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SUMMARY I 
The 1988 s u r f a c e  1  d l  program on t h e  Clielnai nus  J o i n t  

V e n t u r e  ( J V )  i n v o l v e d  1 : 5 0 0 0  s c a l e  p r o p e r t y - w i d e  mapping, more 
d e  t a i  l e d  1 : 2000 mappi llg a t.o~irid s p e c i  f i.c slzor~ i n q s  ant1 a t re l ich i  ng  
program which accompani ed d i  alnond d r i l l i n g  . R e s u l t s  of  t h e  
t r e n c h i n g  prc.)gram a r e  i  rl Valide ( ; ~ t c k ~  t e  ( 1  9 8 8 )  . O h  jec t : ives  of t l i e  
s u r f  a c e  program were t o  1 , rovide a  g e o l o g i c a l  b a s e  map of  t h e  
p r o p e r t y ,  t o  doc~inient t lie s t - r a t i g r a p h y  (sf t h e  McLdl~glzliri Ridge  
F o r m a t i o n ,  t o  c h a r a c t e r i z e  diid d e l i i n i t  a l t e r a t i o n  z o n e s ,  t o  p r o v i d e  
a  s t r u c t u r a l  s y n t h e s i s  dnd t:o dt te rnpt  t o  c o n s t r a i n  t h e  illore 
f  a v o u r a b l e  a r e a s  of  b a s e  niet,al d e p o s i t i o n .  

The l i t h o l o g i c :  package of exp l ( : ) r a t i on  i n t e r e s t  i s  t h e  Devoni-an 
McLauylzlin Ridge F o r m a t i o i ~ ,  a l ~ e t e r o l i t h i c  a s semblage  of  inaf i c ,  
i n t e r m e d i  a t e  and f e l s i  c vo l (:an i c x  roc:l;s and s i lbord i nal e sed i .mentary  
r o c k s .  The McLauglllii? Ridge  Forma t ion  o c c u r s  i n  t h e  core of  a11 
open  a n t i c l i n e  t h a t  i s  slzal low1 y and a p p a r e n t 1  y doi lbly  p l u n g i n g .  
The McLauylilin Ridge vcsl caizi cs a r e  f l a n k e d  a l o n g  b o t h  t h e i r  
n o r t h e r n  and s o u t h e r n  marg ins  by s e d i i ~ i e n t a r y  r o c k s  o f  t h e  o v e r l y i n g  
M i s s i s s i p p i a n  Cameron Forma t ion .  Both t h e  McLauglzlili Ridge  and 
Cameron R i v e r  Fo rma t ions  have  been  i n t r u d e d  e s t e ~ l s i  v e l y  by  g a b b r o s  
o f  t h e  T r i a s s i c  Karmutsen Fol - r i~a t io~i .  A1 1 l i t l i o l  o g i e s  a r e  uncoi i for-  
mably o v e r l a i n  by cl a s t i  c: s e d i ~ l ~ e n t s  o f  t h e  C r e t a c e o u s  Nanaimo 
Group.  

The McLaughlin Ridge Formation i s  dolri inated by q u a r t z  + / -  
p l a g i o c l a s e - p h y r i c  f e l s i c  l ? j r r o c l a s t i c s  i n  t h e  c e n t r a l  p a r t  o f  t h e  
c l a i m  g r o u p .  T h e i r  t h i ck -bedded  1iat;ure and t h e  p r e s e n c e  o f  fiamme 
i n d i c a t e  t h a t  most of  t h e s e  f e l s i c  v o l c a n i c s  e r u p t e d  a s  p y r o c l a s t i c  
f l o w s .  Minor f e l s i c  f l o w s  or si 1 1 s  oc:c-.ur i n  t h e  Andt?rson Creek  and 
Watson Creek  a r e a s  and a s s c ~ c i a t e d  i i i  tl1 Minova/L,aramide 's  C o r o n a t i o n  
d e p o s i t .  The f e l s i c  v o l c a n i c s  become s u b o r d i - n a t e  t o  c l i n o p y r o x e n e -  
p h y r i c  m a f i c  and i n t e r m e d i a t e  f l o w s  and p y r o c l a s t i c s  b o t h  a c r o s s  
t h e  b e l t  t o  t h e  n o r t h  and s o u t h  and a l o n g  t h e  b e l t  t o  t h e  e a s t  and 
w e s t .  Many of  t h e s e  niaf i c :  v o l c a i i i c s  a r e  h i g l i l y  v e s , i c ~ l l a r  mono l i t h -  
i c  l a p i l l i  t u f f s  and t u f f  h r e c c i a s ,  c o n s i s t e n t  w i t h  s u b a e r i a l  o r  
s h a l l o w  w a t e r  e r u p t i o n  and  n e a r - v e n t  a c c u m u l a t i o n .  

A l l  l i t h o l o g i e s  w i t h i n  t h e  McLaughlin Ridge  have  undergone  
s e v e r a l  p e r i o d s  of  d e f o r m a t i o n .  A11 e a r l y  p e r i o d  of  d u c t i l e  
d e f o r m a t i o n  produced  a  w e l l - - d e v e l o p e d  w e s t - n o r t h w e s t  t r e n d i n g ,  
s t e e p l y  d i p p i n g  s c h i s t o s i t y  i n  a l l  l i t l i o l o g i e s .  A s l i a l l o w l y  
p l u n g i n g  m i n e r a l  and stret-crli 1  i i ~ e a t j  on accompanied t l ie  developmeli t  
o f  t h i s  s c h i s t o s i t y .  T h i s  e a r l y  s c h i s t o s i t y  h a s  been  d i s p l a c e d  by  
a  l a t e r ,  e a s t - w e s t  t r e n d i n g  dnd s t e e p l y  d i p p i n g  s i n i s t r a l .  c re izu la -  
t i o n  c l e a v a g e .  L a t e  b r i  t t.1 e  f e a t u r e s  abound on  t h e  p r o p e r t y .  
T h e s e  i n c l u d e  k i n k  b a n d s ,  con j u g a t e  s h e a r  f r a c t u r e s ,  and f a u l t s  o f  
v a r i o u s  a t t i t u d e s .  The niost p r o n ~ i n e n t  f a u l t  i s  t h e  F u l f  o r d  f a u l t  , 
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which is most likely a series of splays, marked by gouge zones, 
which parallel the earl y scrlk i s Lou i ty . Nei. tller sense nor amount of 
displacement on the F~llfold fault is known. These structural 
features are consistent with an early period of south- southwest 
directed compression followed by a period of relaxation to produce 
the brittle features. Renewed solith- southwest directed compres- 
sion resulted in a period of north-dipping listric faulting, of 
which the Fulford is an exaaple. 

Alteration of all McL,auglilin Ridge volcanics is widespread. I11 
terms of base metal exploration, the most important alteration 
types are sericite + / -  pyrite (Na20, CaO depletion) alteration of 
fe1si.c volcanics and chlorite + / -  pyrite + / -  sericite alteration 
(MgO enrichment) of inaf ic volcanics. Sericitized f elsic volcanics 
occur throughout the property, while chl-oritized mafic volcanics 
have been identified only in the vicinity of the Sharon showing on 
Brent 1. No new base metal occurrences were discovered as the 
result of the 1988 surface geological program. 

The geological mapping program of 1988 has provided a framework 
for future exploration on the Chemainus JV. However, the general 
dearth of outcrops means that many of the interpretations are based 
on scant data. This map should be thought of as a preliminary map 
that will, undoubtedly, require modification as new information is 

0 accessed. 

RECOMMENDATIONS 

Based on surface mapping in 1988, I recommend that the following 
two avenues of exploration on the Cliemainus JV he pursued in the 
near future: 

A. Future work designed to increase our understanding of the 
geology of the property. 

(1) Geological Mapping. (i) 1: 5000 scale geological mapping of the 
property should be completed in the spring of 1989. Areas that 
were not mapped in 1988 include the extreme eastern and western 
ends and northern and southern margins of the property and some of 
the newly established grid lines, especial-ly those on Chip 1-4. 

(ii) If warranted, 1:1000 scale mapping of specific areas of 
interest can be iinpl.emented in 1989. This phase of the 1988 
program was aborted in favour of expanding the 1:5000 mapping. The 
usefulness of 1:3.000 mappiiig hinges on whether or not it will 
enable geological i1iterp~-etations, not possible at 1 : 5000, that 
will aid exploration  effort:^. It was felt that in 1908, too little 
of the geology of the property was understood at 1:5000 to warrant 
1 : 1000 mapping. 

0 (2) Geophysics. 7 recyolu~nenc-l that a detailed gradient mag- 
netometer survey be r:oi~tltic*ted c-)lTer those parts of tlie property 
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where i t  may b e n e f i t  t h e  g e o l  ug i  c a l  interprets t i o n .  T h i s  s u r v e y  
wollld h e  of ilse i n  t l.at-:irlcj uld<jr~c:t-i c nidf ic: v o l c d r l i c  u i ~ i  t:s wlii c:h 
i n t e r u p t  a11 o t h e r w i s e  ~nonot.oi-Io~is s e c ~ u e i ~ c e  of  f e l s i c  vc.~lcai l ics  , a s  
on f lolyoak 2  and 3  and Chj 1 -  3 .  S e v e r a l  of  t h e s e  m a g n e t i c  u n i t s  
h a v e  Iseel? d e t e c t e d  i l l  e x i  c; ti  ng ~rragnet i  c: s ~ ~ r \ ~ e y ,  however ,  
b e c a u s e  many a r e  l e s s  t;lialz 30 ~n t.h i c k ,  t -hat  i s ,  less t h a n  t h e  
e x i s t i n g  s l l rvey  s t a t i o n  s e p a r d t - i o n ,  tl1el7 a r e  n o t  a lways  d e t e c t e d  
o n  a d  j o i n i n g  l i n e s .  1 ir~alces co j . ra l  a t i o n  d i  f f  icl l l t  . The nlost 
c r i t i c a l  a r e a  i d e n t i f  i e t l  t c )  d d t e  i s  t h e  r e g i o n  be t \ iee i i  Power1 j lie 
a n d  Watson Creel is .  The g e o l  c)r j ical  i  nt e r p r e t d l  i o n  i n  t h i  s a r e d  i s 
b a s e d  c h i e f l y  011 t h e  c- .orrela t  i on of  w i d e l y  s e p a r a t e d  o u t c r o p s .  
Whi l e  m a g n e t i c  inaf ic  v c j l ~ - . a l ~ i c s  do o c c u r ,  t h e y  a]-e t h i n  ( < 2 0  m 
t h i c k )  , r e s u l t i n g  i n  a  d i s j c r i i l t e d  ~ n a g n e t i c  p i c t u r e .  C o i ~ s e q u e n t l y ,  
d e t a i l e d  c o r r e l a t i - o r 1  i  s a1111si q ~ ~ o i i s  i 11 p l a c e s .  7 t i s  v e r y  irnl?ort:ant 
t o  make t h i s  i n t e r p r e t a t i  011 less ainbiguo~ls  i n  o r d e r  d e t e r i ~ l i n e  t h e  
f a t e  o f  t h e  A n i t a  minei-a1 i z e d  Z O I I ~  14ec;L of  l i n e  20E. T reconlmend 
t h a t  a  g r a d i e n t  magne t i c  srli-vey be  c o n d u c t e d  be tween  l i n e  3W and  
28E, f rom s t a t i o n s  5N t o  5 S ,  w i t h  a t a t i o n s  s p a c e d  a t  5 111 i n t e r v a l s .  
I f  t h e  r e s u l t s  from t h i s  s u r v e y  p r o v e  u s e f u l ,  s i m i l a r  d e t a i l e d  
m a g n e t i c  s u r v e y s  s h o u l d  be c o n d u c t e d  e l s e w h e r e  on t h e  p r o p e r t y .  

( 3 )  D r i l l i n g  and T r e n c h i n g .  A d d i t i o n a l  g e o l o g i c a l  i i ? fo rma t io i i ,  
a s  a c c e s s e d  by d r i l . l i n y  arid t r e n c h i n g ,  i.s r e q u i r e d  i n  a r e a s  o f  
p a r t i c u l a r l y  poor  e x p o s u r e .  I11 t h e  n e x t  p h a s e  o f  e x p l o r a t i o n ,  I 
recommend t h e  d r i l l i n g  o f  s e c t i o n s  t o  f i l l  i n  e x i s t i n g  i n f o r m a t i o n  
and  p r o v i d e  w e l l - c o n s t r a i n e d  g e o l o g i c a l  s e c t i o n s  a t  a p p r o x i m a t e l y  
1 km i n t e r v a l s .  To a c c o i ~ i p l i s h  t h i s ,  I reconlmend d r i l l i n g  o f  
s e c t i o n s  a l o n g ,  o r  n e a r ,  l i n e s  14W ( B r e n t  1) , 40E (Ch ip  1) , 12E 
( C h i p  2 ) ,  10W (Ch ip  31 ,  21W ( C h i p  3 1 ,  and 33W ( C h i p  4 ) .  Where 
f e a s i b l e  , t r e n c l ~ i n g  s h o u l d  acconipai~y d r i l l i . n g  , t o  p r o v i d e  add i  t i o n -  
a 1  i n f o r m a t i o n .  T h i s  d r i l l  i rig s l ~ o t i l  d  sa111pl.e a l l  major  f  e l s i c  
v o l c a n i c  u n i t s  w i t h i n  a p a r t i c u l a r  s e c t i o n .  I n  a d d i t i o n ,  I 
recommend t h a t  e x i s t i n g  d r i l l  s e c t i o n s  be  e x t e n d e d  t o  encompass 
f e l s i c  u n i t s  n o t  sampled .  I n  p a r t i c u l a r  s e c t i o n  2E ( C h i p  2 )  s h o u l d  
b e  e x t e n d e d  t o  t h e  s o ~ ~ t l i ,  and  s e c t i o n s  50'W (Holyoak 3 )  and 1+50W 
( B r e n t  1) s h o u l d  b e  e x t e n d e d  t o  t h e  n o r t h .  

B .  Futcln-e work d e s i g n e d  t o  t e s t ;  f o r  m i . n e r a l i z a t i o n .  

