmatic waters  (Taylor,  1974;  Whitney, 
1975) .  
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A coIpU'J!ER-BASED PROCEDURE POR QUANTIFYIYG GEOLOGICXL DATA 
FOR RESOURCE ASSBSSUENT 

BY A. J. Sinclair and A. Bentzen 
Department of  Geological  Sciences,  The Universi ty   of   Br . i t ish Columbia 

IUTRODUCTIOII 

A computer-based  procedure i s  descr ibed   for   quant i fy ing   geologica l   da ta  
a s  a pre lude   to   resource   assessment .  The method involves:  ( 1 )  d i g i t i z i n g  
geo log ica l   da t a ,  and ( 2 )  a series of  programs to make q u a n t i t a t i v e  
estimates of areas and d is tances   wi th   geologica l   s ign i f ic , snce .   Procedures  
desc r ibed   a r e   gene ra l  i n  na ture   bu t  i n  our  immediate  case  are  being 
a p p l i e d   t o   t h e  Guichon  Creek ba thol i th   ( inc luding   the   Highland   Val ley  
porphyry  copper  area)  as a basis   for   resource  assessment .  

A common method  of   coding  geological   information  for   inclusion in quant i -  
t a t i v e   r e s o u r c e  assessment and  exploration  modelling is to  superimpose a 
s q u a r e   g r i d  on a geo log ica l  map and r e c o r d   c h a r a c t e r i s t i c s   p e r t a i n i n g   t o  

used by Kelly  and  Sheriff  (1969) i n  t h e i r   e f f o r t s   t o   o u t l i n e  20 mile by 
each cel l  of t h e   g r i d  (see Agterberg,  1981).  Such a procedure ha.s been 

d i f f e r e n t   s c a l e   S i n c l a i r  and  Woodsworth  (1970)  coded geological   informa- 
2 0  mile cells i n  B r i t i s h  Columbia,  having a h igh   minera l   po ten t ia l .  A t  a 

by 2 miles. In a d i r e c t   a p p l i c a t i o n  to porphyry  copper  evaluation, 
t i o n  from t h e   T e r r a c e   a r e a   r e l a t i v e   t o  a g r id   w i th  a ce l l  s i z e  of i! miles  

Godwin and Sinclair   (1979)   developed a f i l e  of  geological,   geochemical,  
and  geophysical  data  for  the  Casino  porphyry copper-mol'fbdenum depos i t ,  

g r i d  on t h e  proper ty .  A l l  t h e  fo rego ing   s tud ie s  and m n y   o t h e r  c:ompar- 
Yukon W r r i t o r y ,   r e l a t i v e   t o  400 f o o t  by 400 f o o t  cells of an  explclration 

a b l e   i n v e s t i g a t i o n s  have  been  directed  toward a q u a n t i t a t i v e   a p p r o a c h   t o  
resource   eva lua t ion  i n  which some measure of value of  a ce l l  is r e l a t e d  

geologica l   var iab les   recorded  are generally  found i r k  the   fol lowing 
t o   g e o l o g i c a l  and o the r   va r i ab le s   coded   fo r   t ha t  cell. Types of 

categories: 

( 1  percentage of a ce l l  underlain by a p a r t i c u l a r  rock  type, 
( 2 )  d i s t a n c e  from c e l l  centre to a s p e c i f i c   g e o l o g i c a l   f e a t u r e ,  
( 3 )  spa t ia l   dens i ty   va lues ,   for   example ,   f rac ture   dens i ty ,  
( 4 )  l eng ths  of c o n t a c t s ,   f r a c t u r e s ,  etc., i n  a c e l l ,  and 
(5) (p ro jec t ed )   abso lu t e   a r eas  of nea res t   spec i f i c   rock   un i t s ,  etc!.  

Two problems i n  a manual  approach to coding  of  geological  informati .on  for 

methods  are  prone  to  mechanical  errors,  many of  which a r e   n o t   r e a d i l y  
c e l l s  of a g r i d   a r e :  ( 1 )  it is ted ious  and  time-consuming,  and ( 2 )  manual 

i d e n t i f i a b l e  i n  normal   edi t ing  procedures .  To overcome these  probl.ems we 
have  developed a computer-based  approach  for  the  estimation  of  geol.ogica1 
and   o the r   va r i ab le s   fo r  Cells of  a gr id .  This work i s ,  a p re lude   t o  a 
quan t i t a t ive   r e source   a s ses smen t  of  the  Guichon  Creek b a t h o l i t h  and e a r l y  
r e s u l t s  of t h i s   s t u d y  w i l l  provide  examples of our procedure. 
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DIGITIZING 
and 

GEOLOGY 
EDITING 

GEOLOGICAL 
MEASURE 

VARIABLES 

~ i ~ r e  99. F I ~  c h a r t  I I l u s t r a t i n g   t h e   g e n e r a l  
conputer-based  system  for  generating 

masurenents   as  a p r e l u d e   t o   r e s o u r c e  
a f i l e  o f   q u a n t i t a t i v e   g e o l o g i c a l  

assesYnent. 

PROCEDURE 

Our genera l   sys tem,   as   ou t l ined  i n  the   f low  char t  on Figure 99, inc ludes  
tw main elements:  

( 1 )  d i g i t i z i n g  and e d i t i n g  of map information,  and 
( 2 )  developnent  of a series of   subrout ines   to  make measurements r e l a t i v e  

to an a r b i t r a r y   g r i d  and d i g i t i z e d   d a t a .  

ea se   w i th  which a v a r i e t y  of ed i t ing   p rocedures   can  be  employed. An 
The p r inc ipa l   advan tages  of the  methodology  are its consis tency  and  the 

i m p o r t a n t   f e a t u r e  i s  t h a t  new combinations  ,of  variables  can  be  obtained 
r a p i d l y   i f   i n f o r m a t i o n  is digit ized,  whereas  normal  methods would r e q u i r e  
a n   a d d i t i o n a l   t e d i o u s   e f f o r t  of  measurement.  Perhaps  most  important i s  
t h e   f a c t   t h a t  s e n s i t i v i t y  of cel l  s i z e  on resource  assessment is more 
feas ib le   wi th  a computer-based  as  opposed to a manual  approach. 

DIGITIZING GEOLOGICAL- INFORMATION 

Creek  bathol i th   resource  assessment   s tudy.  A l l  phases   and   va r i e t i e s  of 
The d i g i t i z i n g   p r o c e d u r e  is i l l u s t r a t e d   w i t h   r e f e r e n c e   t o   t h e  Guichon 

b a t h o l i t h i c   r o c k s  were d i g i t i z e d   u s i n g   P r e l i m i n a r y  Map 30 (B.C. Minis t ry  
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of  Energy,  Mines  and  Petroleum  Resources,  McMillan, 1978) which  contains 

scale of the ent i re  b a t h o l i t h .  The d ig i t i z ing   p rocedure  was t o   o u t l i n e  
t h e  most d e t a i l e d  and  up-to-date  geological  information  available on the 

e a c h   s e p a r a t e   a r e a  of  a given  phase by a c losed   po lygona l   ou t l i ne   w i th   a s  
many points   as   necessary  to   honour   the  level  of d e t a i l  of the  base map. 
Very  small   areas  of  younger  or  older  rock were ignored. 

E d i t i n g  of d i g i t i z e d   d a t a   i n v o l v e s  a v a r i e t y  of procedures   including:  
( 1 )  separating  digit ized  polygons  with  end-of-polygon  f lags,  ( 2 )  col lec-  
t ing   po lygons   represent ing  the same g e o l o g i c a l   u n i t   i n t o  a s i n g l e  f i l e ,  
( 3 )  c los ing   the   po lygons ,  ( 4 )  reversing  polygons  i f   necessary so t h a t  a l l  
a r e   d i g i t i z e d  i n  cons i s t en t   f a sh ion   ( fo r   example ,   coun te rc lockwise ) ,  and 
( 5 )  d e l e t i o n  of i n c o r r e c t   p o i n t s  i n  a polygon. The d i g i t i z e d  po:tygons 
were then  placed i n  a  number  of s e p a r a t e   f i l e s ,  one for   each   geologica l  
u n i t  and  machine-drawn maps were p repa red   fo r   each   un i t .   a s  a f i n a l  
e d i t i n g   s t e p   ( F i g .  100) .  These maps were produced t o   t h e  same s c a l e   a s  
t he   base  map and were compared v i sua l ly   (u s ing  a l i g h t t a b l e )  wit-h the 
base map. 

F l y r e  100. C o n p u t e r c o n t r o l l e d   p l o t  of d l g l t l z e d   a r e a s  
under la in  by t h e  Border  phase of t h e  
@ i c h m   C r e e k   b a t h o l i t h ,   c e n t r a l   B r l t l s h  
Calmbla. An ' A '  near   the   nor thwestern 

and a 'C,'  Just below t h e   s w t h e r n n u s t  
corner of  t h e  map I s  cent red  on Ashcrof t 

ewosure,  I s  centred  on  Cra lgnunt   p i t .  
b t a   d l g l t l z e d   f r o m   M c M I I l a n  (1978). 
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MEFSUNBlENT OF GEOLOGICAL VARIABLES 

Cur conputerized  approach to resource  assessment   in   which  geological  
v a r i a b l e s   a r e   r e f e r e n c e d   t o  systematic g r i d  cells, depends on a s e r i e s  of 
computer  programs  designed  to  measure  geological  variables  (Fig.  99).  

v a r i a b l e s   t h a t   c a n  be measured  and t o   g i v e  some i n d i c a t i o n   o f   t h e  
Some of t h e  procedures  a r e   d e s c r i b e d   b r i e f l y   t o   i l l u s t r a t e   t h e   n a t u r e   o f  

po ten t i a l   w ide   r ange  of a p p l i c a t i o n s  of our conputerized  approach. 

superimposed on a 'map'  of s i n g l e  rock category  and  the  proport ion 
Wi th in   ce l l  a r ea  measurements. A g r i d  of s t i p u l a t e d   c e l l   s i z e  is 

of   each ce l l  unde r l a in  by the  rock  type is ca lcu la ted .  The pro- 
cedure   used   for   one   geologica l  u n i t  i s  t o  move sys temat ica l ly   a long  
each  polygon  recognizing t h e  i n t e r s e c t i o n s   w i t h   g r i d  ce l l  bound- 

A f t e r  a l l  polygons have  been  treated i n  t h i s  manner, a set of cells 
a r i e s .  I h e   p a r t  of a c e l l   a r e a  w i t h i n  a polygon i s  then determined. 

remains for which no area estimates have  been made. They are 
checked  systematical ly  and i f   t h e  cel l  c e n t r e  is within a polygon, 
an   a rea   o f  100 p e r   c e n t  i s  assigned;  otherwise  an  area  of  zero i s  
assigned.  If t h e r e   a r e   i s l a n d s  of other   rock  types  within a poly- 
gon, t h e  area  occupied by these i s  subt rac ted   au tomat ica l ly .  The 
r e s u l t  is a f i l e  of t h e   p e r  c e n t  of area of  each c e l l   u n d e r l a i n  by a 
s p e c i f i c  rock  type.   Repetit ion of the   p rocess   fo r   o the r   rock   un i t s  
r e s u l t s  in a q u a n t i t a t i v e   f i l e  of g e o l o g i c a l   ' a r e a s '   p e r   c e l l .  