(1) D r i l l i n g .  The  ma^-ked s i m i l a r i t i e s  be tween  t h e  g e o l o g i c a l  
s e t t i n g  o f  Westmin ' s  Lynx Mine (Walke r ,  1985)  and t h e  A n i t a  
m i n e r a l i z e d  zone i n d i c a t e s  t h a t  e x p l o r a t i o n  on t h e  Cl~emainms J V  
s h o u l d  c o n t i n u e  t o  t e s t  t h e  c o n t a c t s  be tween  n i a f i c  and f e l s i c  
v o l c a n i c s .  A s  t o  t h e  p r i o r i t i z a t i o n  o f  t h e  many maf i c - f e l s i c  
c o n t a c t s  t h a t  e x i s t  on t h e  p r o p e r t y ,  I f e e l  t h a t  t h e  b e s t  c o n t a c t  
t o  e x p l o r e  i s t h e  c o i l t a c t  I-ietween t h e  s t r a t i g r a p h i c a l l y  h i g h e s t  
f  e l s i c  v o l c a n i c  u n i t  w i  t1-1 t-he o v e r l y i n g  inaf i.c v o l c a n i c .  T h i s  
a s sumes  t h a t  maf i c  tui-iit,s wi thi11 t h e  f e l  s i c  v o l c a i l i c  package  
r e p r e s e n t  o n l y  b r i e f  ce s sa t -  i o n s  i n  v o l c a n i c  a c t i v i t y ;  c e s s a t i o n s  
too b r i e f  t o  a l l o w  a c c ~ ~ r n u l d t i o n s  of s i z e a b l e  m a s s i v e  s u l p h i d e  

0 d e p o s i t s .  The t l l i c k  f e l  s i  c: v o l c a n i  c uni  t be tween  Watson Creek  and  
Anderson  Creek may be  t l ~ e  11p1)ei-most f e l s i c  v o l c a n i c  i n  t h i s  a r e a ;  
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(b INTRODUCTION 

Location, Access and Physiography 

The Chemainus Joint Venture project area is located on southeast 
Vancouver Island with the centre of the property approximately 16 
km west of the town of Chemainus, British Columbia (Figure 1). 

Access to the property is along seldom-used logging roads and 
abandoned railway grades which can be reached from MacMillan 
Bloedel Ltd. ' s "Copper Canyon Mainline" haulage road along the 
Chemainus River (Figure 2). 

With the exceptions of deeply incised stream valleys and steep 
hillsides in the north part of Chip 1 and 2 and the west part of 
Brent 1, the topography of the claims is gentle. Elevations range 
from between 500 and 1100 metres, with higher elevations en- 
countered along the northern margin of the property. 

I 

The Chemainus JV comprises two separate claim groups. The 
western group, referred to as the Chip claims, occupies a total of 
2602 hectares in claims Chip 1 to 18. The eastern claim group, 
referred to as the Brent-Holyoak claims, is composed of Brent 1 and 
Holyoak 1 to 3 claims, with a total area of 1085 hectares (Figure 
2 )  . These two claim groups, which occupy an aggregate of 15 kni of 

0 strike length of the Sicker Group, are separated by 2.5 km strike 
length of Sicker Group which is presently held by a Minnova 
Inc./Laramide Resources joint venture. This latter claim group 
hosts the Coronation deposits (Bai-les et al, 1987). The west end 
of the Chemainus JV is bordered by claims held by Trek Resources 
and an independent prospector; the east end of the JV is bounded 
by Minnova Inc.'s Mt. Sicker property and Cominco's Nugget claims. 

Previous Geological Work 

On a regional scale, the area underlain by the Chemainus JV is 
included in Muller (19801, Massey and Friday (1988) and Massey et 
a1 (1988). 

Previous property-scale geological mapping of the Chemainus claim 
group was by Britten (3.9841, Everett and Cooper (1984), Enns and 
Hendrickson (1986) and i\lallal.ieu et a1 (1987). These surveys 
focussed on specific regions of the property; none encompassed the 
entire claim group. 

Present Geological Survey 

The present geological silrvey was conducted from April 19 to July 
26 and August 29 to Novenr11t:l- 10, 1988. The mid- summer break in 

0 1 
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field work was due to clos~lre of the bus11 due to extreme fire 
hazard. 

The objectives of the present survey were to provide a bedrock 
geological map at 1:5000 over much of the claims, to provide more 
detailed (1: 1000) geological maps of specific areas of interest, 
and, through a trenching program, to access additional outcrop in 
critical areas. Results from the trenching program, including 
trench maps at 1:500, are presented in Vande Guchte (1988). 

Geological mapping was done along roads, streams and grid lines. 
Information was plotted in tlie field on transparent overlays on 
1: 5000 orthophotos, and was subsequently transferred to 1: 5000 base 
maps, made from the orthophotos. An effort was made to visit all 
critical outcrops in the claim group, most of which had been noted 
by Mallalieu et a1 (1987). In particularly critical areas, the 
author mapped the geology along newly established grid lines which 
were not present during the previous geological mapping. Trenching 
and drill hole information were incorporated into the final 
geological maps. Geological maps are presented at 1: 5000 (Figure I 

3 )  and 1:10000 (Figure 4). Both sets of maps provide the same 
information, however those at 1:10000 allow the reader to get a 
better overall picture of the property geo1.ogy as a whole. 

The 1:1000 mapping failed to provide any additional insight into 
the geology of selected areas due to poor exposure and the 
discontinuous nature of lithologic units in detail. Therefore, 
this phase of the mapping was curtailed in favour gaining a better 
understanding of the overall geology of the belt by expanding the 
1:5000 mapping to the eastern and western extremities of the claim 
group. 

Acknowledgements 
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GENERAL GEOLOGY 

I n t r o d u c t i o n  

Vancouver  I s l a n d  i s  ~ l r i ( l e r l a i n  by  a  d i v e r s e  a s semblage  o f  
l i t h o l o g i e s  , which ,  w i t h  t h e  e x c e p t i o n  of t h e  e x t r e m e  s o u t h e r n  t i p  
o f  t h e  i s l - a n d ,  be long  t o  \J~-arlc_fell i a ,  an a1 I och t l ionous  t e r r a i n  whicli 
was a c c r e t e d  t o  t h e  c o n t i n e n t a l  marg in  o f  N o r t h  America d u r i n g  t h e  
C r e t a c e o u s  ( e g .  M u l l e r ,  1977;  J o n e s  e t  a l ,  3 9 7 7 ) .  The o l d e s t  
r o c k s  w i t h i n  W r a n g e l l i a  a r e  Pa1eozoi.c v o l c a n i c s  and s e d i m e n t s  o f  
t h e  S i c k e r  Group which i s  exposed  on V a n c o ~ l v e r  T s l a n d  i n  s e v e r a l .  
s t r u c t u r a l  c u l m i n a t i o n s ,  t h e  l a r g e s t  of  wllich a r e  t h e  Cowichan- 
Horne Lake ,  B u t t l e  Lake,  T o f i n o  and  Nanoose u p l i f t s  ( F i g u r e  5 ) .  
The Chemainus J o i n t  V e n t u r e  o c c u p i e s  a  p o l - t i o n  of t h e  s o u t h e a s t  
p a r t  o f  t h e  Cowichan-Horne Lake 1lpli.f t ( F i g u r e  5 )  . 

Most o f  o u r  u n d e r s t a n d i n g  o f  t h e  S i c k e r  Group d e r i v e s  from r e c e n t  
g e o l o g i c a l  s t u d i e s  r i i  t h i n  t h e  B 1 . 1 t t l e  Lake ( J l ~ r a s ,  1987)  and  
Cowichan-Horne Lake (Massey and  F r i d a y ,  1 9 8 7 ,  1988 ;  S u t l ~ e r l a n d  
Brown e t  a l ,  1986;  M~. l l l e r ,  1980)  lip1 i.f t s .  W1iil.e t h e r e  a r e  s t r i k i n g  
s i m i l a r i t i e s  i n  t h e  g e o l o g y  o f  t h e  Cowichan-Horne Lake and But  t l e  
Lake u p l i f t s  t h e r e  h a s  been  no  c o n c e n t r a t e d  e f f o r t  on  c o r r e l a t i n g  
u n i t s  be tween  t h e  two u p l i f t s ;  e a c h  u p l i f t  h a s  i t s  own s e t  o f  
f o r m a t i o n a l  names. N e v e r t h e l  ess , a t e n t a t i v e  c o r r e l a t i o n  of 
l i t h o l o g i e s  between t h e  two u p l i f t s  i s  p r e s e n t e d  i n  1. Of p r ime  
i m p o r t a n c e  i n  t h i s  c o r r e l a t i o n  i s  t h e  p r e s e n c e  o f  v o l c a n i c - h o s t e d  
m a s s i v e  and  semi-massive s u l p h i d e  d e p o s i t s  w i t h i n  t h e  McLaughlin 
Ridge  Forma t ion  i n  t h e  Cow-ichan Lake F o r m a t i o n  (Twin J ,  C o r o n a t i o n ,  
A n i t a )  and t h e  Myra Forma t ion  o f  t h e  B u t t l e  Lake u p l i f t  (Lynx,  
Myra,  P r i c e ,  H - W ) .  However, t h e  r e a d e r  s h o u l d  view t h i s  c o r r e l a -  
t i o n  w i t h  due  c a u t i o n  d u e  t o  t h e  a b r u p t  f a c i e s  c h a n g e s  which 
c h a r a c t e r i z e  v o l c a n i c  d e p o s i t s ,  t h e  g r e a t  d i s t a n c e s  o v e r  which 
t h e s e  c o r r e l a t i o n s  a r e  iaade, and  t h e  r a t h e r  p o o r  a g e  c o n s t r a i n t s  
on  l i t h o l o g i - e s  of  t h e  two w p l i f  t s .  

Cowiclian-Horne Lake U p l i f t  

W i t h i n  t h e  Cowichan-Home Lake l i p l i f t  t h e  S i c k e r  Group h a s  been  
s u b d i v i d e d  i n t o  f i v e  for ic ia t ions  ( 1 ) .  From o l d e s t  t o  y o u n g e s t  
t h e s e  a r e  t h e  Duck Lake ,  N i  k ina  t , McLaughli n  R i d g e ,  Cameron R i v e r  
and  Mount Mark Forma t ions .  

The Duck Lake Forma t ion  i s  exposed  i n  t h e  n o r t h w e s t  p a r t  o f  t h e  
Cowichan-Horne Lake 11l?l i f t , n e a r  P o r t  A l b e r n i .  T h i s  f o r m a t i o n  
c o m p r i s e s  a rnonotonollo serliret-ice r>f v a r i o l  i t i c  p i  1 l owed and m a s s i v e  
b a s a l  t.s o f  p r o b a b l e  FIORB -1i ke y e o c l ~ e i ~ i i  s t r y  (N. Massey , g e o l o g i s t ,  
B .  C . Dept  .Energy & M i  l i e s ,  r)r-.1'~0i?dl co~nm~liii c a  t i o n ,  2 988)  . The Duck 
Lake Forn ia t ion  is o v e r l a i n  y t h e  N i t i n a t  Forniatiolz,  a  f a i r l y  
l ~ o m o g e n e o ~ ~ s  sequence  of iod f i i: c:1 i tlc:)pyroxene -I-/- p l a g i o c l a s e - p h y r i c  
f l o w s  and g y r o c l a s t i c s  of c r a l c a l k a l  i c  t o  a l k a l i c  ( s h o s h o n i  t i c )  
a f  f i n i  ty. Flows and i i ~ d i  v i l l ~ l i l l  (:I rlsts a l e  t y p i c a l  l y  liigllll7 F i g u r e  







v e s i c u l a r .  The N i t i n a t  Forma t i o n  i s o v e r l a i n  by t h e  McLaugl~l in  Ridge  
F o r m a t i o n ,  a  h e t e r o l  i t h i  c s e q u e n c e  o f  c a l c a l  k a l i c  t o  a l - k a l i c  
( s h o s h o n i  t i c )  f e l s i c ,  i i ~ t e r ~ n e d i a t e  and maf i c  v o l c a n i  cs , and d e r i v e d  
s e d i m e n t s .  F e l s i c  vo7 c a n i  c:s a r e  qi- lar tz  + / -  p l a g i o c l a s e - p h y r i c  
p y r o c l a s t i c s ,  f l o w s  and s ~ t b v o l c a n i c  i . n t r u s i o n s .  The S a l t s p r i n g  
I n t r u s i o n ,  c e n t r e d  i n  s o u t h e r n  S a l  t s p r i n g  I s l a n d ,  may r e p r e s e n t  an  
i n t r u s i v e  p h a s e  (volcanic:  c e n t r e ? )  r e l a t e d  t o  McLaughlin Ridge  f e l s i c  
v o l c a n i s m .  I n t e r m e d i a t e  and iriafi c vol.cani cs a r e  a p l ~ y r i c  to c l i r i o p y r -  
o x e n e  +/ -  p l a g i o c l a s e  - p h y r i c  p y r o c l a s t i c s ,  f l o w s  and s u b v o l c a n i c  
i n t r u s i o n s ,  t e x t u r a l l y  and geo(:hemi.call y s i i n i - l a r  t o  l i t h o l o g i e s  
w i t h i n  t h e  N i t i n a t  Format i o n .  The McLaugliliii Ridge  Forma t ion  i s  
o v e r l - a i n ,  a p p a r e n t l y  c o n f o r m a b l y ,  by  t h e  Cameron R i v e r  F o r m a t i o n ,  a  
d o m i n a t e l y  e p i c l a s t i c  and c h e m i c a l  s e d i m e n t a r y  package  c o m p r i s e d  of  
t h i n l y  bedded c h e r t s ,  a r g i l l i t e s ,  s i l t s t o n e s  and  wackes.  The 
uppe rmos t  f o r m a t i o n  w i t h i n  t h e  S i c k e r  Group o f  t h e  Cowichan-Horne 
Lake u p l i f t  i s  t h e  Mount Mark Format-ion.  T h i s  f o r m a t i o n ,  n o t  exposed  
i n  t h e  Chemainus J V ,  i s  composed o f  m a s s i v e  and l a m i n a t e d  c r i n o i d a l  
c a l c a r e n i t e s  and a r g i l l i t e s  (Massey and  F r i d a y ,  1 9 8 7 ) .  

The S i c k e r  Group h a s  heen  i n t r u d e d  by g a b b r o  and  d i o r i t e  s i l l s  and 
d y k e s  which f e d  Karin~l tsen Forn1ati.on v o l c a n i c s  o f  t h e  o v e r l y i n g  
Vancouver  Group, i n  r e p o n s e  t o  L a t e  T r i a s s i c  c r u s t a l  d i l a t i o n  (Massey 
and  F r i d a y ,  1988)  . I n  t h e  Chemainus J V  a r e a ,  t h e  S i c k e r  Group and 
Karmutsen i n t r u s i o n s  a r e  o v e r l a i i ?  unconforn iab ly  by c l a s t i c  s e d i m e n t s  

0 o f  t h e  L a t e  C r e t a c e o u s  Nanaimo Group. 

A v a i l a b l e  age  c o n s t r a i n t s  on v a r i o u s  f o r m a t i o n s  w i t h i n  t h e  S i c k e r  
Group a r e  summarized i n  Brandon e t  a 1  (1986)  and  J u r a s  (1987)  . The 
b e s t  e s t i m a t e  f o r  t h e  a g e  o f  t h e  S a l t s p r i n g  I n t r u s i o n  i s  a U-Pb 
z i r c o n  d a t e  o f  393 (+25,-10)Ma ( E a r l y  Devonian)  . A U--Pb z i r c o n  age  
of 370(+18 , -6 )Ma  ( p r e -  L a t e  Devonian)  i s  t h e  b e s t  e s t i m a t e  f o r  t h e  
a g e  o f  t h e  Myra Forlnat ion a t  Rut t l e  Lalre. F a u n a l  d a t a  i n d i c a t e  t ha t ,  
t h e  Cameron R i v e r  Format i  c111 i s E a r l y  to e a r l y  L a t e  M i s s i s s i p p i a n .  
The Mount Marl.; (Cowichan--I-101-tie 1,al;e upl-i  f t  ) and Bul:tl e  Lake (Ba t t l e  
Lake upl . i f  t Forma tioils c o ~ l t a i  1-1 e a r l y  Middle  Penr i sy lvanian  t l ~ r o u g l ?  
E a r l y  Permian c o n o d o n t s .  