Length  of  contacts  (dyke,  fracture,  etc.) i n  a c e l l .   V a r i a b l e s  of 
t h i s  t y p e   a r e   v e r y   s t r a i g h t f o r w a r d   t o   c a l c u l a t e  from d i g i t i z e d  
con tac t s .  Ehch polygon i s  examined  and i t s  i n t e r s e c t i o n   w i t h   g r i d  

po in t - to -po in t   d i s t ances  w i l l  be summed to provide a length.  
c e l l   b o u n d a r i e s   u s e d   t o  de f ine  a segment  of a polygon i n  which 

p rocess  involves   checking whether a c e l l  c e n t r e  i s  wi th in  or ou t s ide  
Distance from ce l l  c e n t r e  t o  a s p e c i f i c  geo log ica l   f ea tu re .  This  

t h e  limits of a p a r t i c u l a r   g e o l o g i c a l   f e a t u r e .  If t h e  centre is n o t  
enclosed i n  polygons  of a p a r t i c u l a r   g e o l o g i c a l   f e a t u r e ,   t h e n   t h e  
s h o r t e s t   d i s t a n c e  from the ce l l  c e n t r e  t o  t h e  nearest p a r t   o f   t h e  
nearest   polygon is determined. 

Programs to   acconpl i sh   the   foregoing   types  of measurement  include  the 
ma jo r i ty  of va r i ab le   t ypes   ou t l i ned  i n  the   in t roduct ion .   Other   usefu l  

p re sen t ly   gene ra t ing  a q u a n t i t a t i v e   d a t a   b a s e   f o r  t h e  m i c h o n  Creek 
types  of q u a n t i t a t i v e  measurements  can  be  added a s   d e s i r e d .  We a r e  

b a t h o l i t h   u s i n g  a c e l l  s i z e  of 2.59 square  ki lometres  (1  square mile). 
This   up-to-date   geological   data   base w i l l  be  merged with our e x i s t i n g  
f i l e   f o r   g e o p h y s i c a l  and  geochemical  data  based on t he  same g r i d   s i z e ,  
and w i l l  p rovide   the   fundamenta l   in format ion   for  a resource  assessment  i n  
the Guichon  Creek b a t h o l i t h .  
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mucLusIous 

A computer-based  approach to the q u a n t i t a t i v e   m a s u r e  of geologica l  
v a r i a b l e s   a s  a base  for  resource  assessment  has  been  established.,  The 
procedure  involves two major  components: ( 1 )  d i g i t i z i n g   o f   g e o l o g i c a l  
f e a t u r e s ,  and (2) a v a r i e t y  of   p rograms  des igned   to   ex t rac t   quant i ta t ive  
measurements of g e o l o g i c a l   v a r i a b l e s   r e l a t i v e  to cells of a re ference  
g r i d .  A v a r i e t y  of e d i t i n g   p r o c e d u r e s   a r e   b u i l t   i n t o   t h e   s y s t e m .  

We are present ly   apply ing   the   p rocedures  to an  assessment of resources  i n  
t h e  Guichon  Creek ba thol i th   ( inc luding   the   long   es tab l i shed   porphyry  
copper area of the  Highland  Valley).  Of course,  the procedures   and  sof t -  
ware are genera l  i n  n a t u r e  and p o t e n t i a l l y  have much wider   appl icat ion 
n o t   r e s t r i c t e d  to geologica l   var iab les .  
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RESOURCE ASSEsSUBNl' OF GOLL+QUART!4 VEINS,  ZEBALLOS HINING CAW 

VAW2OWER ISLAND - A PRELIMINARY ILPPORT 

( 921) 

By A. J. S i n c l a i r  and M. c. HMsen 
Department of Geological   Sciences,  The Univers i ty   o f   Br i t i sh  Columbia 

1N"RODWCTION 

Product ion   da ta  and various  geological  measurements  have  been  compiled 
and  tabulated  for   gold-quartz   veins  of the  Zeballos  mining camp, Van- 
couve r   I s l and ,   Br i t i sh  Columbia. A p r e l i m i n a r y   q u a l i t a t i v e   e v a l u a t i o n  of 
some of t hese   da t a   i nd ica t e   t ha t :  ( 1 )  mined tonnage i!; an acceptab le  
r e l a t i v e   v a l u e   e s t i m a t o r ,  ( 2 )  on average ,   l a rge   depos i t s  are lower  grade 

grade  i s  r e l a t ed   sys t ema t i ca l ly   t o   bu lk   su lph ide   con ten t   a s   i nd ica t ed  by 
than   smal l   depos i t s ,  ( 3 )  gold   and   s i lver  are h igh ly   co r re l a t ed ,  (4:l gold 

average combined lead  plus   copper ,  and ( 5 )  an  important   systematic  

c o n t a c t  of  the  Zeballos  stock. A q u a n t i t a t i v e   e v a l u a t i o n  of   these  data  
r e l a t i o n  ex is t s  between  gold  content  of a d e p o s i t  and d i s t a n c e  from the 

is i n  progress .  

Zeballos  mining camp is on the  west c o a s t  of  Vancouver I s land   about  320 
kilometres   northwest  of V i c t o r i a ,   B r i t i s h  Columbia.  Access is v i a  an 
a l l -weather   road  between  the  set t lements  of Zeballos ( 5  ki lomet res   south  
of  the  mining camp)  and  Nimpkish. The surrounding  count.ryside is moun- 

metres; it experiences  mild  winters  and h i g h   r a i n f a l l .  
t a inous  and rugged  with  elevations from near   sea   l eve l   to   about  1 30L 

The f i r s t  gold-quartz  vein  staked i n  the area was the  Tagore in 1924 

Lode production  began i n  1934 and reached a peak i n  1937 t o  1943. By 
a l though   l imi t ed   quan t i t i e s  of placer   gold had  been  mined previously.  

1948 most production had ceased. Two d e p o s i t s ,   P r i v a t e e r  and Spud 
valley,  have  produced 473  082 of the 651  797 tonnes  of  ore mined i n  t he  
camp. 

Recorded  metal  production to d a t e   t o t a l s  9 465  244 grams  of go1.d and 
4 119 118 grams  of s i l v e r ,   a s  well as minor  amounts of copper  and  lead 
from a t o t a l  of 651  797 metric tonnes of o re  mined. This  tonnage 

about  10 t o  30 centimetres wide.  Average  mined grades   for   the  cam,ps a r e  
i n c l u d e s   t h e   s u b s t a n t i a l  d i l u t i o n   r e s u l t i n g  from  mining  veins commonly 

ma te r i a l   con ta ined   a s  much a s  30 t o  150 grams  gold  per  tonne. 
1 5  grams gold  per  tonne and 6 . 5  grams s i l v e r  per tonng? although  vein 

Our eva lua t ion  of  Zeballos camp is o r i en ted  toward a q u a n t i t a t i v e  
resource  assessment following  the  approach of S i n c l a i r  ( 1 9 7 9 ) ,  Goldsmith, 
et dl. ( i n  p repa ra t ion ) ,  and Orr and S i n c l a i r  (1971)  . The study is 
d i v i d e d   i n t o  two pa r t s :  ( 1 )  development  of a q u a n t i t a t i v e   d a t a   f i l e ,  and 
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MINED TONNAGE (tonne) 

F l y r e  102 Average gold   grade  per   tonne  mlned  (graf f i   per  tonne) versus  mlned 
tonnes, &baI los  rnlnlng  cam.  lhree  deposlts w l t h  tonnages of 2, 
1, and I and corresponding  gold   grades of  70, 156, and 156 grans 

p e r   t o n n e   a r e  n o t  Included I n  the p l o t .  

0 

t 

~ i g ~ r e  103. P lo t  of precious  metal  contents  versus  mined tonnes, h b a l l o s   m l n l n g  
cam.  Gold  contents  are shown wlth c l r c l e s  and s l i v e r   c o n t e n t s  by 
t r i a n g l e s .  
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d a t a   f i l e  and p resen t s  some of  our i n i t i a l   r e s u l t s  stemming f:rom a 
( 2 )  eva lua t ion   o f   quan t i t a t ive   da t a .   ?h i s   r epor t   desc r ibes   t he   de t . a i l ed  

pre l iminary   eva lua t ion   of   the   f i l e .  

GEOLOGY OY Z E a A u o s  CAW 

General  geology  of t h e  a rea  i n  and  around  Zeballos camp is shown on 
Figure 101. The a rea  i s  under la in  by an   essent ia l ly   monocl ina l   sequence  
of  Kesozoic  volcanic  and  sedimentary  rocks  cut by J u r a s s i c  and W r t i a r y  
i n t r u s i o n s .  The Iawer J u r a s s i c  Bonanza soup is a typ: ical   i s land  arc  

underlain  conformably by l imestones  of  the  platsino  Formation  and 
s e q u e n c e   o f   l a r g e l y   b a s a l t i c   t o   r h y o l i t i c   v o l c a n i c   r o c k s .  This u n i t  i s  

t h o l e i i t i c   b a s a l t s  of the Upper T r i a s s i c  Karmutsen Group. A l l  these  

d i o r i t i c  and   g ranod io r i t i c  i n  composition. The Zebal los   s tock,   with i t s  
r o c k s   a r e   c u t  by J u r a s s i c   p l u t o n s  o f   t h e   I s l a n d   i n t r u s i o n s ,   l ~ i n l y  

spa t i a l ly   r e l a t ed   go ld -qua r t z   ve ins ,  is a q u a r t z   d i o r i t x   p h a s e  of t he  
Catface  intrusions  of  Eocene age. 