PROPERTY GEOLOGY 
I n t r o d u c t i o n  

The c u r r e n t  ye01 og i  ca1 i  r ~ l  t?rpr t? t  a t  i on o f  t h e  C h i p  C l  a ims and t h e  
Hollroak-Brent C l a i i ~ i s  i  s sllcr~rr? 011  1 : 1 0 ,  000 mdy)s (Appendix  A )  . The 
Cheinainus J V  i s  ~ i n d e i - l a  i 11 by  a1-,11roxj.nia t ,el  y  57% b1cLaughl i n  R i  dge  
F o r m a t i o n  ( u n i t s  2 , 3  anc'l 4 )  , 23% Cali~eroil R i v e r  Format io i l  ( u n i t  5 )  , 
17% Karmutsen yabbro  d i ~ d  t I i r - ) r i t e  (urii t s  ' I  and 8 ) ,  and 3% Nanaimo 
Group ( u n i t  11 ) . R i  t j n a t  Forlnat i o n  3 i t l ~ o l o g i e s  a r e  n o t  exposed  
w i t h i n  t h e  c o n f i n e s  of ( l i t ?  ('lieir~dintls (JV b u t  o l~ t : c rop  i iornediate ly  e a s t  
o f  t h e  p r o p e r t y .  A d i  s < : i ~ s s i o n  o f  t-11is fol-niat ion i s  w a r r a n t e d  g i v e n  
i t s  s i r n i l a r i  Ly t o  mafic: 11ni t :3 \ ~ i  t 11-i n  t h e  o v e r l y i  i ~ g  McZ,a~lgl~l in  Ridge 
F o r m a t i o n  oil t h e  proloel-ty a~~c'l i t s s i r i l i  1 a r i  t y  t o  t h e  P r i c e  Fo rma t ion  

0 i n  t h e  But t;le Lake llFll i  f- 1- , w l l i  (-11 i  3 t h e  f o o t w a l  1 t o  t h e  H--W d e p o s i t .  
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Lithologies within the Chernainus JV trend west-northwest. Bedding 
attitudes are difficult to discern in most of the property. Those 
that were observed have dips which vary from 20 degrees to vertical. 
Virtually all. lithologies are characterized by a steeply dipping, 
variably intense schis tosi ty . Mineral and s tretcl? lineations are 
shallow plunging within the plane of schistosity. 

Devonian 

Nitinat Formation 

The following discussion is based on observations of Nitinat 
lithologies east and south of the property (Massey et al, 1987). 

Lithologies within the Nitinat Formation are mafic flows, pyroclas- 
tics and subvolcanic intrusions, characterized by the presence of up 
to 50% large (0.25-1.5 cm) calcic clinopyroxene phenocrysts. Lesser 
(0-15%) plagioclase phenocrysts are present locally. Flows are 
massive or pillowed; pillow breccia is present on Panorama Ridge, 2 
km northwest of Chemainus. Pyroclastics, which dominate the Nitinat 
Formation, comprise monolithic tllf f breccia, lapilli tuff and lesser 
tuff. Clasts are invariably vesicular, with up to 65% calcite, 
quartz or chlorite-f illed arnygdules. The monolithic nature of the 
pyroclastics and their high vesicularity are consistent with near- 
vent deposition in a shallow marine to subaerial environment, perhaps 
in tuff or cinder cones. 

McLaughlin Ridge Formation 

(i) Introduction 

The McLaughlin Ridge Formation is the lithologic package of 
exploration interest, hosting massive and semi-massive sulpide 
deposits in the Cowi.chan-Horne Lalte uplift and being remarkably 
similar to the massive sulphide-hosting Myra Formation in the Buttle 
Lake uplift. The McLaugh1i.n Ridge Formation occurs, uninterrllpted, 
along the entire length of the claim group with an average exposed 
width of 2 km. The McLa~xghlin Ridge Formation i.s composed of varying 
proportions of felsic, intermediate and mafic volcanics and subvol- 
canic intrusions and lesser clastic and chemical sediments. Felsic 
volcanics dominate the central part of the claims, decreasing in 
abundance, at the expense of mafic and intermediate volcanics, to the 
northwest and southeast. 

Classification in the field is based on colour index (CI) ( %  mafic 
minerals) ; maf ic volcanics have CI>35, intermedi-ate volcanics 15-35 
and felsic volcanics < 1 5 .  The quartz--phyric nature of felsic 
volcanics distiiiguisl~es tlle111 from the more felsic intermediate 
volcanics. These colo~lr indices correspond approxin~ately with Si02 

0 
contents of 53%, 53-70% and >70%, respectively. 



(ii) U l t r a m a f i c ,  Maf i c  V o l c a n i c s  ( U n i t s  1 , 2 )  

M a f i c ,  and l e s s e r  u l t r a m a f i c  v o l c a n i c s  a r e  t h e  main l i t h o l o g i e s  
i n  t h e  w e s t e r n ,  e a s t e r n  and  n o r t h e r n  p a r t s  o f  t h e  p r o p e r t y .  The 
d i s t i n c t i o n  between inaf i c and ul . t ramaf  i c  v o l c a n i c s  i s  n o t  r e a d i l y  
made i n  t h e  f i e l d ,  h u t  i s  b a s e d  on g e o c h e m i c a l  c r i t e r i a  w i t 1 1  
u l t r a m a f  i c  v o 1 c a n i . c ~  c o n t a i n i n g  (53% S i 0 2  and >lo% MgO. Thus 
d e f i n e d ,  o n l y  a  s m a l l  p r o p o r t i o n  o f  u l t r a m a f i c  coinposi t i o n s  and no  
mappable  u n i t s  of  u l t r a m a f i c  v o l c a n i c s  o c c u r  on t h e  p r o p e r t y .  I n  
t h e  c e n t r a l .  p a r t  of t h e  p r o p e r t y ,  m a f i c  v o l c a n i c s  o c c u r  a s  t h i n ,  
c o n t i n u o u s  u n i t s  i n t e r b e d d e d  w i t h  f e l s i c  v o l . c a n i c s .  

Weathered  s u r f a c e s  a r e  medium t o  d a r k  g r e e n ,  f r e s h  s u r f a c e s  a r e  
d a r k  g r e e n .  Maf i c  v o l c a n i c s  a r e  i n v a r i a b l y  h i g h l y  s c h i s t o s e  
c h l o r i t e  s c h i s t s .  I11 t h i n  s e c t i o n  m a f i c  v o l c a n i c s  a r e  composed o f  
a m i n e r a l  assemblage  o f  c h l o r i t e  + a c t i - n o l i t e  + p lag ioc1 . a se  +/ -  
e p i d o t e  + / -  c a l c i t e  +/ -  m a g n e t i t e .  Many a r e  weakly  t o  s t r o n g l y  
m a g n e t i c ,  w i t h  up  t o  l o % ,  <1 mm d i a m e t e r ,  d i s s e m i n a t e d  m a g n e t i t e .  
Many o f  t h e  m a f i c  c h l o r i t e  s c h i s t  u n i t s  c o n t a i n  u p  t o  15% 0.5-1.5  
c m  l o n g  d a r k  g r e e n - b l a c k  c h l o r i t e  w i s p s ,  i n t e r p r e t e d  t o  r e p r e s e n t  

I 
f l a t t e n e d  c l i n o p y r o x e n e  p l ~ e n o c r y s t s  ( s e e  he low)  . C a l c i t e  i s  a  
common c o n s t i t u e n t  o f  c h l o r i t e  s c h i s t  u n i t s ;  some u n i t s  e n c o u n t e r e d  
i n  d r i l l  c o r e  c o n t a i n  u p  t o  50% c a l c i t e .  

I 
Where less  deformed,  a s  at: t h e  e d g e s  o f  t h e  p r o p e r t y ,  p r i m a r y  

v o l c a n i c  f a b r i c s  a r e  p r e s e r v e d  i n  m a f i c  u n i t s .  Many a r e  c h a r a c -  
t e r i z e d  by t h e  p r e s e n c e  o f  up  t o  25%, 0 .5-2  c m  d i - a ~ n e t e r ,  e q u a n t  
c a l c i c  c l  inopyroxene  phenoc r  y s  ts , which have  been  pseudomorphed hy  
a c t i n o l i t e  which ,  i t s e l f  i s  -in v a r y i n g  s t a g e s  o f  a l t e r a t i o n  t o  
c h l o r i t e  . These  p11enoc1:ys t s  have  been  v a r i a b l y  f l a t t e n e d ;  w i  t l ~  
extreme d e f o r m a t i o n  or11 y  c h l o r i t e  w i s p s  r e m a i n .  P l a g i o c l a s e  
p h e n o c r y s t s ,  up t o  2  m m  i n  s i z e  and i n  amounts  r a n g i n g  up t o  1 5 % ,  
a r e  v a r i a b l y  s e r i c i t i z e d  ant1 s a u s s e r i  t i z e d .  A1 t e r a t i . o n  t o  c o a r s e  
e p i d o t e  o c c u r s  l o c a l l y .  An a d d i t i o n a l  c h a r a c t e r i s t i c  of  t h e  inaf i c  
v o l c a n i  cs i s  t h e i r  11 i (jh 1y v e s i  c u l a r  n a t u r e .  Most c l a s t s  i n  
p y r o c l a s t i c  d e p o s i t s  a r e  v e s i c : u l a r ;  some a r e  s c o r i a c e o u s ,  c o n t a i n -  
i n g  u p  t o  60%, (1. rnin--1 C : I I I  d i  d ~ l ~ e t e r ,  cj11ai.t~ or  c a l c i t e - f i l l e d  
v e s i c l e s .  

W i  t h  t l ie  e x c e p t i  01-1 (of: f 1 ow:; on Rrent: 1 , C h i  p 2 ,  and Ch ip  4 ,  a l l  
n ~ a f  i c  v o l c a n i c s  appeal. t i )  I-)e p j7 roc l  a s t i  c d e p o s i t s .  011 Bren t  1 ,  i n  
T r e n c h  1 + 50W, inaf i c:: vo l  cdr i i  c::; a r e  c h a r a c t . e ~ -  i zed by mass ive  , a p h y r i c  
u n i t s  (1 -3  111 t h i c k )  r ~ i  t l l  al~oll t .  50% .05- - 1  111111 l o n g  p l a g i o c l a s e  
m i c r o l i t e s  i n  a  ch lo l - i  l- ic: ~ n ~ i t - ~ i  x ( a f t e r  c l i n o p y r o x e n e )  . Minor ~ 
q u a r t z - - e p i d o t e - f i l l e d  anlygdales  a r e  1 - 3 lllrl1 i 11 d i a n ~ e t e r .  Some o f  ~ 
t h e s e  f l o w s  c:ontai 11 p j  11 o w  1 i lie for ius .  Y'llese lnassi  ve u n i t s  a r e  , 
s e p a r a t e d  by (1-2 111 thi6.1, ~ i ~ o n o l i t l i i t r  c l a s t i c  u n i t s  which a r e  
v a r i a b l y  c h l o r i  t i  zetl.  7'11is 111dt i t :  vo1c:anic seylxence 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  s e r i e s  c-~f 1-1 i 1 1  ~,r~c:c-i  dnd m a s s i v e  ina f i c  f l o w s ;  t h e  f l o w  
cor1tac:ts a r e  n~arliecl h y  1.111,1)1 y f l  ~ ) r . r  t o y : ,  a nd  k~c:rt.t,onrs and p o s s i b l e  
p i l l  o w  h r e c c i  a s .  The i:l a s  t i c n a t u r e  o f  t h e  c c , n t a c t s  r e n d e r e d  them 
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more amenable  t o  s~lbsscluer t t  ( c h l  o r i  t i c )  a l t e r a t i o n .  On Ch ip  2 ,  
t h r e e  o c c u r r e n c e s  of t.11 i 1 1  ( < 5 n i l  (:1 i 110]3yr~,>;c?r1o i / glciqi(x:l asc? - 
p l l y r i c  m a f i c  f l o w s  o r  s i l l s  have  been  e n c o u n t e r e d  a t  14E/0+60N1 
8E/0+50N, and 14W/1.+6ON. These  t h r e e  maf i c :  un i  ts o c c u r  a t  a b o u t  
t h e  same s t r a t i g r a p h i c  p o s i t i o n  and niay c o r r e l a t e .  011 Ch ip  4 ,  a  
m a s s i v e  c l i n o p y r o x e n e  t p l a g  i o c l a s e - p h y r i  c f l o w  i s  w e l l  exposed  i n  
a  r o a d  c u t  hetween l i n e s  28W and 30W a t  6N. T h i s  f l o w  i s  c a p p e d ,  
t o  t h e  n o r t h ,  by a  f l o w - t o p  b r e c c i a  composed o f  h i g h l y  v e s i c u l a r  
f r a g m e n t s .  

Where p r o t o l i t h s  a r e  d i  s c e r n a b l e ,  t h e  ma joi-i t y  of inaf i c l :  vo l  c a i l i c s  
a r e  p y r o c l a s t i c  d e p o s i t s .  (:I a s s i f  i c a t i o n  f o l l o w s  t h a t  c)f F i s h e r  
(1966)  and  Schn1i.d ( 1 9 8 1 ) ,  whereby t u f f s  a r e  colnposed m a i n l y  o f  ash-  
s i z e  f r a g m e n t s  ( < 2  mm), l a p i l l i  t u f f  o f  l a p i l l i - s i z e  c l a s t s  (2-64 
m m )  and  t l ~ f f  b r e c c i a  of block-size c l a s t s  0 6 4  m i n )  . 