A QUANTITATIVE DATA BASE 

We have   es tab l i shed  a q u a n t i t a t i v e   d a t a   b a s e   r e l a t i n g   t o   m i n e r a l   d e p o s i t s  
and  occurrences i n  Zeballos camp  by r e f e r e n c e   t o  'two sources  of 
information:  a r e p o r t  and map by Stevenson (1950), ,and the  MINFILE 
computer f i l e  of minera l   depos i t s  i n  B r i t i s h  Columbia.  In a d d i t i o n   t o  
n u m e r i c a l   d a t a   r e l a t i n g   t o   g r a d e s  and  tonnage mined and/or  milled, we 
have made a  number  of other  measurements of  a geo log ica l   na tu re  from 

These   da t a   a r e  summarized i n  Tables 1 t o  5 ,  where d e p o s i t s   a r e   l i s t e d  i n  
Stevenson 's  (1950) map, as   wel l   as   coding  mineralogical   information.  

o rde r  of  decreasing  tonnage  mined. The t ab le s   a r e   s e l f - exp lana to ry   bu t  
some comments on t h e  na tu re  and q u a l i t y  of data   are   warranted.  

Mined tonnage refers t o  ore brought to su r face  and :subject  tc hand 
s o r t i n g   p r i o r  to mi l l i ng .  Quoted grade  values   refer  to mined  tonna.ge. 

e a c h   o r i e n t a t i o n  may represent   severa l   ve ins .   In   genera l ,   an   e f for t  was 
The t w o  most p roduc t ive   ve in   o r i en ta t ions   a r e  shown for   each   depos i t ;  

made to record mean d i r e c t i o n s  of undulatory  surfaces .  

Ve in  width  recorded i n  Table 3 a p p l i e s   t o   t h e  most  productive  segment  of 
a vein;  thus,  is a s u b j e c t i v e   v a r i a b l e  of  uncertain  value.  The term 
' shee ted   zone '   r e f e r s   t o  I . . .  jo in ts   spaced  2 t o  8 i nches   apa r t  and 
(wh ich )   con ta in   e i the r  gouge o r   qua r t z - su lph ide   s t r i nge r s  an e igh th  of  an 
inch  to   an  inch  wide '   (Stevenson,  1950).  %ns iona l   f ea tu re s   i nc lude   gash  
ve ins  and comb qua r t z .   Assoc ia t ed   r ep lacemen t / a l t e r a t ion   ca t egory   r e fe r s  
t o   f e a t u r e s   o b s e r v e d  i n  a ve in   o r   ad j acen t   wa l l rock   such   a s   s i l i c i f i -  
cat ion  or   oxidat ion.   In   general ,   such  data  are spa r se  i n  a v a i l a b l e  
l i t e r a t u r e .  
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Distances of v a r i o u s   d e p o s i t s  from the   con tac t  of the  Zeballos  stock  were 
measured  from  Stevenson's  (1950)  geologiCa1 map of t he  camp (st2e Fig.  
1 0 1 ) .  In a f e w  c a s e s   t h e   c o n t a c t  had to   he  extended  across   dr i f t - [ !overed 
a r e a s  i n  o r d e r   t o   o b t a i n   d i s t a n c e  measurements. 

PRELIMINARY  EVALUATION OF 2EBALU)s DATA BASE 

and  tonnage  information. C o m p l e t e   p r o d u c t i o n   s t a t i s t i c s   e x i s t  fo r   on ly  
The re   a r e  many blanks i n  Tables 1 t o  5 ,  p a r t i c u l a r l y   a s   r e g a r d s  to   g rade  

n ine  of 18 deposits  with  recorded  production.  Consequently,  it will be 
d i f f i c u l t ,   i f   n o t   i m p o s s i b l e ,   t o   a p p l y  some of the  techniques  of  evalu- 
a t i o n  recommended by S i n c l a i r  ( 1979) for   vein camps. 

Ins tead ,  we have  chosen t o  examine  various  plots as a '5as i s   for  a sub- 
j ec t ive   p re l imina ry   eva lua t ion  of  the  data.  Some of these  graphs  appear 
t o   e s t a b l i s h   i m p o r t a n t   r e l a t i o n s   c o n c e r n i n g   d e p o s i t   1 o c a t j . o n   o r  
a t t r i b u t e s .   F i g u r e  102 is  a graph of average  gold  grades  versus mined 
tonnages. A s i z e  of  about 2 000 t o n n e s   c l e a r l y   d i v i d e s   t h e   d e p o s i t s   i n t o  
tw s i z e   c a t e g o r i e s   w i t h   d i f f e r e n t  mean g r a d e   c h a r a c t e r i s t i c s .  The high 
tonnage  category  has a lower  grand  average  grade  and less d i spe r s ion  of 
average  grades  than  the low tonnage  category. Some of t h i s   d i f f e r e n c e  
may be the result  of selective mining  and/or hand s o r t i n g .  

Prec ious   meta l   conten ts   (go ld  and s i l v e r )  are p lo t ted   versus   p roduct ion  

duct ion  has   been  reported,   both  gold  and  s i lver   metal   contents   increase 
(mined  tonnage) on Figure 103. This graph  demonstrates   that  where  pro- 

sys temat ica l ly   wi th   an   increase  i n  size;   consequently,   production  tonnage 
i s  an  acceptable   s ingle   measure  of   re la t ive  value  of   vein  deposi ts  i n  t h e  
Zeballos camp (see S i n c l a i r ,  1979). 

Figure  104 is a p lo t   o f   average   go ld   g rade   versus   average   s i lver   g rade  
and  demonstrates:  ( 1 )  t h e   c o n s i s t e n t l y  lower  grade i n  s i l v e r  compared 
w i t h  gold,  and ( 2 )  the   pos i t ive   cor re la t ion   be tween :tog gold .and log 
s i l v e r .   T h i s   c o r r e l a t i o n  may be p a r t l y   a r t i f i c i a l ;   a s   i n d i c a t e d   e a r l i e r ,  
some of t he  h igh   grades   for  small depos i t s  may be  the  re :gul t  of s e l e c t i v e  
upgrading   of   o re .   This   poss ib i l i ty  is suggested by the  two c l u s t e r s  of 
p o i n t s  on F igure   104;   such   pa t te rns   represent   dubious   cor re la t ions .  Even 
i f   t h i s   e x p l a n a t i o n  i s  c o r r e c t ,  i t  appea r s   t ha t  a r easonab le   co r re l a t ion  
e x i s t s  between  gold  and  si lver  as  demonstrated by the  f ive  major 
producers  i n  t he  camp. 

Figure  105  where  there i s  a suggest ion of  a r e g u l a r   r e h t i o n  between  the 
Average  gold  grade  of  tonnes mined is  p l o t t e d   a g a i n s t  co.pper p lus   l ead  on 

a l so   h igh .   l he   r e l a t ion   does   no t   appea r   t o   be   l i nea r  on the   l og - log   p lo t  
two. In  general ,   precious  metal   grade is higher  if copper   plus   lead i s  

sugges t ing   t ha t   t he   e f f ec t  is not  due s o l e l y  to hand s o r t i n g  of ore .  

Figure 106 is  a p l o t  of d e p o s i t   r e l a t i v e   v a l u e   ( t o t a l  grams  of  gold  per 
d e p o s i t )   v e r s u s   d i s t a n c e  from the  contact of the   Zebal los   s tock.  The 
graph shows  a remarkably c o n s i s t e n t   p a t t e r n   b o t h  i n  the  Zeballos  stock 



and in   the   count ry   rock .  The f ive   p r inc ipa l   p roduce r s  are loca l i zed  
wi th in  500 metres of the c o n t a c t  and smal le r   p roducers   a re  more  removed 
f rom  the   con tac t   i n  a s u r p r i s i n g l y   r e g u l a r  pattern. lbese t rends  can be 
approximated by the   fo l lowing   l i nea r   equa t ion :  

Within Wallrock: l og (To ta1  gold)  = 0.0025D + 6.778 
Within Stock: log(Tota1 gold)  = -0.0029D + 6.778 

where  gold is i n  grams, D is a p o s i t i v e   d i s t a n c e   i n t o   t h e   s t o c k  or a 
n e g a t i v e   d i s t a n c e  i n t o  the  wallrock  measured i n  metres. lhese equat ions  
provide  a means  of contouring  expected  gold  content   of   deposi ts   remaining 
t o  be discovered.  As such   they   ou t l ine  a zone  about  the  contact  of  the 
Zeba l los   s tock   t ha t   has   h igh   po ten t i a l   fo r   r e l a t ive ly   l a rge  new gold- 
q u a r t z  v e i n s .  The expec ted   t a rge t  i n  this zone  can  be  estimated  from 

about  10 to 20 grams  gold  per  tonne. A median d e p o s i t   w u l d   c o n t a i n  
Figure  102  to   have a p o t e n t i a l  of 25 000 t o  250 000 tonnes  of  ore  grading 

gold  i n  t h i s  median deposit ,   assuming a p r i c e  of  Canadian d o l l a r s  450 per 
about  75 000 '  tonnes  grading  12  grams  gold per tonne. lhe gross   value  of  

ounce, is about  $12 000 000. 

0 

0 

DISTANCE FROM CONTACT(m.1 

Figure 106. Total go ld   content   (g rams)   versus   d is tance   o f   go ldquar tz   ve ins   f rom  contac t  

a r e   w l t h l n   t h e   s t o c k ;   n e g a t l v e   d l s t a n c e s   a r e   w l t h l n   c o u n t r y   r o c k .   b p o s l t s  
o f   Zeba l los  sto& (2.S.) w i t h   p r e T e r t l a r y   r o c k s  (P.T.R.). Posltlve dls tances  

a r e  open c i r c l e s .  
g r e a t e r   t h a n  2000 mined   tonnes   a re   c losed   c l rc les ,   smal le r   depos l ts   a re  
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TABLE 1 

LISTING OF XINEIU',  DEPOSIT DATA F I L E  FOR 
ZEBALLOS XINING C W ?  - GENERAL INFORWTION 

YEARS  OF 

NUMBER 
DEPOSIT DEPOSIT  LOCATION  MINFILE  REF.  PRODUCTIOE; 

NAME  UTMN  UTME ( 19-) 
ELEVATION 

2 SPUD VALLEY 
1 PRIVATEER  43400  56600  092L/008  34-53.75 

42400  58000  092L/012 
750 229 

36.39-42.51  2000 610 

(FEET) (METRES) 

3 MOUNT ZEBALLOS  42000  57000 092Lj012 39:42,44' 
4 CENTRAL  ZEBALLOS  44800  58700  092L/018 

2000 610 
38-42.46.C?  1500  457 

5 PRIDENT 43500  56900  092Lj009 41-43,47,48 1500  457 
6 C.D. 43300  58100  092L/015  38-41 
7 HOMEWARD 

1400  427 

8 VAN  ISLE 
42700 60400 092t/019 41,42 2000  610 
43100 55400 092L/038 40 600 183 

9 WHITE STAR 43200 57100 092L/010 35-42.52.57 1500  457 

. .  