P y r o c l a s t i c  p r o t o l i t l ~ s  a r e  b e s t  exposed  i n  t h e  n o r t h  p a r t  o f  Ch ip  
1 and  2 .  I fe re ,  t h e y  a r e  d o l ~ i i n a t e l y  l a p i l l i  t i n f f s  w i t h  l e s s e r  t:uf f s  
and  t u f f  b r e c c i a s .  V i r t u a l l y  a l l  c l a s t s  a r e  e s s e n t i a l ;  most 
d e p o s i t s  a r e  mono1 i t h i c  and poor1.y s o r t e d  i n d i c a t i n g  l i  t t l e  or no  
r e w o r k i n g  s u b s e q u e n t  t o  d e p o s i t i o n .  They a r e  i n t e r p r e t e d  t o  have  
b e e n  d e p o s i t e d  i n  a  s u b a e r i a l  t o  s h a l l o w  w a t e r  e n v i r o i ~ m e n t  , p e r h a p s  
i n  t u f f  or c i n d e r  c o n e s .  H e t e r o l i t h i c  i na f i c  p y r o c l a s t i c s  i n  t h e  
Anderson Creek a r e a  of  Ch ip  4  a r e  v a r i a b l y  h e m a t i t i z e d .  C l a s t s  
r a n g e  i n  c o m p o s i t i o i ~  from m a f i c  t o  i n t e r m e d i a t e .  These  p o o r l y  
s o r t e d  l a p i l l i  t u f f s  and t u f f  b r e c c i . a s  may r e p r e s e n t  d e b r i s  f l o w s .  
Well  bedded m a f i c  t u f f s  c h a r a c t e r i z e  t h e  m a f i c  v o l c a i l i c s  i n  t h e  
A n i t a  a r e a  of  Ch ip  3. where t h e y  a r e  w e l l  exposed  i n  T r e n c h e s  a l o n g  
l i n e s  27E  and 28E and have  been  i n t e r s e c t e d  i n  d r i l l  c o r e .  Bedding 
w i t h i n  t h e s e  t u f f s  v a r i e s  from <1-5 cnl t h i c k  and i s  somet imes  
g r a d e d .  C l i n o p y r o x e n e - p h y r i c  m a s s i v e  u n i t s  ( s i l l s ? )  a r e  a s s o c i a t e d  
w i t h  m a f i c  t u f f s  i n  t h i s  a r e a .  These  m a s s i v e  u n i t s  a r e  c h a r a c -  
t e r i z e d  by  t h e  p r e s e n c e  o f  up  t o  1 0 % ,  0 .5-1  c m  d i a m e t e r ,  s p h e r i c a l ,  
e p i d o t e - r i c h  c lo t s .  

(iii) I n t e r m e d i a t e  Volcan- ics  ( U n i t  3 )  

I n t e r m e d i a t e  vol-cani  cs occ l i r  t h ro i tqhou t  t h e  p r o p e r t y  i  n t i m a t e l y  
a s s o c i a t e d  w i t 1 1  maf i c  vol c a n i c s .  They a t t a i n  t h e i r  g r e a t e s t  
abundance  towards  t h e  e a s t  end of t h e  p r o p e r t y  on Holyoak 2  and 
B r e n t  1. I11 a d d i t i o n ,  a  d i s t i n c t  s u i t e  of i n t e r m e d i a t e  v o l c a n i c s  
a r e  sandwiched  be tween  t h e  111afic v o l c a n i c s  o f  t h e  McLaughlin Ridge 
F o r m a t i o n  and Cameron R i v e r  c h e r t  s a1 ong  t h e  n o r t h e r n  p a r t  o f  t h e  
p r o p e r t y ,  from Ch ip  1 to  C h i p  4 .  

Weathered s u r f a c e s  aye  1 i g11 t t-o ~nediu i~ i  g r e e n ,  f r e s h  s u r f a c e s  a r e  
l i g h t  t o  dark  g r e e n .  M o : ; t  -i ~ t t e l m e d i  a t e  voI c a n i c s  a r e  h i g h l y  
sc11istc)se uili ts co i~ ip t~sed  o f  d m i n e r a l  assem131 a y e  s i m i  l a r  t o  t h e  
ma f i c vo l  c a n i c s  . Whei-e t le l  c > ~ . ~ I ~ L L  t. i 011 i  s wed]< arid p r o t o l i  t h s  c a n  be  
a s c e r t a i n e d ,  a l l  i n t e l m e d i a t t :  v o l c a i z i c s  a r e  p y r o c l a s t i c  d e p o s i t s .  
Most o r  t h e  p y r o c l a s t i c  c1epc.r;i ts a r e  t u f f s .  IIowever, o ~ ~ t c r o p s  o f  
w e l l - p r e s e r \ r e d  t i i f f  1~ret:ci a dli(1 1  a p i  l l  i t11f f  a r e  exposed  i n  



t r e n c h e s  1+50W and 3W on B r e n t  1. Here ,  h e t e r o l i t l - i i c ,  and p o o r l y  
s o r t e d  p y r o c l a s t i c s  a r e  m a t r i x  t o  c l a s t  s u p p o r t e d .  C l a s t s ,  c i g a r -  
shaped  due  t o  d e f o r m a t i o n ,  r a n g e  u p  t o  1 rn lo i ig .  Most c l a s t s  a r e  
i n t e r m e d i a t e  i n  coinpos i t i o n  and p l  a g j  o c l  a se - -phyr i  c. Minor f  e l s i  c ,  
q u a r t z - p h y r i c  and maf i c  volcailicr: arid r a r e  c h e r t  c l a s t s  a r e  a l s o  
p r e s e n t .  These  p y r o c l a s t i c s  a r e  i n t e r p r e t e d  t o  have  been  depos i - t ed  
a s  d e b r i s  f l o w s .  

The i n t e r m e d i a t e  v o l c a n i c s  which o c c u r  between m a f i c  v o l c a n i c s  
o f  t h e  McLaughlin Ridge F o r ~ n a t i o n  and t l i e  s e d i m e n t s  o f  t h e  Cameron 
R i v e r  Forma t ion  a r e  wel l -exposed  a t  t h e  h a i r p i n  t u r n  a l o n g  t h e  W-8 
r o a d  i n  t h e  n o r t h e a s t  p a r t  of  Ch ip  3 .  Here l i t t l e - d e f o r m e d ,  w e l l -  
bedded  (0 .1-5  c m  thiclc  b e d s )  p l a g i o c l a s e - - p h y r i . c  t u f f  s o c c u r  i n  t h e  
c o r e  o f  a  wes t -nor thwes t  p l u n g i n g  s t r u c t u r a l  c u l m i n a t i o n .  Graded 
b e d d i n g  and f l ame  s t r u c t u r e s  a r e  deve loped  l o c a l l y .  Some a s h  and 
l a p i l l i - s i z e  c l a s t s  c o n t a i n  c o n c e n t r i c  rims. These  rims may have  
been  added  t o  t h e  c l a s t s ,  i.n a  manner s i m i l a r  t o  t h e  growth  of  
h a i l s t o n e s .  Such a c c r e t i o n a r y ,  or armoured l a p i l l i  accumula t e  o n l y  
on l a n d  o r  i n  s h a l l o w  w a t e r  us1lall.y w i t h i n  a  few k i l o m e t r e s  o f  t h e  
e r u p t i v e  v e n t .  Most a r e  p r o d u c t s  o f  p l i rea tomagmat ic  e r u p t i o n s  
( W i l l i a m s  and McRirney, 1979)  . 

( i v )  F e l s i c  V o l c a n i c s  ( U n i t  4 )  

0 F e l s i c  v o l c a n i c s  a r e  t h e  domi i iant  1  i t h o l o g y  o f  t h e  McLaughlin 
Ridge  Forma t ion  on t h e  C l i e~~ ia inus  JV. They a r e  t h e  main l i t l l o l o g y  
i n  t h e  c e n t r a l  p a r t  of t h e  c l a i m s ,  d e c r e a s i n g  i n  abundance b o t h  
e a s t  and west a t  t h e  expense  of  m a f i c  and i n t e r m e d i a t e  v o l c a n i c s .  

Weathered and f r e s h  s u r f a c e s  v a r y  from p a l e  g r e e n  t o  p a l e  b ~ l f f .  
The c o l o u r  a p p e a r s  t o  be re7  a t e d  t o  i n t e n s i t y  o f  a l t , e r a t i o n ;  p a l e  
g r e e n  f e l s i c  vo1canic:s dl-e l e a s t  a l t e r e d ,  p a l e  bu f f  f e l s i c  
v o l c a n i  cs have heen i n t  e n s e l  y s e k - i c i  t i  zed  (see  be low)  . I n t e n s i t y  
o f  d e f o r m a t i o i i  i s  var i -ah1 e .  TI] t,llin sec:t:ic:)n f e l  s ic   volcanic:^ a r e  
composed o f  q u a r t z  + p l a g i o c - l a s e  + s e l - i c i t . e  + / -  c l i ' l o r i t e .  The 
g r e e n  c o l o t l r  o f  t h e  re1 d t  i v e l  jr unal  t-eired f e l  s i c  v o l c a n - i c s  i.s due 
t o  t h e  p r e s e n c e  of p a l e  g r een  s e r i c i t e  + / -  c l11or i t . e .  

111 most c a s e s ,  t h e  d i s t  inc:t ion between pyroc : las t ics  and f l o w s  o r  
s i l l s  c a n  be det,errni.iied i l l  t 11in s e c t i u n .  P y r o c l a s t i c s  a r e  c l iarac-  
t e r i z e d  by a  wide rariqc? i 11 c:~.;l:;l a1 s i z e  f  roin obvio l l s  p h e n o c r y s t s  
t o  c r y s t a l  f r agmen t s  \al?ic-l-I mal;e tip t l ie  m a t r i x .  C r y s t a l s  a r e  ai-igul.ar 
and  b r o k e n .  Flows and s i l l s  c o n t a i n  a  more r e s t r i c t e d  r a n g e  o f  
c r y s t a l  s i z e  w i  t l i  a  inal-kecl si z e  c l i f  f e r e n c e  hetween p l i enoc rys t s  and 
groundmass .  Groundn~~iss  i s c:ira~pc>sed of a v e r y  f  ir ie g r a i n e d  
homogei~eous g r a n o b l a s t i c  i n l . e r g r o r ~ j t 1  nf qilal-tz and p l a y i o c l a s e  w i t h  
o r  w i t h o u t  t;i.ny ( < .l iurn l u ~ ~ i - )  p l a g  i o c l  a s e  mi cro ' l  i t e s  . Pt-ienocrysts 
a r e  e u l i e d r a l  and seldc)ii~ a r e  a n g u l a r  o r  13rol;en. Q u a r t z  phenocl-ysts  
a r e  i n v a r i a b l y  ernbayed i 1 1  1,ot 11 p y r o c l a s t i c s  and f lcsws. 

Most o f  t h e  f  e l s i c  v~-j lcdnir :s  a r e  p y r o c l a s t i  c s ;  p o s s i b l  e  f l o w s  
a n d / o r  sl.lbvt.>lcariic inl , r t l : ; io~is  c-)c.rtrur on Ch ip  4 ,  Chip  2 ,  and i n  t h e  
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footwall of the Minnova/Laramide Coronation Zone. In the Corona- 
tion footwall, the groundmass of the felsic volcanics is a fine to 
medium grained, equigranul.ar mosaic of plagioclase laths, consis- 
tent with a slow rate of crystallization, perhaps as a s~tbvolcanic 
intrusion. A possible quartz-playioclase-pliyric f elsic flow crops 
out on Chip 2 near 2E/3N. On Chip 4, at Anderson Creek (32W-34W/- 
IN- 3N) , a felsic flow or sill is characterized by the presence of 
up to 10% large (0.5-0.8 cm) euhedral quartz phenocrysts. Similar 
large quartz phenocrysts are associated with the felsic footwall 
units to the Coronation deposit, felsjc pyroclastics near the 
Sharon showing on Brent 1 and Saltspring intrusions exposed along 
Highway 1 between Chemainus and Duncan, B.C. Their significance 
is not known, however their presence allows tlie subdivision of the 
otherwise monotonous felsic volcanic package. 

While most f elsic volcani cs are pyroclastic, bedding and clasts 
are only rarely observed. Most of the felsic volcanics appear to 
be coarsely bedded tuffs; light green clasts with ragged termina- 
tions are interpreted to represent flattened pumice fragments 
(fiamme). The majority of these felsic volcanics are interpreted 
to be metamorphosed pyroclastic flows, on the basis of their 
clastic, coarse- bedded nature, tlie presence of fiamme, and their 
apparent thickness (several 100's of metres). Thin bedded felsic 
tuffs occur locally. On Chip 2, at 10E/4+60NI possible accretion- 
ary lapilli in felsic tuffs indicate subaerial accuinulation. 

The felsic pyroclastics form a monotonous sequence in the middle 
part of the claim group. A distinct quartz + plagioclase-phyric, 
coarsely bedded felsic tuff u1ii.t occurs between lines 2W and 31E 
near the south limit of the Mc1,aughl in Ridge Formation. This unit 
is not altered and is characterized by the presence up to 20 % ,  
0.5-1.5 cm, equant, plagioclase phenocrysts, lesser quartz 
phenocrysts and rare chert clasts. 

(v) Sedimentary Rocks (Unit 5) 

Within the McLaughlin Ridge Formation, sediments are a minor com- 
ponent, occurring as thin (<lo m thick) units of argillite, 
siliceous argillite, and chert. The best exposed occurences are 
black siliceous argi-llites in the north part of Holyoak 3, light 
green siltstone, argillit-e and chert in the Anita area and black 
argillite at Watson Creek. Argillite and siliceous argillite are 
invariably black; green argillites occur at the Anita area and 
associated with black siliceolls argill it,es on Holyoak 3. Cherts are 
buff to green. Where discernable, bedding is 1-20 mm thick. I11 
thin section cherts are a very fine grained quartzofeldspathic 
mosaic with occasional detrital quartz and plagioclase grains and, 
in some cases, possible radio1 aria. 



( v i )  S t r a t i g r a p h y  

The i n t e n s e  d e f o r m a t i o n  which h a s  a f f e c t e d  a l l  l i t h o l o g i e s  witt.1i.n 
t h e  McLauglllin Ridge Format i o n  h a s  g r e a t l y  h i n d e r e d  a t t e m p t s  a t  
documen t ing  t h e  s t r a t i g r a p h y  o f  t h i s  f o r m a t i o n .  Liini t e d  bedd ing  and 
f a c i n g  d i r e c t i o n  d e t e r m i n a t i o n s  a r e  r e s t r i c t e d  t o  t h e  marg ins  of  
t h e  f o r m a t i o n  and s u g g e s t  a n  o v e r a l l  a n t i  f o r m a l  s t r u c t u r e .  
However, t h e  l a c k  of  i i ~ f o r i n a t i o n  w i t h i n  t h e  c e n t r a l  p a r t  of  t h e  
f o r m a t i o n  restr icts  t h e  d i s c u s s i o n  o f  s t r a t i g r a p h y  t o  g e n e r a l  
terms. 

The g e n e r a l  s t r a t i g r a p h i c  p i c t u r e  t h a t  h a s  emerged i s  o f  a  b a s a l  
member domina ted  by f e l s i c  v o l c a n i c s  which i s  o v e r l a i n  by a  m a f i c  
and  i n t e r m e d i a t e  v o l c a n i c - d o m i n a t e d  s e q u e n c e  which i s  s u b s e q u e n t l y  
o v e r l a i n ,  a p p a r e i i t l y  coilf o r m a b l y ,  by s e d i m e n t s  o f  t h e  Cameron R i v e r  
F o r m a t i o n .  The m a f i c  N i t i n a t  Fo rma t ion  is n o t  exposed  on t h e  c l a i m  
g r o u p  b u t  i s  i n f e r r e d  to u n d e r l i e  t h e  McLaughlin Ridge  Forma t ion .  
The b a s a l  f e l s i c  v o l c a n i c  member i s  e s t i m a t e d  t o  b e  a  maximum of  
600 metres t h i c k  based  on t h e  maximum exposed  w i d t h ,  i n  t h e  c e n t r a l  
p a r t  of t h e  b e l t ,  assilming a  s i n i p l e  a n t i c l i n e  w i t h  a x i a l  f o l d  t r a c e  
b i s e c t i n g  t h e  b e l t .  T h i s  member i s  composed d o m i n a t e l y  o f  f e l s i c  
p y r o c l a s t i c  f l o w s  which a r e  v a r i a b l y  q u a r t z  -t/- p l a g i o c l a s e - p h y r i c .  
A l t e r a t i o n  w i t h i n  t h e  f e l s i  c member, m a n i f e s t  a s  s e r i c i t e  + / -  
p y r i t e  m i n e r a l  a s s e m b l a g e s ,  o c c u r s  througlioixt t h e  member, b u t  
a p p e a r s  t o  b e  e s p e c i a l l y  p r o m i n e n t  n e a r  i t s  u p p e r  c o n t a c t  w i t h  t h e  
maf i c  member. Th in  i r i t e r b e d s  o f  m a f i c  v o l c a n i c s  i n t e r r u p t  t h e  
o t h e r w i s e  monotonous f  e l s i c  s u c c e s s i o n .  Tliese rnaf i c  u n i t s  may 
r e p r e s e n t  "background" v o l c d n i s m  which accummulated d u r i n g  11111s 
i n  t h e  o u t p o u r i n g  of  t h e  f e l s i c  p y r o c l a s t i  c f l o w s .  A1 t e r n a t i v e l y  
t h e s e  t h i n  m a f i c  u n i t s  iiiay h e  i n f o l d e d  or  i n f a u l t e d  p o r t i o n s  o f  t h e  
u p p e r  m a f i c  member. Tlie i na f i c  v o l c a n i c - d o m i n a t e d  member t h a t  
o v e r l i e s  t h e  f e l s i c  rnei~rher is es l . i ina ted  to  h e  ( 4 0 0  metres t h i c k .  
These  u p p e r  maf i  c v o l c a n i c s  a x e  t e x t u r a l l y  and c o m p o s i t i o n a l l y  
s i m i l a r  t o  t h e  t h i n  ~iiaf i in t*erbecls  i n  t h e  f e l  s i c  member and t o  t h e  
n i a f i c  u n i t s  i n  t h e  N i t i i i a t  Forniat ioi? .  A l t e r a t i o n ,  i n  t h e  form o f  
h e m a t i  t i z a t i o ~ z ,  i s  p r e v a l e n t  n e a r  t h e  t o p  o f  t h e  ~ i i a f i c  member. 
T h i n  j a s p e r  u n i t s  a r e  a s s o c i a t e d  w i t h  t h e s e  l i e m a t i t i c a l l y  a l t e r e d  
inaf i c  v o l c a n i c s  . The mafir: member. 5 s ove r l a - i  11 d i  r e c t l y  by Cameron 
R i v e r  Format  i o n  sediniei i ts  011 ~ I I O Y  t of t h e  p r o p e r t y .  However, a1 ong 
t h e  n o r t h  i r~a rg in  o f  the M(:T,aughl ir i  R-iclge Fol-ination,  i n  t h e  Ch ip  
c l a i m s ,  a  u n i t  of p l a g i c ~ c l a s e - - 1 : ~ l i j ~ r i c  i n t e r m e d i a t e  v c ) l c a n i c s  o c c u r s  
h e  tr$een heilia t i t i  zed iud f i c: v o l  c a ~ ~ i r : s  alitl (':di~iel-c?n R i v e r  s e d i m e n t s  . 
M i s s i s s i l ~ p i a n  

Cameron R-j  LTer Format.ic,i~ 

( i )  Sedi inei l tary R o c k s  ( ~ J I - I  i t 5 

The Canierori R i v e r  Fls~irial. i 011 i ,c; clef i necl 11y t - l~e p r e s e n c e  of  t h i c l i  
accumul a t  i o n s  of ~edi.ineill:~jr y r o c k s  which bound t h e  McIJaughl i n  Ridge 
Forniat  i o n  a l o n g  i  ts I 1 dnd s o ~ ~ t l i e r n  rnarg i n s .  On t h e  
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Chemainus JV the Canleron River Format.ion is composed mainly of 
cherts with lesser, h11t sigi~i ficant, siltstones and wackes. Bedding 
is well developed, ranging in thickness from 0 .l-5 cm. Grading is 
locally present. 

Triassic 

Karmutsen Formation 

(i) Mafic Intrusive Rocks (Unit 7) 

Maf ic intrusive rocks, related to Late Triassj-c Karmutsen 
volcai~ism, are uhiqui tous throughout the property. Individual 
intrusions vary from several cni to 400 in wide aiicl have been traced 
along strike for up to 6.5 km. In a gross sense most mafic 
intrusions are sill-like, appearing to have intr~lded along 
lithologic contacts in many instances. Cross- cutting relation- 
ships are present locally. Attitudes range from vertical to near-- 
horizontal. Weathered surfaces are medium to dark green; fresh 
surfaces are dark green. Colour indices average 40-60, however 
ultramafic phases with CI>90 have been identified in drill core. 
Both porphyritic and eqliigranular varieties are present. Por- 
phyritic gabbros contain 1-15%, 0.2-0.6 rnm plagioclase phenocrysts 
in a fine grained equigranular groundmass. Equigranular varieties 
are medium to coarse grained and ii~variahly contain up to lo%, 
large (0.2-0.6 mm), skeletal ilmenite crystals, now variably 
pseudomorphed by leucoxene. Porphyritic varieties with fine 
grained groundmass are most coinmon in narrow sills or near the 
margins of larger intrusi.ons. Medium and coarse-grained equi- 
granular varieties are most common in the interior of larger 
intrusions. Mafic intrusions range from massive, no11- foliated to 
mylonitic; fabric parallels that of s~nrrourlding volcanics. A 
feature of many of these mafic intrusions is their abrupt termina- 
tions. This may be related to primary controls or to subsequent 
deformation. 

(ii) Intermediate Intrusive Rocks (Unit: 8 )  

Intermediate intrusive rocks are restricted to one sill- like 
diorite exposed at the east end of the property. This very 
magnetic diorite is medium-grained equigranular with a CI of 20-30. 

Post-Triassic 

(i) Late Intrusive Rocks (Unit 10) 

Late, post-metamorphic and yost-deformational intrusive rocks are 
a very minor component of the Cheinainus claim group. All clearly 
crosscut prexisting schistosi ty and are tl~ernselves nonfoliated. 
All are thin ( ( 2  m wide) eqiligranlxlar intermediate dykes. Colour 
indices average about 35-40. Late dykes were observed along the 
powerline, about 800 m east of Chip 1 and on Chip 4, near 29W/7N. 



Clastic sediments of the Nanaimo Group unconformably overlie or 
are in fault contact with older volcanic, sedimentary aiid intrusive 
rocks. In the Chemainus JV area the fining upward sequence 
comprises basal conglomerates and sandstones of the Comox Forination 
overlain by rusty weathering argillite aiid siltstone of the Haslam 
Formation (Muller and Jel etzky , 1970) . Conglomerates include non- 
transported lithified regolith, little transported lithified talus 
and well transported boulder and cobble coiiglomerates. Clast types 
exhibit reasonably close correlation to underlyi.ng lithologi es. 
Conglomerate matrix and overlying sandstone units are doniinately 
composed of immature wacke. 

Nanaimo Group sediments unconformably overlie older lithologies 
along the south margin of the property. A sliver of Naiiaimo 
sediments, encountered in drill. core in the Anita area, is in fault 
contact to the north with McLauglilin Ridge vol.canics. Its southern 
contact, again with McLaughl.in Ridge volcanics , is unconformable 
in places and a fault in places (Money et al., 1988). 

Metamorphism 

With the exception of Late Intrusive rocks (Unit 10) and Nanaimo 
sediments (Unit 11) , all litl~ologies have been metamorphosed. The 
presence of abundant calcite, actinolitic amphibole and chlorite 
in maf ic volcanics indicate that peak metamorphic conditions 
reached greenschist facies. The presence of hornblende in mafic 
volcanics in the Watson Creek area indicates slighter higher 
metamorphic conditions have developed locally. 

Correlation of Geology with Geophysics 

With the exception of a11 area with a thick cover of clay-rich 
glacial till on Brent 1, ground geophysics has proven to be a 
useful tool in correlating geological units across poorly exposed 
portions of the property. The followirig discussion relies heavily 
on Hendrickson (1988) . 
Magnetics has proven especia'lly llseftll in correlating units 

across poorly exposed areas. The first order distinction in 
magnetics is between f elsi r: ailti maf ic volcanics. In general, maf ic 
volcanics are 150-450 iiailoteslas (56150-56600 vs 55950-56100 
naiiotesl as) above the sr~rround-i 1ig f elsic v01cani.c~. This has 
greatly facilitated the c(n~-~elaLjoi~ of the thin mafic units that 

0 are interbedded with the fel si c vol canics. The diorite intrusion 
at the east end of the property is similarly responsive to 



magnetics. A maximum value of 59328 nanoteslas was recorded over 
this intri~sion; most values were several hundred nanoteslas above 
the surroundi.ng f el sic volcanics . A pi-onou~iced dipole effect, 
evident along the northern and to a lesser degree along the 
southern margin of this intrusion, suggests that this intrusion has 
a shallow dip. 

Most VLF responses on the property appear to be due to conductive 
fa~ll t aizd shear zones. IIowever , several formational conductors aizd 
conductive lithologic coiltac ts also exhi bit VLF responses. The 
major fault on the property, the westnortliwest trending Fulford 
Fault is a persistent moderat-e to weak VLF conductor along much of 
its length. The VLF suggests that the Ful ford Fault bifurcates 
west of 1-ine 18E on Chip 2. North of the Fulford, near the baseline 
from 9E to 1W a strong VLF conductor correspoiids to pyritic and 
graphitic argillite. Pyritic: clierts of the Cameron River Formation 
exhibit excellent VLF response on Chip 1 (line 28E to 4 3 E )  and Chip 
3 (line 7W to 16W). 

Both deep (gradient) and shallow (Schlumberger) I. P. surveys have 
delineated several linear chargeability anomalies. Many of these 
are coincident. Most of the anomalies ( + / -  20 msec) are due to 
disseminated sulphides in felsic volcanics. Within gabbroic 
bodies, moderate to strong chargeabi li ty anomalies (up to 50 msec) 
are due to the preseilce of disseminated ilmenite (Money et aB, 
1988). Mafic volcanics tend not to have anomalous I.P. responses. 

Resistivity is a useful tool in mapping major lithologic units. 
The Karmutsen gabbros, Cameron River cherts and little deformed 
northern mafic volcanics have particularly high resistivities 
(>2000 mhos), mafic, intermediate and deformed mafic volcanics are 
characterized by resistivities of 1000-2000 mhos and areas of thick 
overburden cover have resistivities less than 1000 mhos. 

GEOCHEMISTRY 

Introduction 

A total of 3564 rocks from the Chemainus JV have been analysed 
for major and selected trace elements. 2865 of these were sampled 
during the 1988 field season, the remaining 699 were salnpled in the 
period from 1984-1987. Two types of samples are included in this 
database. All samples taken prior to 1988 and 658 of those taken 
in 1988 are whole rock samples, taken from a particular spot on the 
outcrop to provide information on the geochemistry of a particular 
lithology. In contrast 5 5 4  alteration samples, all taken in 1988, 
were rock chips of a particulai- lithology, taken from various 
places on an outcrop or series of outcrops to provide information 
on the overall alteration of a particular unit or area. 



Nitinat Formation 

Nine samples of Nitinat Formation lithologies were analysed for 
major and trace elements. Most of these samples were collected 
from Shaw Creek (north shore of 1,ake Cowichan) and Panorama Ridge, 
along Highway 1 between Chemainus and Ladysmith. 

Of the nine analyses, all are basaltic (<53% Si02) in composition 
except for VA07131, which is andesitic (58% Si02) ( 2). Variable 
CaO (5-19%), MgO (5.5--11.5%) and Ni (25-130 ppm) at constant SiO2 
(45-50%) indicate clinopyroxene and olivine control. For example, 
the correlation of high CaO contents with high modal clinopyroxene 
can be explained by clinopyroxene accumniulation. Alkali contents 
are variable but tend to be high (eg.K20=.1-2.9%, Sr=260-790, 
Ba=55-1940); such high values being characteristic of calcalkalic 
to alkalic volcanics. Tlzi s calcalkalic to al-kalic nature is 
further confirmed by light-enriched rare earth element (REE) 
patterns ((La/Yb)N=5-10) which display moderate, negative, even 
slopes throughout the range from light to heavy REE's (Figure 6) . 
La ranges from 25 to 70x chondrites; Yb from 7 to 10x chondrites. 

There are no significant ELI anomalies. The high K20/Na20 ratios 
5 - 1 0 )  and low contents of high field strength elements (HFSE) 
(Ti02<1.0%, Zr<40 ppm) serve to further characterize the alkalic 
volcanics as belonging to the shoshonitic rock series, the 
characteristic alkalic series at convergent plate boundaries 
(Joplin, 1968). 

McLaughlin Ridge Formati on 

1088 rocks from the McLaughlin Ridge Formation were analysed for 
major and trace elements. Of these, 121 were analysed for REE's. 
Lithologies range in compositj.on from basalt to rhyolite. In an 
attempt to monitor geochemical variability , the McLaughlin Ridge 
Formation has been sudivided into 22 members (Mafic Member A-K, 
Intermediate Member A-C, Felsic Member A-H) (Figure 7). Each ~ 
member is a mappable entity that, although dominated by one 
composition, contains a range of magma compositions. For example, 
Felsic Member A is dominated by felsic volcani-cs but also contains 
significant mafic and int ern-iediate vol.canics . 

Rare Earth Elements 

(i)Mafic Members 

Mafic Members A and E (MM4,  MME) are characterized by moderate, 
even slopes with La levels uf 40-100x  chondrites and Yb levels of 
4 to 1.5~ chondrites (Figllres 8a d ,  10). These patterns are similar 
to those for Nitinat volcanics (Figure 6). Intensely carbonatized 

0 phyllites from Silver Creek have d j  stinctly different patterns, at 
lower absolute REE coi?tents, presumal3ly due to al-tera tion (Figure 
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813). Maf i c  Member B, on t h e  o t h e r  hand ,  i s  c h a r a c t e r i z e d  by 
f l a t t e r  s l o p e s  a t  g e n e r a l l y  lower l e v e l s  of IIEE's ( F i g u r e s  9 a - d ) .  
La v a r i e s  from 5  t o  50x c l l o n d r i t e s ;  Yb from 1 . 5  t o  15x  chondr i  t e s .  
Low REE c o n t e n t s  arid f l a t  p d l  t e r n s  c h a r a c t e r i  z e  h i g h  MgO-basalts  
(VA07067-11% MgO, VA07095.- 10 .5% MgO) ( F i g u r e  9 a )  . The h i g h  T i02  

b a s a l t  f rom MMG h a s  d f l a t  REE p a t t e r n  f rom La t o  Sin a t  20x 
c h o n d r i t e s  and a s h a l l o w ,  n e g a t i v e  s l o p e  from Eu t o  Yb ( F i g u r e  11). 
The r e l a t i v e l y  h i g h  T i02  and  l o w  CaO h a s a l t s  from MMII a r e  c h a r a c -  
t e r i z e d  by  f a i r l y  f l a t  t o  even  l i g h t  REE-depleted p a t t e r n s  ( F i g u r e  
1 2 ) .  