10 ZEBALLOS  PACIFIC  42900  57500  092Lj01 1 
1 1  GOLDEN  PORTAL 

34 
40900  55200  092L/005 40 

12 BEANO  40600  56300  092E/002 48,49 

. .  
1500 457 
750 229 

2500 762 
13  I.X.L. 43400 57300 2000  610 
14 RIMY 43300 58700 092L/016 38 2500  762 
15 TAGORE 41100 54300 092L/006 30,32,39 
16 BARNACLE 46700 55300 092L/029 

400 122 

17 CORDOVA  45800  55500  092L/027  39  2000  610 
2400  732 

18 KING  MIDAS  47700  58000  092Lj020  40 
19 ANSWER 
20 BRITANNIA  41900  58300  092L/013 

40400  54600  092E/023 

21  BIG STAR 
22 MONITOR 

42300  59300  092Lj017 

23  NORTH  FORK  EXPL.  48800  57800 092L/021 
42600  57300 

25 BODEN 
24  GOLD SPRING 

44300 54400  092L/022 
47600  57300 

26  MAQUINNA 44800 55300 092Lj023 
27  OMEGA 45500 54600 092L/024 
28  PANDORA 45300 55700 092L/026 
29  LUCKY  STRIKE 47300 54500 092Lj030 
30  FRIEND 39200 57800 092E/003 
31 P.ROSPERITY 41 400 55500  092Lj007 
32 PEERLESS 
33 F.L./RIDGE 

45300 5 4 2 0 0  092L/025 
46200 55000  092L/028 

34 CHURCH1 LL 47400 55800  092L/031 
35 CAVALIER  47100 55800 092LjO32 

500 152 
350 107 
1900 579 
2500 762 
1500 457 

1750 533 
750 229 

1200 366 

1400 427 
600 183 

a50 259 
3750 1143 
2500 762 
1000 305 

2600 793 
1900 579 

2250 6 8 6  
2500 762 

NOTE: 1 .  DEPOSITS 1 TO 5  REFERRED TO AS MAJOR  PRODUCERS. 
DEPOSITS 6 TO 18 REFERRED TO AS MINOR  PRODUCERS. 
DEPOSITS 19 TO. 35  REFERRED TO AS PROSPECTS. 

VARIABLE/ATTRIBUTE. 

OR PROSPECTS. THE CHURCHILL  PROPERTY  ALSO  COVERS  MAGNETITE 

2. BLANKS  INDICATE  NO  AVAILABLE DATA,  OR NON-APPLICABLE 

3. DEPOSITS 1 TO 30 & 34  ARE  GOLD-QUARTZ  VEIN  PAST E'RODUCERS 

REPLACEMENT  MINERALIZATION. THE BEANO  PROPERTY  AIS0  COVERS 
SKARN-TYPE  MINERALIZATION. THE PROSPERITY PR0PER:IY SHOWS 
NO SIGN  OF  MINERALIZATION AT ALL, BUT  IS INCLUDE11  FOR THE 

MENT DEPOSITS, AGAIN  INCLUDED  FOR SAKE OF  COMPLE?ENESS. 
SAKE OF COMPLETENESS.  DEPOSITS 33 & 34  ARE  MAGNE?ITE REPLACE- 
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T.4BLE 2 

LISTING OF MINERAL  DEPOSIT DATA F I L E  FOR 
ZEBALLOS MINING C & V  - PRODUCTION DATA 

DEP  (TONNES ) 
PRODUCTION 

NO MINED  MILLED 
1 282328  146798 
2 190754  95876 
3 
4 
5 

7 
6 

8 

10 
9 

1 1  
12 
1 3  
14 
15  
16 
17 
18 

20 
19 

21 

23  
22 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35  

74268  51540 
52596  37789 
21  585 ~~~ 

5645  405 
3586  1375 
3044 
1293 

TOTAL  METAL 
(GRAMS ) 