(ii I n t e r m e d i a t e  Members 

I n t e r m e d i a t e  v o l c a n i c s  of IMA and C e x h i b i t  n i o d e r a t e l y  i n c l i n e d  
p a t t e r n s  w i t h  even  s l o p e s  ( F i g u r e s  1 3 ,  1 4 ) .  La v a l u e s  r a n g e  from 
30 t o  80x c h o n d r i t e s ,  Yb f r o ~ n  5  t o  8 s  c h o n d r i t e s .  Weak t o  modera te  
p o s i t i v e  and n e g a t i v e  Eu a n o m a l i e s  a r e  e v i d e n t .  The s l o p e  o f  t h e  
REE p a t t e r n  i s  s t e e p e r  f o r  IMC t h a n  IMA. 

( iii) F e l s i c  Members. 

Most u n a l t e r e d  f e l s i c  v o l c a n i c s  have  m o d e r a t e l y  t o  s t e e p l y  
i n c l i n e d  REE p a t t e r n s  t h a t  e x h i b i t  f l a t t e n i n g  i n  t h e  heavy  REE's 
(Gd-Yb) ( F i g u r e s  15-17 . Sample VA07199, a  h o r n f e l  s e d  f e s i c  
v o l c a n i c  f rom Ch ip  2 ,  h a s  a marked ly  d i f f e r e n t  p a t t e r n ,  a t  h i g h e r  
REE c o n t e n t s  t h a n  a l l  o t h e r  f e l s i c  v o l c a n i c s  ( F i g l i r e  1 5 c ) .  T h i s  
s a m p l e  i s  c h a r a c t e r i z e d  by modera t e  s l o p e s  f rom La t o  Sm, a  v e r y  
pronounced  n e g a t i v e  REE p a t t e r n  and  f l a t  s l o p e  from Gd t o  Yb. 

High-Si02 f e l s i c  v o l c a n i c s  (VA07059, 07062,  07235,  11056:  76-91% 
S i 0 2 )  ( F i g u r e s  1 5 a ,  c ;  1 7 )  a r e  c h a r a c t e r i z e d  by l o w e r  REE c o n t e n t s  
and  f l a t t e r  s l o p e s  t h a n  u n a l t e r e d  f e l s i c  v o l c a n i c s .  

( i v j s e d i m e n t a r - y  Rocks 

REE's f rom j a s p e r  w i t h i n  MMA, on  C h i p  3  e x h i b i t  a  modera t e  even  
s l o p e  a t  low REE l e v e l s  ( L a = l O s ,  Yb=2x c h o n d r i t e s )  ( F i g u r e  1 8 )  . Ba- 
r i c h  s e d i m e n t s  from t h e  A n i t a  a r e a  a r e  c h a r a c t e r i z e d  by s t e e p l y  
i n c l i n e d  REE p a t t e r n s  ( F i g u r e  1 9 ) ,  s i m i l a r  t o  p a t t e r n s  of  f e l s i c  
v o l  c a n i  cs . 

H a r k e r  V a r i a t i o n  Diagrams 

( i)  Maf ic  Members 

Na20 c o n t e n t s  r a n g e  between 0  and  6% i n  m a f i c  v o l c a n i c s  o f  m a f i c  
members ( F i g u r e s  2 2 a - e l .  MMA, F, and  H c o n t a i n  a  s i g n i f i c a n t  
p r o p o r t i o n  o f  s amples  which e x h i b i t  v a r y i n g  d e g r e e s  of  Na20- 
d e p l e t i o n  ( F i g u r e s  22a ,  d l  e )  . Thi  s c o n t r a s t s  w i t h  t h o s e  members 
which e x h i b i t  l i t t l e  or no  N a 2 0 - d e p l e t i o n  ( e g .  MMB; F i g u r e  2 2 b ) .  
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The two i n t e n s e l y  c a r b o n a t i z e d  a n a l y s e s  from MMF e x h i h i  t s e v e r e  
Si02-  and Na20-depletion ( F i < j ~ t r e  2 2 d ) .  

K20 c o n t e n t s  a r e  v a r i d b l e  alnong t h e  Maf i c  Members wi th  most 
samples  c o n t a i n i n g  0-3% IC20 ( F i g u r e s  2 3 a - e ) .  MMH h a s  a  bimodal 
p o p u l a t i o n  wi th  most samples c o n t a i n i n g  0-1% K20, b u t  about  25% of 
a n a l y s e s  forming a  dist,inc-.t 1-)opulatiori a t  3-5% I;20 ( F i g u r e  2 3 e ) .  
A f u r t h e r  d i s t i n c t i o n  hetween MMA and B i s  e v i d e n t  i.n t h e  K20-Si02 
v a r - i a t i o n  diagrams ( F j g ~ ~ r e r ;  23a ,b) . MMA e x h i b i t s  a  range  of K30 
from 0-6%; most samples c o n t a i n  <3% K20. However, a l l  maf ic  
v o l c a i l i c s  i n  MMB con ta i i i  <3% K20. The 1:elativel.y h i g h  IC20 c o n t e n t s  
e x h i b i t e d  by many of t h e s e  v o l c a n i c s  i s  c o i i s i s t e n t  wi th  t h e i r  
h a v i n g  an a l k a l i c  af f i n i  t y .  

Ca0 c o n t e n t s  v a r y  from 0  t o  12 .5% w i t h  a t r e n d  of d e c r e a s i n g  CaO 
w i t h  i n c r e a s i n g  S i02  ( F i g u r e s  24a-e)  . The CaO- S i02  re la t io izs lz ip  
a g a i n  s e r v e s  t o  underscore  geochemical  d i - f f e r e n c e s  betweem MMA and 
M M B .  MMB c o n t a i n s  v e r y  few maf ic  c o m p o s i t i o n s  wi th  low Ca0 
c o n t e n t s ,  whi le  a  s i g n i f i c a n t  p r o p o r t i o n  of m a f i c  compos i t ions  i n  
MMA a r e  low i n  CaO ( F i g u r e s  2 4 a , h ) .  

A1203 c o n t e n t s  e x h i b i t  c o n s i d e r a b l e  s c a t t e r  i n  t h e  Maf i  c Members 
( F i g u r e s  25a-e l .  Most A1203 c o n t e n t s  v a r y  between 1 5  and 20%, 
however MMB c o n t a i n s  a  s i g n i f i c a n t  p r o p o r t i o n  of samples w i t h  
r e l a t i v e l y  low (<I5961 A1203 ( F i g u r e  2513) . A1203 d e c r e a s e s  w i t h  
i n c r e a s i n g  S i02 .  

Fe203 c o n t e n t s  r ange  ilp t o  15% i n  a l l  Mafic Members excep t  MME 
( F i g u r e s  26a-el .  Fe203 d e c r e a s e s  w i t h  i n c r e a s i n g  S i02 ,  w i t h  no 
e v i d e n c e  f o r  an  e a r l y  i r o n  enr ichment  ( t h o l e i - i t i c )  t r e n d .  

MgO e x h i b i t s  a  marked d e c r e a s e  w i t h  i n c r e a s i n g  S i02  i n  a l l  Mafic 
Members, c o n s i s t e n t  wi th  f r a c t i o n a t i o n  of o l i v i n e  and 
c l i n o p y r o x e n e .  MgO c o n t e n t s  of m a f i c  v o l c a n i c s  r a n g e  from 1-12.5%; 
v a l u e s  >8% occur  i n  MMA, B, and R ( F i g u r e s  27a-e) . 

T i02  c o n t e n t s  i n  maf ic  compost ions  of t h e  Mafic Members r a n g e  
from 0.5-2.5%; most a r e  <1% ( F i g u r e s  28a-e l .  Mafi.c Members A, B ,  
G ,  and H c o n t a i n  samples w i t h  >1% Ti02 ( F i g u r e s  2 8 a , b , d , e ) .  
Ana lyses  d e f i n e  l i n e a r  t r e n d s  of  d e c r e a s i n g  Ti02 wi th  i n c r e a s i n g  
S i 0 2 .  The s l o p e s  of t h e s e  t r e n d s  becomes more sha l low below 1% 
Ti02 .  

P205 c o n t e n t s  r ange  from 0.05-0.7% ( F i g u r e s  29a-e) ; most samples  
c o n t a i n  <0.5% P205. 

( i i 1 I n t e r m e d i a t e  Members 

Harker  v a r i a t i o n  d iagrams f o r  I n t e r m e d i a t e  Members a r e  shown i n  
F i g u r e s  30-37. The most notewor thy f e a t u r e s  of t h e s e  diagrams a r e :  
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(a)IMC e x h i b i t s  two popula t ions  based on Na20 c o n t e n t s .  Most 
samples con ta in  >2.3% Na20, however s e v e r a l  samples c o n t a i n  < 2 %  
Na20 (F igure  30b) .  These low-Na20 samples a r e  most l i k e l y  a l t e r e d .  

(b)Most samples con ta in  < 2 %  CaO (F igu res  3 2 a , b ) .  This  may be 
i n d i c a t i v e  of CaO-depletion through a l t e r a t i o n .  

(cITiO2 e x h i b i t s  an e x c e l l e n t  nega t ive  c o r r e l a t i o n  wi th  Si02 
( F i g u r e s  3 6 a , b ) .  

( i i i ) F e l s i c  Mernbers 

Harker v a r i a t i o n  diagrams of F e l s i c  Members a r e  p resen ted  i n  
F igu res  38-45. The most noteworthy f e a t u r e s  of t h e s e  diagrams a r e :  

(a )The  Na20 con ten t s  of F e l s i c  Meinbers B ,  C ,  and E a r e  predomin- 
a t e l y  > 2 % ,  i n d i c a t i n g  few of t h e  samples of t h e s e  members have been 
a l t e r e d  through Na20-clepleti-on (F igu res  38b, c ,  e )  . On t h e  o t h e r  
hand, Member H i s  dominated by samples with ( 2 %  Na20, c o n s i s t e n t  
wi th  ex t ens ive  Na20 deplel  i o n  (Figllre 38g) . F e l s i c  Members A ,  D ,  
F ,  G have a  wide range of Na20 c o n t e n t s  (0-6.8%) ; a  s i g n i f i c a n t  
proporti.011 of t hese  members c o n t a i n  <2% Na20 and most l i k e l y  have 
been a l t e r e d  (Figure  38a, d l  f ) . 

( b )  W i  tl.1 the  except ion o f  F'MI-I (2.7-4.2% K20) , F e l s i c  Members 
c o n t a i n  a  wide range of K20 (0.2-696) (F igu re  39a-g) . 

( c )  The extreme CaO depl e t i o n  of FMII c o n t r a s t s  markedly wi th  
v a r i a b l e  CaO c o n t e n t s  of o t h e r  F e l s i c  Members (F ig l l~-es  40a-g) . Note 
a l s o  t h a t  FMA con ta ins  a l  a rye  p rop ( -~ r t i on  of samples wi th  low CaO 
c o n t e n t s  (F igure  4 0 a ) .  

(d1A1203, Fe203 ant1 MgO dec rease  wi th  i n c r e a s i n g  Si02 i n  a l l  
F e l s i c  Members (F igures  43 a - g ,  42a-g, 43a-g) . The decrease  i n  A1203 
i s  c o n s i s t e n t  with plagi-ocl a s e  f r a c t i - o n a t  ion ,  t h e  decrease  i n  Fe203 
wi th  magnet i te  f r a c t i o n a t i o n ,  and t h e  dec rease  i n  MgO with 
f r a c t i o n a t i o n  of pyroxene. 

( e )  A l l  F e l s i c  Members e x h i b i t  dec reas ing  Ti02 with  i n c r e a s i n g  
Si02.  However t h e  s lope  of t h e s e  t r e n d s  i s  v a r i a b l e  among t h e  
members wi th  F e l s i c  Meml~ei-s E ,  G ,  and I1 having f l a t t e r  s l o p e s  than 
F e l s i c  Members A, B ,  C ,  I ,  and F  (F igu res  44a-g) . 

( f )  Analogous t o  Ti02 hel'lavi o l ~ r ,  P205 t r e n d s  a r e  f l a t t e r  f o r  
F e l s i c  Members E ,  H ,  and G ,  than f o r  F e l s i c  Members B ,  C ,  F ,  and 
I (F igu res  45a-g).  

( iv )Sedimentary  Rocks 

EIarker v a r i a t i o n  diagrams f o r  McIdalighlin Ridge sediments a r e  

Ca presen ted  i n  F igures  54-61. The most noteworthy f e a t u r e s  of t h e s e  
diagrams a r e :  



( a ) T h e  d e c r e a s e  i n  A1203, Fe203,  MgO, and  T i 0 2  w i t h  i n c r e a s i n g  
S i 0 2  s l l g g e s t s  t h a t  t h e s e  setli i nients c o n t a i n  a s i g n i - f i  c a n t  coinporlent 
d e r i v e d  from McLaughlin Ridge  vol can i - c s  . 

( b ) T h e  s e d i m e n t s  a r e  composed o f  a  wide r a n g e  o f  c o m p o s i t i o n s .  
T h i s  i s  e v i d e n t  i n  S i02  c o n t e n t s  which r a n g e  from <50% t o  96%. The 
h i g h  S i 0 2  c o n t e n t s  a r e  d s s o c i a l . e d  w i t h  c h e r t s ,  S i 0 2  c o n t e n t s  
be t~ l reen  50 and 70% c h a r a c t e r i z e  wackes and p e l i t e s  d e r i v e d  from 
maf i c  t o  i n t e r m e d i a t e  Mc1,aughlin Ridge  v o l c a n i c s .  

M i s c e l l a n e o u s  Vari  a t  i o n  Diagrams 

Ba v s .  Na20 and Ra v s .  CaO v a r i a t i o n  d i a g r a m s  a r e  p r e s e n t e d  i.n 
F i g u r e s  62-67. The most n o t e w o r t h y  f e a t u r e s  o f  t h e s e  d i ag rams  a r e :  

( a )  The h i g h e s t  Ba cr3nt:ent.s of Maf ic  Members a r e  i n  s amples  
wl~icl?  h a v e  low Na20 c o n t e ~ l t s  ( F i g u r e s  6 2 a - e )  ; w i t h  o n l y  a  few 
e x c e p t i o n s  Ba c o n t e n t s  >2000 ppkn a r e  a s s o c i a t e d  w i t h  Na20 c o n t e n t s  
<l%. However, saml>les w i t h  lot4 Na20 c o i l t e n t s  d o  n o t  n e c e s s a r i l y  
c o n t a i n  e l e v a t e d  Ba v a l u e s .  M a f i c  Member E i s  t h e  o n l y  member t h a t  
i s  c o n s i s t e n t  i.n hav ing  11igl1 Ba a t  l o w  Na20 ( F i g u r e  6 2 d ) .  S i n ~ i l a r -  
l y ,  Ba c o n t e n t s ,  w h i l e  h i g h e s t  i.n t h o s e  s a m p l e s  w i t 1 1  ( 1 . 5 %  CaO, may 
a l s o  b e  q u i t e  low i n  low Ca0 s a m p l e s  ( F i g u r e s  6 3 a - e ) .  

( b ) B a  c o n t e n t s  o f  I n t e r m e d i a t e  Members e x c e e d  2000 ppm o n l y  i n  
I M C  ( F i g u r e s  64 ,  6 5 ) .  A l l  Ba c o n t e i i t s  >2000 ppnl a r e  a l s o  low i n  
Na20 and  CaO ( F i g u r e s  6 4 h ,  65b). 

( c )  W i  t h i n  F e l s i c  Members, Ba c o n t e n t s  a r e  h i g h e s t  i n  t h o s e  
s a m p l e s  w i t h  l o w  Na20 ( F i g i l r e s  GGa-y) .  Ba c o n t e n t s  exceed  2000 ppm 
i n  F e l s i c  Members A ,  R ,  E ,  F ,  C;, and H .  Oiily i n  MMB d o  lligl? Ba 
c o n t e n t s  o c c u r  i n  r o c k s  w i  t li  ,2% Na20 ( F i g u r e  6 6 h ) .  Ba c o n t e n t s  a r e  
h i g h e s t  i n  r o c k s  w i t h  l o w  Ca0 c o n t e n t s  ( F i g u r e s  66a-g) . 

Cameron R i v e r  Format ion  

One sample  o f  c h e r t  f rom t h e  Cameron R i v e r  Frn was a n a l y s e d  f o r  
I 

R E E ' s .  T h i s  sample  h a s  a  m o d e r a t e l y  s t e e p  p a t t e r n  f rom La t o  Gd and 
I 

a  f l a t  p a t t e r n  from Gd t o  Yb ( F i g u r e  20)  . H a r k e r  v a r i a t i o n  d i ag rams  
f o r  t h e  Cameron R i v e r  s e d i m e n t s  a r e  shown i n  F i g u r e s  46-53. 

Karmutsen Forma t ion  

Karmutsen g a b b r o s  have  s l i g h t l y  l i g h t  REG-enriched p a t t e r n s  w i t h  
La=20-120x and  Yb=10-30x c l ~ o n d r i t e s  ( F i g u r e s  2 1 a ,  b )  . One sample  
(VA00565) h a s  a  n e g a t i v e  ELI anomaly ( F i g u r e  21a )  . 

H a r k e r  v a r i a t i o n  d i a g r a m s  f o r  Karmutsen i n t r u s i v e  r o c k s  a r e  
p r e s e n t e d  i n  F i g u r e s  68-75. Whi le  most s a m p l e s  c o n t a i n  <55% S i 0 2 ,  

0 s e v e r a l  a r e  i n t e r m e d i a t e  i n  c o m p o s i t i o n ,  c o n t a i n i n g  55-65% S i 0 2 .  
Na20 and CaO c o n t e n t s  a r e  v a r i a b l e  (0-5% Na20, 1-14% CaO). Of 



23 

p a r t i c u l a r  n o t e  i s  t h e  t h o l e i i t i c  ( i r o n  en r i c l imen t )  t r e n d  e x h i b i t e d  
by  Fe203 and T i 0 2 .  These  e l e m e n t s  i n i t i a l l y  i n c r e a s e  w i t h  d e c r e a s -  
i n g  S i 0 2 ,  p a s s  t h r o u g h  maximum v a l u e s  of  20% and  3%,  r e s p e c t i v e l y ,  
and t h e r e a f t e r  d e c l i n e  w i t h  i n c r e a s i n g  S i 0 2  ( F i g u r e s  7 2 ,  7 4 ) .  The 
change  from i n c r e a s i n g  t o  d e c r e a s i n g  Fe203 and  T i 0 2  w i t h  S i 0 2  marks 
t h e  a p p e a r a n c e  o f  t i t  anomagneti. t e  a s  a  f r a c t i o n a t i n g  m i n e r a l  
( e g . G i l 1 ,  1 9 8 1 ) .  

L a r a ,  M t .  S i c k e r ,  B u t t l e  Lake 

S e v e r a l  s amples  o f  v o l c a n i c s  a s s o c i a t e d  w i t h  s u l p h i d e  o c c u r r e n -  
ces i n  t h e  Cowichan Lake-Horne L,alre ( L a r a ,  M t  . S i c k e r )  and B u t t l e  
Lake U p l i f t s  were a n a l y s e d  f o r  REE's.  I n  a d d i t i o n ,  o n e  sample  f rom 
t h e  S a l t s p r i n g  I n t r u s i o n  i s  i n c l u d e d  i n  t h i s  d a t a  ( F i g u r e s  76 -79 ) .  
The most no tewor thy  f e a t u r e s  of  t h e s e  d i a g r a m s  a r e :  

( a ) T h e  REE p a t t e r n  of  t h e  S a l t s p r i n g  i n t r u s i o n  i s  i d e n t i c a l  t o -  
t h a t  o f  one  s u r f a c e  f o o t w a l l  sample  f rom t h e  L a r a  d e p o s i t  ( F i g u r e s  
7 6 ,  7 8 b ) .  Both p a t t e r n s  a r e  c h a r a c t e r i z e d  by  a  marked n e g a t i v e  Eu 
anomaly and  a  f l a t t e n i n g  o f  s l o p e  i n  t h e  heavy  R E E ' s .  

(h) C h l o r i t i c  rnaf i c  vol  c a n i c s  f rom M t .  S i c k e r  have  s i m i l - a r  REE 
p a t t e r n s  t o  c h l o r i t i z e d  maf i c :  v o l c a n i c s  i l l  MMH a t  t h e  Sha ron  
Showing ( F i g u r e s  1 2 ,  77b)  . 

( c )  Samples  from t l ie  f ( r ,o twal l  a l t e r a t i o n  zone  b e n e a t h  t h e  H-W 
o r e b o d y  a t  B u t t l e  Lake have  d i s t i i ~ c t i v e  REE p a t t e r n s  t h a t  a r e  
c h a r a c t e r i z e d  by f l a t  s l o p e s  i n  t h e  l i g h t  REE's ,  s t e e p  s l o p e s  i n  
t h e  m i d d l e  REE '  s (Sm--Dy) aiid f l a t  s l o p e s  i n  t l i e  heavy  REE' s ( F i g u r e  

(d ) I I ang ingwa l l  111 t  r a m a f i c  \ r o l c a n i c s  a t  t h e  Lynx d e p o s i t  ( " G -  
f l o w "  o f  J u r a s ,  1987)  have   noder rate s l o p e s  w i t h  v a r i a b l e  n e g a t i v e  
t o  p o s i t i v e  Eu a n o m a l i e s  ( F i g l i r e  7 9 C ) .  

(e l  The REE p a t  t e r n  f  c ) r  F1-ice Format,ioil v o l c a i i i c s  i s  i n d i s t i n -  
g u i s h a b l e  froin REE p a t t e r n s  of  b a s a l t s  f rom the N i t i n a t  Fo rma t ion  
and some o f  t h e  McLaughl i~ i  Ridge  Maf i.c Elembers ( F i g u r e  79e  : 
VA07148, Fig i l r e s  6 ,  8 ) .  

( f  )REE p a t t e r n s  f o r  f e l s i c  v o l c a n i c s  a t  Butztle L,ake, L a r a ,  M t .  
S i c k e r  and t h e  Chemai nus  J V  e x h i b i t  11ia~ked s i l n i  1 a r i  t i  e s .  

Summary 

S e v e r a l  f e a t u r e s  o f  t h e  c_jeochemi s t r y  o f  t h e  McLaughl i n  Ridge  
F o r m a t i o n  011 t h e  Chemain~is  J V  s l iou ld  h e  n o t e d .  

( a )T l i e  marked s i n i i l a r i l - y  o f  REE p a t t e r n s  o f  ~ r ~ a f i c  v o l c a n i c s  o f  
t h e  P r i c e ,  N i t i n a t  and McLaughlin Ridge  For ina t ions  s u g g e s t s  a 
g e n e t i c  l i n k  among t h e  t h r e e .  

- 
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0 
(b)Some o f  t h e  maf i c  members o f  t h e  McLaughlin Ridge Format ion  

a r e  g e o c h e m i c a l l y  d i s t i n c t .  MMH b a s a l  ts have  h i g h  T i 0 2 ,  low CaO and 
f l a t  REE p a t t e r n s .  MMB and D c o n t a i n  v e r y  few samples  w i t h  Na20<2%, 
s u g g e s t i n g  t h a t  t h e s e  members may have  e s c a p e d  widesp read  hydro the -  
rmal  a l t e r a t i o n .  Ultraniaf i c  c o m p o s i t i o n s  (Mg0>10%) o c c u r  i n  MMA, 
B and H .  

(c)FMB and E c o n t a i n  v e r y  few Na20-deple ted  s a m p l e s ,  t h a t  i s ,  
t h e s e  members a p p e a r s  t o  have  e s c a p e d  widesp read  Na20- d e p l e t i o n .  
On t h e  o t h e r  hand FMA and H c o n t a i n  a h i g h  p r o p o r t i o n  of  low-Na20 
s a m p l e s ,  i n d i c a t i n g  t h a t  t h e s e  members have  e x p e r i e n c e d  widesp read  
Na20-dep le t ion .  Both MMA and B a r e  a l s o  c h a r a c t e r i z e d  by low CaO 
c o n t e n t s .  Note t h a t  MME a n d ,  t o  a l e s s e r  e x t e n t  MMB a l s o  c o n t a i n  
low-CaO s a m p l e s ,  i.ndi c a t i n g  a1 t e r a t i o n  o f  t h e s e  members by CaO- 
d e p l e t i o n  o n l y .  

( d ) B a  c o n t e n t s ,  i n  m a f i c  ~nembers ,  a r e  g e n e r a l l y  <2000 ppm w i t h  
a few samples  from MIIA, R ,  E l  and H c o i ? t a i n i n g  >2000 ~ p n l  Ba. 
Severa l .  s amples  froin I M C  c o n t a i n  >3000 ppin Ba. Wi th in  F e l s i c  
Members, Ba exceeds  2000 ppin i n  FMA, B, E, F ,  G I  and H .  V i r t u a l l y  
a l l  s a m p l e s  w i t h  >2000 pym Ra a r e  d e p l e t e d  i n  Na20. 

STRUCTURAL GEOLOGY 

0 Bedding 

Bedding a t t i t u d e s  a r e  no t  I~riown wi t:h any c e r t a i n t y  o v e r  most o f  
t h e  C l~e ina i i~us  J V .  T h i s  l ias imposed s e v e r e  c o i ~ s t r a i n t s  011 t h e  
i n t e r p r e t a t i o i ?  of  s tr-ur:t-111-e arid v o l c a n i  c s t r a t i g r a p h y  on t h e  
p r o p e r t y .  Where o b s e r v e d ,  most bedd i  izg t r e n d s  t \ res tnorthwes t w i  t l ?  
modera t e  t o  s t e e p  d i p s  (Fig111-es 8 0 ,  8 1 )  . However t h e r e  a r e  numerous 
1 o c a t i o n s  where s h a l l o w l  y d i  ppirtg Irsedding was o b s e r v e d  o r  i n f e r r e d .  ~ 
While  most o f  t h e  o b s e r \ r a t i o n s  a r e  fro111 t h e  edges  o f  t h e  b e l t ,  
t h e r e  i s  no r e a s o n  n o t  t o  e x p e c t  s i m i l a r  a t t i t u d e s  t o  b e  p r e s e n t  ~ 

I 
w i t h i n  t h e  c o r e  o f  t h e  b e l t .  One i n t e r p r e t a t i o n  o f  t h e s e  v a r i a b l e  
a t t i t u d e s  would i n v o l v e  t h e  o \ : e r a l l  s t r ~ ~ c t u ~ e  of  t h e  b e l t  b e i n g  
c o n t r o l l e d  by a l o w  ainpl i I tide open a n t  icl. i n e  ( h e n c e  s l ~ a l l o w  
b e d d i n g )  r\ritl? t h e  s t e e p e r  b e d d i n g  a t t i t u d e s  c a u s e d  by h i g h e r  
f r e q u e n c y ,  t i g h t  ( p a r a s i  t  i c ? )  f o l d i n g  ( F i g u r e  8 2 )  . 

Bedding a t t i t u d e s  a1.e spar -se ;  t h o s e  t l ~ a l ;  wsi-e n o t e d  a r e g e n e r a l l y  
c o n f i n e d  t o  t h e  margins  o f  the? p r o p e r t y .  R e l i a b l e  f a c i n g  d i r e c t i o r ~  
d e t e r m i n a t i o n s  a r e  even seal-cer. Along t h e  s o u t h  margin  o f  t h e  
McLaughlin Ridge Format i o n ,  111af i c - :  t u f f s  iminedia t e l y  s o u t h  o f  t h e  
A n i t a  m i n e r a l i z e d  zone d i p  s t e e p l y  and f a c e  s o u t h .  Nor th  of  Chip  
1 ,  i na f i c  arid i n t e r m e d i  a t - e  v o l c a n i  cs o f  t h e  McTJaughlin Ridge 
Forma t ion  f a c e  n o r t h ;  t h e  o v e r l y i . n g  i n t . e r i r ~ e d i a t e  v o l c a i ~ i c s  d i p  
s h a l l o w l y  t o  t h e  n o r t h .  On Ch ip  3 ,  we l l - exposed  Cameron R i v e r  
c h e r t s  e x h i b i t  well deve loped  open  t o  t i g h t  f o l d i n g  a t  t h e  o u t c r o p  
s c a l e .  S i m i l a r  s c a l e  and s t y l e  o f  f o l d i n g  occ.urs i n  Cameron R i v e r  

0 c h e r t s  i n  s m a l l  q u a r r i e s  a l o n g  t h e  n o r t h  margin  o f  t h e  McLaughlin 
Ridge  F o r m a t i o n ,  i n  t h e  n o r t h e a s t  c o r n e r  o f  C h i p  4 .  S h a l l o w l y  
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d i p p i n g  bedd ing  was o b s e r v e d  i l l  i n t e r m e d i a t e  v o l c a n i c s  a t  t h e  
h a i r p i n  t u r n  a t  t h e  n o r t h e a s t  c o r n e r  o f  Ch ip  3 .  F a c i n g  d i r e c t i o n s  
a t  t h i s  l o c a t i o n  i n d i c a t e  an  u p r i g h t *  s u c c e s s i o n  t h a t  i s  exposed i n  
t h e  core o f  an  open s y n c l i n e ,  t h e  a x i s  o f  which p l u n g e s  s h a l l o w l y  
t o  t h e  w e s t n o r t h w e s t .  S h a l l o w l y  d i p p i n g  Cameron R i v e r  c h e r t s  a r e  
w e l l  exposed  a t  M t .  B r e n t o n ,  n o r t h  o f  t h e  Ho lyoak-Bren tc l a ims .  
S h a l l o w l y  d i p p i n g  bedd ing  was a l s o  e n c o u n t e r e d  i n  d r i l l  c o r e  n e a r  
t h e  Sha ron  Showing on B r e n t  1 ,  where s t e e p l y  d i p p i n g  s c h i s t o s i t y  
i s  a t  n e a r  r i g h t  a n g l e s  t o  b e d d i n g  i n  maf i c  t u f f s .  O t h e r  i n d i r e c t  
i n d i c a t i o n s  t h a t  bedd ing  i s ,  a t  l e a s t  i n  p a r t ,  s h a l l o w l y  d i p p i n g  
i n c l u d e  o u t c r o p  p a t t e r n s  i n  t h e  Holyoak-Brent  c l a i m s ,  t h e  d i s p e r s a l  
o f  l i n e a r  g e o p h y s i c a l  t r e n d s  i n  t h e  S i l v e r  Creek  a r e a ,  and  
i n t e r p r e t a t i o n s  of  g e o l o g y  be tween  d r i l l  h o l e s  a t  S i l v e r  Creek .  
S t e r e o n e t s  of  bedd ing  a t t i t u d e s  a r e  p r e s e n t e d  i n  F i g u r e s  80 and 81.  
The s h a l l o w  d i p p i n g  a t t i t u d e s  f rom t h e  B r e n t  c l a i m s  a r e  f rom 
Cameron R i v e r  s e d i m e n t s  i n  t h e  v i c i n i t y  o f  M t .  B r e n t o n .  