Au Ag 
5301289 2160196 
1682859 575219 
946589 444399 
636773  432238 

~~~ ~ ~~. 

433440 239812  
143074 44322 

46374 108705 

220987 92531 
35929 16470 

CONTENT 
(KILOGRAMS) 

4063 10093 
Cu Pb 

9195 8 0 9 3  
2408 12726 
7370 71140 

470 2982 
318 347 

1563 17144 

(Gr,Kg/TONNE MINED) 
GRADE 

18.7  7 .7   .01  .04 
Au Ag Cu Pb 

8 . 8   3 . 0   . 0 5  
1 2 . 7  6 .0  . 0 3   . 1 7  

.04 

20.1 1 1 . 1  
1 2 . 1   8 . 2   . I 4   1 . 3 5  

2 5 . 3   7 . 9  
1 2 . 9   3 0 . 3  

. 0 8   . 5 3  

.09 .IO 
11.8 5 . 4  

171 .0   71 .6  1 . 2 1  1 3 . 2 5  
393  I 1  174  28.0 

22 
21  3297 

373  
1400 

156 4 1  39  17.0  7 .1   2 .00  1 .77 

20 
33   157 .0  6 6 . 7  1.57 

17 
1 4  

2 
1 

1369 
1 2 4 5   2 0 2 2  

1 5 8 6   8 0 . 5   9 3 . 3  
23  20  8 9 . 0  1 4 4 . 4  1 . 6 4  1 . 4 3  

140 
156  31 0 4 1 5 6 . 0   3 1 . 0  

70 .0  
4 . 0 0  

1 156 31 IO 156.0 31 .0  1 0 . 0 0  
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TABLE 3 

LISTING OF XINEIWL  DEPOSITS DATA F I L E  FOR 
ZEBALLOS M I N I N G  CAW - GEOLOGICAL FEATURES O F  HOST RO(:K 

DEP 
NO Tg 

.1 

HOST  ROCK  TYPE 

2 
1 

3 
4 
5 
6 

8 
7 

1 0  
9 

1 1  

13  
12 

14 
15  
16 
17 
I 8  

20  
19 

21 
22  
23 
24  
25  
26  
27 
28  
29  
3 0  
31 
32 
33 
34 
35  

2 

0 
3 

3 
3 
3 

0 
3 

3 

0 
3 

0 
3 
3 
0 
0 
0 
0 
0 
3 
3 

0 
3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

(I) (C) 
Jg 1JB 1JB uTrQ  muTrK STRIKE  DIP D/DRN DYKES 

HOST ROCK 

0 0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

2 
0 

3 
0 
0 
0 
0 
0 
0 
0 
0 
3 
2 
3 
0 
0 
0 
0 
0 
3 
3 

3 

3 
1 

0 
2 
0 
0 
3 
0 
0 
3 

0 
3 

0 
3 
3 
0 
0 
3 
1 
0 

0 
0 

0 
3 
3 
3 
0 
0 

3 
3 

3 
3 
0 
0 

2 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
2 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
3 
2 
0 
0 
0 
0 

0 
0 
3 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 

0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
3 

3 

0 0 1 0  
0 
0 
3 

160 

0 
0 
0 
0 
0 

135  

0 
0 
0 360  
0 
0 

0 
0 0 8 0  

0 
5 
0 
0 
0 
0 
3 
3 145  
0 
0 
0 

060  

0 
050  

0 
0 135  
0 
0 

135 

0 
0 
0 

150 

60 

9 0  

8 0  

80 

8 0  

60 

7 5  
8 0  

9 0  
50 

45 

270 

0 4 5  

090  

000  

2 2'5 

360  
135 

225 

0 4 5  

5 
1 
2 

2 
3 

2 
2 
2 
2 
5 
3 
2 
5 
2 
3 
5 
2 
2 
2 
5 
1 

5 
5 

3 
5 
5 

3 

0 
2 

2 
3 
3 
5 

DIST(M)/BRG 

OF  Z.STOCK 
FROM NOSE 

DIST BRG 

3400   160  
1700  185 

3400  175 
2 2 7 0  1 1 0  

2 6 5 0  150 
1890  170 

4730  125 
2 6 5 0  210 
2270  170 
2650  165 
4910  200 

2 2 7 0  165 
E l 0 0  185  

2840  135 
4910  2 1 2  
1890 315  

i:650 0 3 5  
1130  2 9 5  

E1480 205 
1130 160 
4 1 6 0  140 
5 6 7 0  120 

;!270 020  
;!460 2 4 5  
1520  250 
: 5 1 0  275 

3 0 3 0  310  
9 5 0  270 

4350  196 
2650  270 

2080 340 

HOST ROCK TYPE;Tg - TERTIARY CATFACE INTRUSIONS (ZEBALLOS STOCK); 
J g  - ISLAND INTRUSIONS; 1 J B  - BONANZA  GROUP(I-::GNEOUS, 
C-CALC-SILICATE OR CARBONATE); uTrQ & muTrK - QUATSINO 
FORMATION L KARMUTSEN FORMATION OF THE VANCOUVER GROUP. 
0 - ABSENT: 1 - PRESENT: 2 - MINOR: 3 - MAJOR: 5 - PRESENT  TO 
AN UNKNOWN' EXTENT 

2 - MINOR: 3 - MAJOR; 5 - PRESENT  TO AN UNKNOWN EXTENT 
DYKES,PRESENCE OF DYKES OF VARYING COMPOSITION; 0 - ABSENT; 1 - PRESENT 

DIST  FROM N0SE:BEARING L DISTANCE  FROM NOSE OF INTRUSION TO  DEPOSIT 

299 



TABLE 4 
LISTING OF MINEPAL DEPOSITS DATA  FILE FOR 

ZEBALLOS MIXING CAik - GEOLOGICAL FEATURES OF VEINS 

NO 
1 
2 
3 
4 
5 
6 

8 
7 

9 
10 
1 1  
12 
13  
14  
15 
16 
17 
1 8  
19 
20  
21 
22  
23 
24  
2 5  
26 

28 
27 

2 9  
30  
31 
3 2  

3 4  
33 

3 5  

DEP MAJOR  VEIN/S  2NDARY  VEIN/S 
STRIKE DIP DAJRN STRIKE DIP D/DRN 

045 

0 4 0  
090 

0 4 5  
090 
0 4 5  
0 4 0  
0 3 5  

000 
160 

0 4 0  
095 
0 4 5  
000 
0 6 3  
176 
057 

090 
0 5 0  

010 

090 
175 

0 9 0  
0 5 2  
058 
0 4 7  
160 

065 

155 

6 5  
8 0  
7 0  

8 0  
7 5  

80 
8 5  
7 5  
7 5  

7 0  
90 

90 
7 5  
80 
9 0  
90  
8 0  
90 
7 5  
90  
90 

75  
60  

8 0  
72 

8 0  
90 
90  
7 0  

90  

6 0  

1 3 5  
180 
1 3 5  
135 
3 6 0  
315 
135 

0 4 5  

I 3 5  
180 

1 3 5  

3 1 5  

0 4 5  
135 
3 6 0  
3 6 0  
135 

I 3 5  

225 

065 
0 7 0  
045 

0 60 
180 

090 
032 
0 4 0  
057 

080 

000 

000 
0 9 0  
060 
090 

030 

0 5 0  
0 5 0  

~~ 

8 0  
8 5  
9 0  

8 0  
60 
90 
8 0  
80 
8 0  

9 0  

6 5  

90  
90 
80 
90 

7 0  

90 
9 0  

3 1 5  
180 

2 2 5  
3 1 5  

3 1 5  
135 
3 1 5  

1 3 5  

3 1 5  

135 

NO AV  VEIN 
MINZ  WIDTH(CM) ASSOC WIDTH(CM) 

AV SHEAR 

VEINS  MIN 
5 
3 
2 
1 
3 
7 
5 
2 
2 
7 
1 

2 
1 

4 
1 

5 
1 

3 

10 
4 

2 
1 

1 
1 
1 
1 
2 
3 

1 

I 

1 5  
1 5  

5 
20 

2 
8 
0 
3 
1 

0 
1 

1 
3 
0 
5 
0 
0 
2 
1 
0 

3 
3 

5 
5 

5 
0 
4 
5 

5 

0 

MAX 
30 
20 
8 

2 5  
12 

30 
1 2  

3 0  
15 
2 0  
1 5  

10 
8 

3 5  
10 
2 5  
8 
5 
3 
5 

12 
2 0  
1 5  
1 5  
10 
10 

8 
1 0  

5 

30  

ZONES  MIN 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

4 
1 

1 
1 
2 
1 
I 
I 
I 
1 
I 

1 
1 
1 
1 
1 
1 
1 
1 

3 
4 
1 
4 

30 
10 

8 
5 

30 
1 0  
25 

3 
3 

5 
4 

3 
3 

5 

10 
5 

3 
10 

MAX 
90 
60  
60 
45 
90  
4 5  
7 5  
3 0  
90 
75  
20  

90 
2 5  

60  
45 
20  
5 

1 5 6  1500 
60 

1 5  25 
1 5  20 
15 60  
4 5  75  
I O  3 0  
15 l a 0  

5 1 5  
15 6 0  

50 75  

ASSOCIATED  ZONES; 1 - VEINS INTIMATELY  ASSOCIATED  WITH  SHEAR  ZONES; 
2 - VEINS  ASSOCIATED  WITH  DILATANT  ZONES; 3 - MINERALIZATION  ASSOC- 
IATED  WITH  CONTACT ZONE: 4 - ASSOCIATED  REPLACEMENT (SKARN) ZONE 
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TABLE 5 

L I S T I N G  OF 14INERrV. DEPOSITS DATA F I L E  FOR 
ZEBALLOS M I N I N G  CX- - VEIN  :4 INERALOGY AND CHARACTER 

DEP ASSOCIATED VEIN MINERALS 
DIST(M) 

SH'TD  VEIN TENL 
NO  Pyr Sp Aspy  Py  Cpy Gn Qtz Cc Ank ZONES FORM FEAT REPL CONTACT 

TO 

2 0 2 0 2 0 2 3 0 0  
1 1 2 1 3 1 2 3 2 3  3 2 3 2  + 57 

3 0 0 3 3 0 0 3 2 2  0 
2 2 3 0 + 473  

4 5 0 0 5 3 3 3 0 0   2 . 2  
2 3 3 - 473  

5 0 3 0 3 0 2 3 0 0  
2 3  - l! j l  

6 0 2 2 3 2 2 3 0 0  
0 1 3 0 + 4'73 

7 0 2 3 3 0 2 3 0 0  0 
0 2 2 0 + I  2:29 

8 2 3 2 3 0 3 3 2 0  
I 2 0 + 964 

9 0 2 2 2 2 3 3 0 0  
2 4 5 0 -1229 

10  0 2 2 2 0 2 3 0 0  
0 1 3 0 + 529 

1 1  3 3 0 2 1 2 3 2 0  0 
2 2 2 0 + 431 

12  3 0 0 0 0 0 3 . 3 0  
2 0 -2646  

1 3  2 0 2 0 0 0 3 0 0  
0 0 3 -1955  

1 4  0 1 2 2 0 1 3 0 0  
0 1 5 0 + 548  

15 3 3 0 2 1 2 3 2 0  
0 2 2 0 + I 0 4 0  

16 2 0 0 0 2 0 0 3 0  
0 2 5 5 -3175  

17 0 0 2 2 0 0 3 0 0  
0 3 0 -1890  

18 0 2 2 2 2 1 3 0 0  
0 1 5 0 - 1 1 1 5  

19  0 0 0 2 0 0 3 3 0  
0 2 3 -2174  

20 0 0 0 2 0 0 3 2 0  
0 1 2 0 -3400 

21 0 1 2 3 0 1 3 2 0  
0 1 2 0 + 113 

22 0 0 0 3 0 0 3 0 0  
0 2 3 0 + I 1 3 0  

2 3  2 3 3 0 2 0 3 0 0  
0 1 0 0 + 435 

24 0 1 0 3 2 1 3 0 0  
0 1 0 

25  5 1 1 1 0 0 2 2 0  
0 2 5 0 - 1985  

26  
0 . 2  

1 1 2 1 1 1 3 0 0  
0 -1814 

27 0 1 1 2 1 1 3 2 0  
0 1 5 0  - 983 

28 0 0 0 1 0 0 3 0 0  0 
0 1 5 0 -1852 

29 
2 0 - 718 

30 
1 2 2 1 0 -2548 
1 1 1 1 1 0 3 2 0 0  

31 0 0 0 0 0 0 0 0 0  
1 5 0 

3 2  0 1 0 0 1 0 3 3 0  
0 0 0 -2c22  

3 3  
0 1 0 - 2 2  1 1 

34 0 2 3 2 0 2 3 0 0  0 2 3 0 
3 

3 5  3 

ASSOCIATED  VEIN  MINERALS ; MINERALS  WHICH ARE PRESENT ALONG  WITH AU .AND Ag; 
0 - ABSENT; 1 - MINOR; 2 - MODERATE; 3 - MAJOR; 5 - PRESENT  TO 

SH'TD ZONES ; OCCURENCE OF SHEETED ZONES  ON THE VEIN: 0 - ABSENT: 
UNKNOWN  EXTENT. 

2 - MINOR; 3 - MAJOR 
VEIN  F0RM;LOCAL  FEATURES OF THE VEINS; 1 - PLANAR & APPROX PARALLEL-SIDED; 

2 - VARIABLE IN WIDTH & ATTITUDE; 3 - LENTICULAR; 4 - COMBINATION 
OF 2 & 3.  

2 - MINOR; 3 - MAJOR; 5 - PRESENT  TO  UNKNOWN  EXTENT 
3 - MAJOR; 5 - PRESENT TO UNKNOWN  EXTENT 

TENL FEAT,TENSIONAL FEATURES,E.G.DIAGONAL  GASH  VEINS: 0 - ABSENT 
REPL,ASSOCIATED  REPLACEMENT/ALTERATION: 0 - ABSENT; 2 - MINOR ; 

DIST TO C0NTACT;DISTANCE  FROM DEPOSIT TO  NEAREST  CONTACT  BETWEEN THE 

THE COUNTRY ROCK). 
ZEBALLOS STOCK  AND COUNTRY ROCK(+,WITHIN THE STOCK; -,WITHIN 
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FUTURE WRI: 

We a r e  i n  t he   p rocess  of  examining  the  application of  a v a r i e t y  of m u l t i -  
v a r i a t e  statistical methods  of eva lua t ion   t o   t he   Zeba l los   da t a   f iLe .  

a n a l y s i s ,   c l u s t e r   a n a l y s i s ,  and  ChaKaCteKiStiC ana lys i s .   These   a re  
Among these  methods  are   mult iple   regression,   d iscr iminant   funct ion 

complex  methods of da t a   eva lua t ion   t ha t   a r e  hampered i n  the  case  of 
Zebal los   da ta  by the   l imi ted  number of d e p o s i t s   f o r  which d a t a   a r e  
r e l a t ive ly   comple t e .  

d e t a i l e d   s t r u c t u r a l   a n a l y s i s   a p p e a r s  to w a r r a n t   a t t e n t i o n   t o   a s s i s t  i n  
In   add i t ion  to s t a t i s t i c a l   e v a l u a t i o n  of OUT q u a n t i t a t i v e   d a t a   f i l e ,  a 

de f in ing  a  resource model for   Zebal los  camp. 

C ~ L [ I S I ~ S  

A n  ex tens ive   quan t i t a t ive   da t a   f i l e   has   been   e s t ab l i shed   fo r   go ld -qua r t z  
ve ins  i n  Zeballos  mining camp. A pre l iminary   eva lua t ion  of these   da ta  
leads to the  following  conclusions: 

For p a s t   p r o d u c e r s ,   t o t a l   p r o d u c t i o n  i n  metric  tonnes is an 
i n d i c a t o r  of r e l a t ive   g ros s   va lue  of a depos i t .  

Large  vein  deposi ts   are   lower  grade on average  than  are   small   vein 
d e p o s i t s .  

Gold and s i lver   average   g rades   appear   h ighly   Corre la ted  on a log-log 
p l o t   a l t h o u g h   t h i s   r e l a t i o n s h i p   a p p e a r s  to be accentua ted  by extreme 
hand so r t ing   o f   sma l l   depos i t s .  

p lus   lead  content .  
A sys t ema t i c   r e l a t ion   ex i s t s   be tween   go ld   g rades  and  combined  copper 

A pronounced   sys t ema t i c   r e l a t ionsh ip   ex i s t s   be tween   r e l a t ive   depos i t  
worth  (approximated by t o t a l   g o l d   c o n t e n t )  and d i s t a n c e  from the 

p rocedure   fo r   de f in ing   a r eas  of g r e a t e s t   p o t e n t i a l  €OK gold-quartz  
n e a r e s t   c o n t a c t  of t he   Zeba l los   s tock .   Th i s   r e l a t ionsh ip   l eads   t o  a 

veins i n  the camp. 

A 1 000-metre-wide  zone  centred on t he   con tac t  of  the  7,eballos 
s tock  is  an a r e a  of   h igh   po ten t ia l  €OK l o c a t i o n  of  a depos i t   equ i -  
v a l e n t   t o   t h e   f i v e   l a r g e s t   p r o d u c e r s  known in the  camp. 

grams of gold i n  75 000 tonnes of ore .  
A median t a r g e t   d e f i n e d  from t h e  f i v e  producers   conta ins  900 000 
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AGE AND GENESIS OF CARIB00 GOLD I(IPERALIZATI0N 
DETERnINED BY ISO.r(PE lIETHoDS 

(93H) 

BY m e  Andrew, C.  I. Godwin, and A. J. Sinclair 
Department  of  Geological  Sciences, me University  of B r i t i s h  Columbia 

I N T R O D ~ I O W  

one of the  oldest   gold-producing  regions i n  Canada (Suther land mown, 
The Cariboo  area i n  s o u t h e a s t e r n   c e n t r a l   R r i t i s h  Co1umbj.a (Fig.  107) i s  

sed imen ta ry   s t r a t a  of t he  Cnnineca Belt. T r i a s s i c   v o l c a n i c   s t r a t a  i n  t he  
1957).   Gold-bearing  quartz  veins  occur i n  Hadrynian t o  Cambrian meta- 

adjacent   Intermontane Belt also  host   quar tz-gold  veins .   Galena-lead 
i so tope   da t a  were obtained from veins  i n  both  terranes  (Fig.   107)  i n  
order   to   de te rmine  any gene t i c   r e l a t ionsh ip   t ha t   migh t   ex i s t   be tween  
them. Galena was a l s o   c o l l e c t e d  and analysed  from  stratiform and vein 

No. 4 2 7 ) ,  t o   i n v e s t i g a t e  t h e   p o s s i b i l i t y   t h a t   a t   l e a s t  some of the 
type   minera l iza t ion  i n  t he  Mosquito  Creek  Gold  mine  near  Wells  (Fig.  107, 

minera l iza t ion   there   might  be syngenetic.  K / A r  d a t e s  were ob ta ined   fo r  
muscovite  from a quartz-bar i te   vein  associated  with  the  Cariboo Gold 
Quartz mine, and fo r   r eg iona l ly  metamorphosed p h y l l i t e .  

Locations of galena  and K/Ar samples  are shown on Figure 107 ,  and 
a n a l y s e s   a r e   l i s t e d  i n  Tables 1 and 2. Most ga1e.m samp1e:s were 
c o l l e c t e d  by D. Klepacki and R. Cook. Mosquito  Creek ,and Cariboo Gold 
Quartz  samples were co l l ec t ed  by the  author ,  and P i n  Money samples  were 
c o l l e c t e d  by B. P r i c e  and C. I. Godwin. Most lead   i so tope   ana lyses  were 
by Q. D. Ryan. For these analyses   galena was d isso lved  i n  hydrochlor ic  
a c i d  and t h i s   s o l u t i o n  was purified  using  anion  exchange  columns and 
electrodeposi t ion.   Samples ,   loaded  using  the  s i l ica   gel-phosphoric   acid 
technique, were analysed on a 30-cent imetre ,   sol id  sourl2e mass spectro-  
meter in  the  Department of Geophysics and  Rstronomy.  Analyses of P i n  
Money, Cariboo Gold puar tz  and t b s q u i t o  Creek samples w,3re by A. Andrew 
who fol lowed  s imilar   chemical   separat ion and loading  te 'zhniques  but  did 
t h e   a n a l y s e s  on a V. G. Micromass 54R mass spectrometer  i n  the  Department 
of Geological  Sciences.  K / A r  da t e s  were determined by J. Harak.al  and 
K. S c o t t  (see Table 2 ) .  

GE0Ux;Y 

T r i a s s i c   a n d e s i t i c   v o l c a n i c   r o c k s  of the  Intermontane Belt are   juxtaposed 
a g a i n s t   P r o t e r o z o i c   t o  F a r l y  Paleozoic   metasedimentary  s t ra ta  of the 
Omineca Belt (Fig.   107) .  The boundary is thought   to  be a low-angle, 
southwesterly  dipping  thrust   fault   (Klepacki,   persona:l   communication, 
1981;  Fees,  1981) , East  of t h i s  boundary  the  Protero::oic  to  Cambrian 
Kaza and  Cariboo  Groups  are made up of conglomerates,   ark.osic  and  quartz- 
ose   sands tones ,   sha les  and carbonate  rocks  (Campbell, e t  a l . ,  1972; 
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1972).  The Snowshoe Formation  (Sutherland Brown, 1963) is equ iva len t   t o  
t he  Kaza Group (Campbell, e t  dl., 1972;   Struik,   1981a) .  Kaza  Group  and 
Cariboo Group rocks  are  overlain  unconformably by rocks of the  Black 

b recc ia s   w i th  bwer Devonian f o s s i l s   a t   t h e i r   b a s e   ( C a m p b e l l ,  e t  
S t u a r t  Formation,  which  are  dark a r g i l l i t e s  and c h e r t  and dolomite 

dl., 1972;   Struik,   1979) .   Mississ ippian  volcanic   and  sedimentary 
rocks  of the Cuyet Formation  unconformably ove r l i e   t he   B lack   S tua r t  

age  intrude  the  Cariboo Group  and a r e  known as   the  Proserpine  dykes 
Formation.   Several   minor   ankeri t ic ,   acidic   dykes of pre-Mississ ippian 

(Suther land  Brown, 1957).  

West of  the  boundary, Wiassic v o l c a n i c   s t r a t a  of the  Intermontane Belt 
a re   p redominan t ly   andes i t i c  and  have  been  interpreted  as   arc- type 
volcanic   rocks (Monger, et dl., 1972) .   Severa l   in t rus ions   occur   wi th in  

Cariboo Bell and Mi tche l l  Bay porphyry  deposits  also  have  180 Ma K/?u 
t h i s   b e l t ,  and  most  have J u r a s s i c  K/M ages  of  approximately  180 Ma. me 

ages   and   a r e   au r i f e rous  (Hodgson, et  dl., 1976;  Schink,  1974). 

Quartz-gold  veins   that   occur   within  the Snowshoe Formation  contain 
g a l e n a ,   s p h a l e r i t e ,  free g o l d ,   s c h e e l i t e ,  and l o c a l l y   p y r r h o t i t e   o r  
a r senopyr i t e .  All these   ve ins   conta in   impor tan t   va lues  i n  s i l v e r .  Ve ins  

sphalerite; sulphide  minerals   are   mainly  galena and cha lcopyr i t e .  
t h a t   o c c u r  i n  t h e   T r i a s s i c   s t r a t a   d i f f e r  i n  t ha t   t hey   l ack   s chee l i t e   and  

CARIB00 GOLD QUARTZ VEINS 

OMiNECA  BELT 
METASEDIMENTARY 

ROCKS 

INTERMONTANE 

TRIASSIC VOLCANICS 

F i g u r e  107. Locat ions  of   gold  deposlts  t rom  whlch  gaien&iead  isotope  analyses  were 
o b t a i n e d   ( r e f e r   t o   T a b l e  1 f o r   d e p o s i t  names). K/Ar analyses *re obtained 
f r m  a vein  and  phyi lite near  CG. The I ine d i v i d i n g   t h e  Omlneca  and 
intermontane b i t s  i s  probably a g e n e r a l l y   w e s t d i p p i n g   t h r u s t .  C I s  
C a r i b x B e i i  porphyry  deposlt ,   andM Is M l t c h e i i  Bay  porphyry  deposlt. 
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LEAD IS-E DATA 

Lead-lead  plots  of the  data   (Table  1 )  from  each of the   depos i t s   (F ig .  
107)   are  shown on Figure 108. "he Cmnineca Belt d a t a  forms a s ing le   g roup  
( C l u s t e r  1 )  , which p l o t s  above  but   c lose  to   the  ' shale   curve '   of   tadwin 
and  Sinclair   (1982) ,   but   markedly  above  the  average  crustal   curve of 
Stacey and  Kramers (1975);   both o€ these model curves   are  shown €or 
r e fe rence  on Figure 108. Data from s t r a t i f o r m   m i n e r a l i z a t i o n   a t   t h e  
Mosquito  Creek mine p l o t  w i t h i n  C lus t e r  1. 

Vein  leads from T r i a s s i c   v o l c a n i c  rocks a r e  less radiogenic  than  those of 
t h e  Cmnineca Belt, p l o t t i n g  below  the  'shale  curve'  on Figure 108. n u s  
t h e y   a r e   d i s t i n c t l y   d i f f e r e n t  from C l u s t e r  1 .  

15.8 - 

15.75 ' 

.- 
/ \ 

A 
CLUSTER 1 / 426 ' 427CC \ 

,427-p i  Akv 1 

18.6 18.8 19.0 19.2 
.. 

206Pb/204Pb 

Figure  108. 207Pb/20+b  versus  206pb/204b p l o t  of galena  analyses frm 
C a r l b o o a n d   a d j a c e n t   I n t e r n o n t a n e B e l t   g o l d   d e p o s i t s ,   ( T a b l e  1) .  
S w b o l s   a r e   t h e  same as  those of F l y r e  107. 

307 



DISCUSSIOW 

Coincidence  of  Cluster 1 (F igs .  108 and 109) w i t h  the   ' sha le   curve '  model 
s u g g e s t s   t h a t  a model  age  can be g iven   t o  the gold   minera l iza t ion   event .  
I f   t he   ' sha l e   cu rve '  model app l i e s ,  it a l s o  implies tha t   t he   sou rce  of 
the   l ead ,  and by inference  gold,  is upper crustal, since t h e   ' s h a l e  
curve '  represents l ead   evo lu t ion  i n  a s i a l i c ,  upper crustal environment 
(Gcdwin  and S i n c l a i r ,  1982) . 

30.4 

30.2 . 

39.0 . 

CG-avg 
0.3 \ 

E 
a" 

MR 

t 
0 

0 
a\ 38.8 . 

8 Fractionation 
01 Slope f f 204Pb error 

Y 
38.4 I 

I CD 

18.8  18.8  19.0 . 19.2 

F l y r e  109. 20+b/20dpb versus 206pb/20dpb p l o t  of galena  analyses 
f r m C a r l b o o   a n d   a d j a c e n t   I n t e r m o n t a n e   B e l t   g o l d  
deposlts (Table 1). Syrnbols a r e  t h e  same as those o f  
F l y r e  107. 
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J u s t i f i c a t i o n   f o r   u s i n g   t h e   ' s h a l e   c u r v e '  model i n  th i s ;   par t  of the 
Omineca Belt comes  from four  l i n e s  of evidence: 

Lead d a t a  from Su l l ivan ,  which is i n  the   southern  Cnnineca Belt, were 
used i n  the cons t ruc t ion  of the  curve. 

wi th   the  Selwyn bas in  and Cassiar   plat form  of   northern  Bri t ish 
S i m i l a r i t i e s  i n  the  geology  of  the  Barkerville-Cariboo  River  area 

Columbia  and  the Yukon have  been  noted  (Struik, 19811s). Therefore 
although  most of the  lead  data   used i n  t he   cons t ruc t ion  of  the 

have s i m i l a r   c h a r a c t e r i s t i c s .  
' sha l e   cu rve '  were  from the Selwyn basin,  Cmineca Belt lead  should 

f ie  provenance  of  sedimentary  rocks i n  the Omineca Belt is e s s e n t i -  

both  autochthonous  terranes which  formed a t   t h e   w e s t e r n  1nargi.n of 
a l l y   t h e  same a s   f o r   t h o s e  i n  t he  Selwyn sha le   bas in ,   s ince   they   a re  

the   Nor th  American craton.   Therefore   s imilar   geochemical  and iso-  
t o p i c   c h a r a c t e r i s t i c s   a r e   t o  be expected  for  t h e  Selwyn basin and 
Omineca B e l t .  

have  lead  isotopic  compositions which f a l l  on the   ' sha le   curve ' ,  
Stratabound  carbonate-hosted  deposi ts  from the  Carj .boo  area  also 

giving  ages  which  agree  with  the Cambrian  age of t he i r   hos t   rocks .  

g e n e t i c   a s   c r o s s c u t t i n g   b o d i e s  i n  carbonate   rocks  (Holbek,   personal  
These  deposi ts   (Maeford Lake and Cornin Zhro' Bea r ) , ,   c l ea r ly   ep i -  

communication,  19821,  are  probably  only  slightly  your,ger  than the i r  
hos t   rocks .  Some epigenet ic   carbonate-hos ted   depos i t s  i n  t he  Yukon 
can   apparent ly  be dated  with  the  'shale  curve'  model  (Godwin, et 
a1  ., 1980) .   Therefore   carbonate-hos ted   depos i t s   a l so   suppor t   the  
hypo thes i s   t ha t   t he   ' sha l e   cu rve '  model i s  gene ra l ly   app l i cab le   t o  
the Omineca B e l t .  

The ca lcu la ted   age   for   the   go ld   minera l iza t ion   event  i s  185 Ma according 
t o   t h e   ' s h a l e   c u r v e '  model, b u t   t h i s  is only accura te  to   approximate ly  50 

morphosed p h y l l i t e   g i v e s  an  age of 1 7 9 k 8  Ma (Table 2) which is  i n t e r -  
Ma (Godwin  and S inc la i r ,   1982) .  K/Ar da t ing  of a reg iona l ly  meta- 

p re t ed   a s   be ing  the age of the l a t e s t  metamorphism. T h i s  agrees w i t h  
p rev ious   es t imates   for   the  age of  metamorphism by Pigage (1977)  and 
Wanless, et dl. (1965) .  Struik  (1981b)  suggests t h a t  metamorphism 

metamorphic  and  mineralization  ages  suggest  that   the v e i ~ ~ s  may be syn- 
occurred  during  the  Middle  Mesozoic  Columbian  orogeny.  Similarity i n  

metamorphic, r a t h e r   t h a n  magmatic i n  o r ig in .  

A t  l e a s t   t h r e e   p h a s e s  of   veins   are   present  i n  t h e  Cariboo Gold Quartz 
mine, and no t   a l l   ve in   phases   a r e   go ld -bea r ing  ( F .  Beacmann, ,personal 
communication,  1981).  Muscovite from  one quar tz -bar i te   ve in   y ie lded  a 
K/Ar model age  of  141+5 Ma (Table 2 ) ,  which is  the same  a!; ages  obtained 
fo r   pos t - t ec ton ic   g ranod io r i t e   p lu tons   sou theas t  of the  area  (Pigage,  

r e l a t e d   d i s t a l l y   t o   p l u t o n i c   a c t i v i t y .  Although  none a r e  seen i:? the 
1977) .  Thus a t   l e a s t  one s e t  of veins i s  pos t - t ec ton ic  and m y  be 

veins  are  synmetamorphic  or  magmatic i n  or igin  does  not  a l t e r   t h e  
immediate  area  of t h e  mine, p lu tons  may be p r e s e n t   a t   d e p t h .  Whether the 
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conc lus ion   t ha t  most  of t h e  lead  and  gold  were  derived  from  the  host 
r o c k s ,   e i t h e r  by l a t e r a l   s e c r e t i o n   d u r i n g   r e g i o n a l  metamorphism  (Boyle, 
1979) .   o r  by h y d r o t h e r m a l   a c t i v i t y   r e l a t e d   t o  magmatism. 

Lead i so tope   da t a  from s t r a t i f o r m   m i n e r a l i z a t i o n   a t   t h e  Mosquito  Creek 
Gold  mine a r e   i n d i s t i n g u i s h a b l e  from those  of the  quartz-gold  veins  of 

o r   o l d e r  and the   mine ra l i za t ion  is Mesozoic,  the  difference  between  syn- 
C l u s t e r  1 (Figs.   108  and  109).   Since  the Snowshoe Formation is  Paleozoic  

g e n e t i c  and e p i g e n e t i c   l e a d  would be r e a d i l y   d i s t i n g u i s h a b l e  by lead  
i so tope   ana lyses .  The lead  from  Wsquito  Creek is c l e a r l y   e p i g e n e t i c  
based on lead  isotopic   composi t ion.  

Lead i s o t o p i c   c h a r a c t e r i s t i c s  of  quartz-gold  veins i n  T r i a s s i c   s t r a t a   a r e  
d i s t i n c t l y   d i f f e r e n t  from  those of t h e  Cmineca Eelt depos i t s   (F igs .  108 
and l o g ) ,  i n d i c a t i n g  a fundamental   d i f ference i n  the  source  of   lead  (and 
perhaps  gold)  i n  t hese   t ec ton ic  belts. Markedly d i f f e ren t   mine ra logy  
suppor t s   t he   hypo thes i s   t ha t   t he  two vein  types  have  lead  sources  which 
a r e   d i f f e r e n t  and  unrelated.  
s chee l i t e -bea r ing  v e i n s  i n  t h e  Snowshoe Formation  could  have  been  derived 

For  example, l i t h o p h i l e   t u n g s t e n  i n  

f r o m   t h e   s i a l i c   h o s t   r o c k s ;  i t s  absence  from  veins i n  t he  more mafic 
Intermontane Belt is  t o  be expected on chemical  grounds if the  veins  have 
a h o s t  rock source. Thus, the d i f f e r e n c e s   i n  the l ead  isotopes can be 

ments.  Figure 110 shows d a t a  from t h i s   s t u d y   p l o t t e d  wi th   Insu lar  Belt 
a t t r i b u t e d   t o  growth of lead  i n  d i f f e r e n t  uranium  and thorium environ- 

d a t a  from Andrew, et dl. (1982)   t o   d i sp l ay   t he   con t r a s t   be tween   t hese  
th ree   d i f f e ren t   l ead   p rov inces .   In t e rmon tane  Belt lead  is more l i k e   l e a d  
from the   Insu lar  Belt than  lead  in   the Omineca B e l t .  

COMPARISON OF OMINECA AND INSULAR BELTS 
GALENA-LEAD ISOTOPE  RATIOS 

158 - 
100 Ma? 

16.7 - 
P 
0. 

5 : 
I56 INSULAR BELT 

GOLD VEINS 

DEPOSITS 

155 
18.0 18.5 180 

2oePb1209b 
(P.5 

~l~~~ I!@. Conparison o t  onlneca,  Insular,  and  lnternwntane 
B e l t  galena- lead  Isotope  rat ios.   Tr iangles  represent 

on t h e  t l v e   c l u s t e r s   s h a n  mark s tandard   dev la t lon  
I n t e r r m n t a n e B e l t   d e p o s l t s  I n  T a b l e  1. E r r o r   b a r s  

o f   t h e   s u i t e   f o r   e a c h   c l u s t e r .  The t w o   g r w t h  
curves shown a r e   t h e   ' s h a l e '   c u r v e  (Todrin and 
S l n c l a l r ,  1982). and the   average   CrWfa I   Curve  
(Stacey  and  Kraners. 1975). 
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me age  of  mineralization  of the veins  i n  the Intermontane Belt is not  
known, b u t  is probably   Jurass ic ,  ca. 180 Ma, based on t he   p lu ton ic  
a n d   v o l c a n i c   a c t i v i t y   r e l a t e d  t o  auriferous  porphyry  de.posi ts  i n  t h i s  
par t  of the  Intermontane Belt. 

~ L U S I O l l S  

metasedimentary rocks  and i n  T r i a s s i c   v o l c a n i c  rocks   p rec ludes  d e r i v a t i o n  
T h e   d i f f e r e n c e  i n  i so top ic  c o m p o s i t i o n  o f   v e i n s   i n  Hadrynian  

o f   l ead  from  the same source ,   thus   ru l ing  o u t  t h e   p o s s i t l i l i t y   t h a t   t h e  
g o l d   i n  the Cariboo area was der ived  from the  Intermontane Belt. 
S i m i l a r i t y   i n   l e a d  isotopic composition of s t r a t i fo rm  ga l ena  from the 
Mosquito  Creek  deposit  with  galena from c lea r ly   ep igene t i c   qua r t z -go ld  
ve ins  i n  the Omineca Belt sugges ts  that  syngene t i c   mine ra l i za t ion  is no t  
present .  

Lead isotope and K/Ar evidence   ind ica te  that  the  age of mine ra l i za t ion  of 
t h e   h i n e c a  Belt quartz-gold  veins is f-hsozoic. Locaticm  of  Cluster 1 

lead  and  gold  have  an  upper crustal ,  host-rock source. The process  by 
(Figs.  108, 109. and 110) near  the ' sha le   curve '  model suqges ts t h a t   t h e  

which metals were mobilized from t h e i r   h o s t   r o c k s  i n t o  Ithe quartz-gold 
ve ins  was probably by l a t e r a l   s e c r e t i o n   d u r i n g   r e g i o n a l .  metamorphism. 

m i n e r a l i z a t i o n  ages, bu t  the p o s s i b i l i t y  that  the  veins  are related to 
S u p p o r t   f o r   t h i s   t h e o r y  comes f r o m   c o i n c i d e n t   m e t a m o r p h i c  a n d  

d i s t a n t   J u r a s s i c   p l u t o n s  is n o t  ruled  out   completely.  

A hos t - rock   soutce   for   the   go ld   in   quar tz -gold   ve ins   in   the   Tr iass ic !  arc- 
vo lcan ic   rocks  may explain  the  unradiogenic   nature  of t h e !  l e a d   i n   t h e s e  
veins.  
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CHROMITE IN ME HOUUT SIDNEY W I L L I A U S  NiE3, CENTRAL BRIT,ISH COURlB'IA 

(93W) 

By P. J. Whittaker 
Department  of Geology, Car le ton   Univers i ty  

ItmmDucTIou 

Fieldwork  during  the summer of 1982 c o n s t i t u t e s   t h e   t h i r d   < m d   f i n a l   f i e l d  

ch romi te   occu r rences ,   p r imar i ly   i n   cen t r a l   Br i t i sh  Columlsia. Tfie past 
season   i nvo lv ing   de t a i l ed  mapping  of u l t ramaf ic   mass i f s   and   assoc ia ted  

f i e l d   s e a s o n  saw a d d i t i o n a l  work done a t  Murray Ridge  (Whittaker  and 
Watkinson,  1981)  and new mapping on part of P inch i  Mountain. Fwth of 

S t .  James area. h s t  of  the  f ieldwork was done a t  Mount S;tdney Williams, 
these   bodies  are in t h e   P i n c h i   f a u l t  zone (Paterson,   1977)   in  the Fort 

an   u l t ramaf ic   mass i f  85 ki lometres   northwest  of Fort Si:. James (Fig. 

Range u l t ramaf ic   mass i f ,  mapped i n  1981 (Whittaker,  1982a.  1982b). Both 
1 1 1 ) .   h u n t   S i d n e y  Williams is a l s o  44 ki lomet res   south  of the Mi tche l l  

Mount Sidney Williams and  Mitchell  Range u l t ramaf ic   rocks  were included 
i n  reg iona l  mapping  by  Armstrong  (1949)  and L i t t l e   ( 1 9 4 7 ) .  

& 4 T  SIDNEY WILLIAMS 

TUART  LAKE 
PlNCHl MOUNTAIN 

MURRAY  RIDGE 

VANDERHOOF 

km 

F i w r e  111. Location ma0 of Plnchi  Mountaln. - 
Murray Ridge, and b u n t  Sidney . 
W l l l l a m .  
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PINCH1 HOUIiTAIY 

P i n c h i   m u n t a i n  is underlain  predominantly by harzburgi te   tectoni tn?  and,  
t o  a lesser e x t e n t ,  by duni te .  Eirittle shea r  from movemerkt i n   t h e   ] ? i n c h i  
f a u l t  zone   has   deve loped   an   i n t ense   fo l i a t ion   r e su l t i ng  i r k  f r i a b l e   p l a t y ,  
g r e y i s h  brown w a t h e r e d   s u r f a c e s .   H a r z b u r g i t e   t e c t o n i t e  is medium t o  
coarse-grained,  equigranular,   and carries accessory  chromj.te.  Serpentin- 
i z a t i o n  is extreme, usua l ly  80 per c e n t  or more complete. 

Dunite   occurs  as deformed  layers  and pods w i t h i n   h a r z b u r g i t e   t e c t o n i t e  
and is a lso   comple te ly   se rpent in ized .   Duct i le   pass ive ly   fo lded   duni te  
l a y e r s  and i r r egu la r ly   shaped   dun i t e  pods  suggests movem(mt i n  a : s t i l l -  
hot  environment,  which  could be the  upper  mantle  (Fig. 1 l;!). 

Chromite was observed   in   an   i r regular ly   shaped   duni te  I-, 100 lmetres 
wide.  The  chromite  layer  has  been  openly  folded  and is about  30 
cent imet res   long   and   exhib i t s  a pinch-and-swell  stru(:ture  up to 3 
cen t ime t re s   t h i ck .  Chromite i n  it is medium gra ined ,   subhedra l  to 
euhedral,  and  forms EO per c e n t  of the layer .   Bleached  serpent ine,  
g reen i sh   wh i t e  i n  colour ,  forms the  groundmass.  In 50 .per c e n t  of  the 
ch romi te ,   i nd iv idua l  grains are rimmed  by 0.5 to   1 .0-mil l imetre- thick 
b leached   se rpent ine   ha los .  

WUUT SIDlJEy WILLIAI(s 

Deta i l ed  mapping on munt   S idney  Williams i n d i c a t e s  a predominance  of 
ha rzburg i t e   t ec ton i t e   w i th   minor   dun i t e ,   o r thopyroxen i t e ,  and  sca.t tered 
ch romi te -ch romi t i t e   l aye r s  i n  duni te .  Ihe West Peak  area,  northwest  of 
a n d   i n   f a u l t   c o n t a c t   w i t h  Mount Sidney Williams, c o n s i s t s  of  massive  and 

gabbro may be   r e l a t ed  to the   u l t r amaf i c  massif as a s t . r a t ig raph ica l ly  
l a y e r e d   n o r i t e   ( L i t t l e ,  1947) with  duni t ic   dykes or sch l i e ren .   Th i s  

h ighe r  component  of a dismembered o p h i o l i t e  or it may have  been  emplaced 
along an a c t i v e   f a u l t  zone  during  obduction. 

Layered  zones  within the mun t   S idney  Williams massif were mapped and 
have  roughly paral le l  o r i e n t a t i o n ,   n o r t h   s t r i k i n g   w i t h   v e r t i c a l   d i p .  

and  duni te .  I n  some cases one or more or thopyroxeni te   l ayers   occur ,  
Layering is rhythmic  and is def ined  by a l t e r n a t i n g   l a y e r s   o f   h a r z b u r g i t e  

usua l ly   wi th in   duni te   l ayers .   Disseminated   chromi te   and   chromi t i te  
l a y e r s ,  up to 2 cen t ime t re s   t h i ck ,  are hosted by  some dun i t e   l aye r s .  
Layered  zones  up t o  5 metres wide were mapped wi th   ha rzburg i t e   l aye r s   up  
t o  1 metre, d u n i t e   l a y e r s  up to 25 cent imetres ,   and  or thopyroxeni te  
l a y e r s   u p  to 4 cen t ime t re s   i n   t h i ckness .   In  most cases layered  zones are 
p lana r   w i th   sha rp ly   de f ined   con tac t s .  One layered  zone exh ib i t ed  a 
doubly   p lunging   synformal   s t ruc ture   wi th   h igher   o rder  small-scale f o l d i n g  
concen t r a t ed   i n   t he   noses  of t he   s t ruc tu re   (F ig .  113) . This   pass ive  
fo ld ing   sugges t s  that duc t i l e   de fo rma t ion   t ook   p l ace   i n  z1mes w i t h i n   t h e  
u l t ramaf ic   mass i f .  
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a b l e  l a t e ra l  e x t e n t   ( a b o u t  500 metres). A v e r t i c a l  2011e cons i s t ing   o f  
Severa l   l ayered   chromi t i te   occur rences  were mapped; somB have  Consider- 

s e v e r a l   d u n i t e   l a y e r s ,   o n e   o f  which carries a 0.5 to 2-centimetre-wide 

Williams. Th i s   l aye r   s t r i kes   no r th  and is  s u b p a r a l l e l  to t h e  summit 
c h r o m i t i t e  band,  occurs 50 metres nor th  of the summit of Mount Sidney 

r idge .  A similar zone  with a chromi t i te   l ayer   (F ig .  1'14) c r o p s   o u t  on 
t h e   f l o o r   o f  a c i r q u e  500 metres to  t h e   n o r t h   a n d   d i r e c t l y   o n   s t r i k e   w i t h  
t h e  summit chromi ti te occurrence.  

Chromite   in   layered  occurrences on Mount Sidney Willianls o f t e n   e x h i b i t  
b l eached   g reen i sh   wh i t e   r eac t ion  rims. These   se rpent ine-chlor i te  rims 
surround  medium-grained  subhedral t o   euhedra l   ch romi te  a.nd are 0.5 t o  1 
millimetres thick.   Prel iminary  microprobe  analyses  show the   chromi te  t o  
be h igh ly   a l t e r ed   w i th   h igh  aluminum,  magnesium, and  sometimes  hiqh  iron 

d e n d r i t i c  form  which is  made up  of  magnetite  and low  chromium chromite  or 
composi t ions .   Textura l ly   the   a l te red   chromi te   exhib : t t s   ske le - ta l  to 

f e r r i ch romi te .  In some gra ins   remnant   una l te red  cores of  chromite  occur;  
t h e s e  are i r r e g u l a r   i n  form  and  have se r r a t ed   bo rde r s .  The chromite  

chrome  values  than  chromite  from  podiform  chromiti te  described  from  the 
c o r e s  are amber t o   r e d d i s h  brown i n   t r a n s m i t t e d   l i g h t  and  have lower 

Mitche l l  Range (Whit taker ,  1982a. 198213). 

AcKuu?LmGnENTs 

Mini s t ry  of Energy,  Mines  and Petroleum  Resources  and  the  Geological 
F i n a n c i a l   s u p p o r t   f o r   f i e l d w o r k  was r e c e i v e d   f r o m   t h e   l h i t i s h  Columbia 

Survey of Canada (Grant  203/4/81) v ia   g ran ts  to D r .  D. H .  Watkinson. 
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