F o l i a t i o n s  

V i r t u a l l y  a l l  1 i t h o l . o g i e s  o f  t h e  McLanghlin Ridge  Forma t ion  have  
a  w e l l  d eve loped  p l a n a r  p e n e t r a t i v e  f a b r i c .  The i n t e n s i t y  o f  f a b r i c  
deve lopmen t  i.s l e s s  i n  Cameron R i v e r  s e d i m e n t s  t h a n  i n  n e i g h b o u r i n g  
McLaughl in  Ridge l i t h o l o g i e s .  T h i s  may b e  d u e  t o  one  o r  b o t h  o f  a  
s h o r t e r  d e f o r m a t i o n a l  h i  s t o r y  f o r  t h e  yollnger Cameron R i v e r  

0 F o r m a t i o n ,  o r  d i f f e r e n t  r e s p o n s e  t o  stress d u e  t o  d i f f e r e n t  r o c k  
c o m p e t e n c i e s .  For  example ,  s t r a i n  w i t h i n  t h e  Cameron R i v e r  c h e r t s  
a p p e a r s  t o  be  c h i e f l y  b r i t t l e ,  which c o n t r a s t s  markedly  w i t h  t h e  
d u c t i l e  d e f o r m a t i o n  o f  McLaughl in  Ridge  v o l c a n i c s .  S t r a i n  w i t h i n  
t h e  Karmutsen g a h h r o s  and d i o r i t e s  i s  m a n i f e s t  a s  d i s c r e t e  z o n e s  
o f  s h e a r i n g  a n d / o r  my1 oili t i  z a t i o n .  These  h i g h  s t r a i n  zones  a r e  
g e n e r a l l y  <1 m e t r e  wide and a r e  o r i e n t e d  p a r a l l e l  t o  t h e  s c h i s -  
t o s i t y  i.n t h e  n e i  y h b o u r i n g  v o l  c a n i  cs . Marly o f  t h e s e  s h e a r  z o n e s  
c o n t a i n  d i s c o n t i n u c ) u s  q11al-tz + / -  c a l c i t e  + / -  p y r i t e  + / -  c h a l -  
c o p y r i  t e  v e i n s .  Def o rn i a t ion  w i  t h i n  t h e  Nanaimo Group s e d i m e n t s  i s  
r e s t r i c t e d  t o  l o c a l  s h e a r  z o i ~ e s  a s s o c i a t e d  w i t h  t h e  F u l f o r d  F a u l t  
and i t s  s p l a y s .  

The dominant  wes t -no r thwes t  t r e n d i n g ,  s t e e p l y  d i p p i n g  f o l i a t i o n  
( F i g u r e s  8 3 ,  84)  i s  v a r i a b l y  d e v e l o p e d  and d e f i n e d  by  t h e  p l a n a r  
a l i g n m e n t  of  p l a t e y  i ~ i i n e r a l . ~ ,  princ!i p a l  1.y s h e e t  si.1 i c a t e s  (mu- 
s c o v i  t e ,  s e r i c i t e ,  c h l o r i t e )  . T h i s  f a b r i c  i s  t h e  e a r l . i e s t  
p r e s e r v e d  f o l  i a  t i  on i n  t h e  McIlcll~glll i n Ridge Forina t i  on. F a b r i c  
deve lopmen t  i s  p a r t i c u l a r l y  i n t e n s e  wit-l i in s e r i c i t i z e d  f e l s i c  
v o l . c a ~ i i c s  and c a r b o n a t  i zed  ~na f  i c vo1 c a n i  cis. Hemati t i z e d  niaf i c 
v o l c a n i c s  a l s o  t e n d  t o  h e  s c h i s t o s e ,  w h i l e  l e s s  a l t e r e d  rnaf ic  
v o l . c a i ~ i c s  al-ong t h e  n o r t h e r n  p a r t  o f  t h e  p r t s p e r t : ~  from Ch ip  1 t o  
C h i p  2 and  i n t e r m e d i a t - e  v n l c a n i c s  i n  t h e  n o r t h e a s t  p a r t  of  Ch ip  3  
a r e  o n l y  weakly f o l i a t e d .  

A I  a t e r ,  l o c a l l y  \$el1 d e v e l o p e d ,  s p a c e d  (-.renu1 a t i o n  c l e a v a g e  is 

0 p r e s e n t  t l?roughout  t , l~e  p r o p e r t y .  Tlli s i s  a s t e e p l y  d i p p i n g  r o c k  
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c leavage  t h a t  t r e n d s  a t  about 080 degrees  and has a  s i n i s t r a l  sense  
of movement (F igures  85, 8 6 ) .  Cleavage spac ing  i s  0.5-1 cm. 

L inea t ions  

Three types  of l i n e a t i o n s  have been noted on t h e  proper ty .  
I n t e r s e c t i o n  l i n e a t i o n s  a r e  those  l i n e a t i o n s  formed a s  t h e  r e s u l t  
of t h e  i n t e r s e c t i o n  of two p l ana r  f e a t u r e s .  The most common a r e  
s t e e p l y  plunging i n t e r s e c t i  oils of t h e  two wel l  developed f o l i a -  
t i o n s .  Where bedding i s observed bedding/cleavage i n t e r s e c t i o n s  
p a r a l l e l  f o l d  axes ,  i f  c leavage  i s  a x i a l  p l ana r  t o  f o l d i n g .  
Shallowly plunging i n t e r s e c t i o n  l i n e a t i o n s  were observed i n  mafic 
v o l c a n i c s  i n  t h e  Sharon a rea  and i n  i n t e rmed ia t e  vo lcan ic s  a t  t h e  
h a i r p i n  curve on Chip 3 .  A second type  of l i n e a r  f e a t u r e  a r e  f o l d  
axes  a s s o c i a t e d  with small s c a l e  f o l d s .  Most of t h e s e  a r e  kink 
bands wi th  s t e e p l y  plunging f o l d  axes .  The t h i r d  and inost common 
type  of l i n e a t i o n  a r e  due t-o t h e  p r e f e r r e d  o r i e n t a t i o n  of e longa te  
phenocrysts  ( q u a r t z ,  u r a l i  t i  zed c l inopyroxene)  o r  s t r e t c h e d  c l a s t s .  
These l i n e a t i o n s  r e p r e s e n t  t h e  d i r e c t i o n  of t e c t o n i c  t r a n s p o r t .  
A l l  l i n e a t i o n s  of t h i s  type  have shal low p l ~ l n g e s  ( < 2 0  degrees )  ; 
mainly t o  t h e  west i n  the  west p a r t  of t h e  p rope r ty  and t o  t h e  e a s t  
i n  t h e  e a s t  p a r t  of the  p rope r ty  ( F i g u r e s  87,  8 8 ) .  Th is  p a t t e r n  of 

0 s t r e t c h  l i n e a t i o i l  t r e n d s ,  combined with  s t r a t a g r a p h i c  r e l a t i o n -  
s h i p s ,  i n d i c a t e s  t h a t  t h e  (':owichan-IIorne IJalte u p l i f t  has  been 
f 01 ded i n t o  a  broad,  do11131 y 131 unging an t : i c l ine .  This  hroad f  o l d i i ~ g  
event  has folded the  s t r e t c h  l i  nea t ionsand  t h e r e f o r e  pos tda t e s  
t h e i r  formation. 

Shear Z,ones and F a u l t s  

High s t r a i n  zones have l>eei? documented i n  v i r t u a l l y  a l l  
l i t h o l o g i c  u n i t s  on the  prope~- t y .  The s o l e  except ion  appears  t o  be 
t h e  Cameron River sediinents. Tliis illay r e f l e c t  t he  d i f f e r e n c e  i n  
beliavi our  t o  induced s t r e s s  01" a coilt,ract ed deforma t icrnal  h i s  t o r y  
f o r  t h e  Calneron River Format i o n .  High s t r a i n  zones i n  vo lcan ic s  
occur  a s  1-50 metre wide, wes t--northwest t re i ld ing,  s t e e p l y  d ipp ing ,  
zones of i n t e n s e  schi  st c)s i I y , most common i n  s e r i c i t i z e d  f e l s i c  
v o 1 c a n i . c ~  and carbonati.zed maf i c  v o l c a n i c s .  Some of t h e s e  d u c t i l e  
s h e a r  zones have coi  nc:i deut VIIF  ariolnal i  e s  . Fau l t  gouge has  been 
encountered i n  s e v e r a l  l o c a t i  011s i l l  d r i l l  core  and newly excavated 
t r e n c h e s .  Z,ories of gollge dl-e '1 0-1 00 cm wide and composed of l i g h t  
g rey  c l a y  w i  tl1 varying anqlil a r  l i t  l iologic c l a s t s  . The Ful ford  
F a u l t ,  a s  encountered i l l  d r i l l  c o r e ,  has  a  wel l  developed as-  
s o c i a t e d  gouge zone. 

La te  b r i t t l e  f au1t.r; al~olrncl.  These have v a r i a b l e  a t t i t u d e s  with 
t r e n d s  ranging from para1 1 e'l t c )  pe rpendicu la r  t o  F1 f o l i a t i o n .  Dips 
a r e  l i kewise  v a r i a b l e  I I a l  t o  v e r t i c a l .  B r i t t l e  f a u l t s ,  
p a r a l l e l  t o  F1 f o l i a t i o n  have caused ab rup t  thiizni ncj and t h i  ckeiling 
of a r g i l l  i t e s  on IIolyoalr 3 .  S11cl1 fa111 t s  may be r e spons ib l e  f o r  
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considerable thinning or thicfening of stratigraphy. Unfortunately, 
they are hard to docll~nerit-, particularly with the generally poor 
exposures which prevail over most of the property. Cross cutting 
late brittle faults are ubiquitous. However, displacements across 
these features appear to 13e gei?eral.ly quite millor. 

Small-Scale Brittle Features 

Small-scale brittle deformational features are ubiquitous 
throughout the property. Three types are recognized: brittle 
faults, kink bands and shear fractures. 

Brittle faults occur as hairline fractures of variable orienta- 
tion and attitude. Offsets across those faults which are at high 
angles to schistosity are minor. Offsets across those faults that 
parallel schistosity are unknown, but may be important in causing 
along strike thinning and thickening of units. This appears to be 
the case on Holyoak 3 where siliceous argillites thin and thicken 
along strike between trenches. 

Kink bands are locally well developed on the property. They are 
particularly well developed in a discrete 10-50 metre wide linear 
zone near the west end of the property from 21W to 31W at about 8N. 
In many cases conjugate kink bands have developed. These kinks 
generally have steep plunges. With axial planes trending at about 
000 and 050 degrees, the principal stress (sigma one) was directed 
at about 115 degrees. 

Shear fractures are similarly locally well developed on the 
property. Conjugate shear fractures have steep dips and trend at 
000 (dextral) and 050 (sinistral), having developed under a stress 
field with the maximum compressive stress oriented at 025 degrees. 
In general where only one shear fracture is present, it tends to 
be sinistral and oriented at 050 degrees. 

Folding 

Facing directions along the northern and southern margins of the 
McLaughlin Ridge Formation and the gross stratigraphic relationship 
whereby the Cameron R i  vel- For\nla t- i oil over'l i es t.he McT,allghlin Ridge 
Formation, are consistent wi th the interpretation that the overall 
structure of the property is dominated by a ~~ialjor west-northwest 
trending anticline. The identification and interpretation of 
shallowly dipping becltling ~i~gge:;t that this anticline may be a 
fairly open structure. P l i  11el d l  and stretch lineations and cleavage- 
/bedding intersecti oris inti i (:ate a shallowly plunging fold axis. 
West-plunging stretch lineations in the west part of the property 
and east-plunging stretch lineations in the east part of the 

6, property indicate that this major anticline has been itself folded 
into a broad doubly plunginq st-,rilcture. 

-- ---- 



Lit1101 o g i e s  w i  t h i n  t h e  Clie~nai n u s  J V  have  ~ l r ~ d e r g o i ~ e  d p1.o t rac ted  
h i s t o r y  o f  d e f o r m a t i o n .  The e a r l i e s t  d e f o r n ~ a t ~ i o n ,  wlzicll i s  n o t  
e v i d e n t  on  t h e  p r o p e r t y ,  i  s a  1 ,a te  Devonian (syri-Siclcer)  d e f o r m a t  i o n  
(Dl) t h a t  p roduced  l a r g e - s c a l e  open f o l d s  i n  t h e  N i t i n a t  and 
McLaughl in  Ridge Format ion  v o l c a n i c s  (Massey and  F r i d a y ,  1987)  . The 
o l d e s t  documented d e f o r m a t i o n  on t h e  p r o p e r t y  (D2 produced  t h e  
dominan t  west-nort:hwesl t  rentl i  n g ,  s t e e p 1  y d i p p i n g  s c h i s t o s ' i t y  (S2 )  
which i s  p a r t i c u l a r l y  w e l l  d e v e l o p e d  i n  McLaughlin Ridge  Forma t ion  
1 i t h o l o g i e s  . T h i s  v a r i a b l y  d e v e l o p e d  sc-his t o s i  t y  i s most i n t e n s e  
w i t h i n  s e r i c i t i c a l l y  a l t e r e d  f e l s i c  v o l c a i ~ i c s  and  c a r b o i ~ a t i z e d  maf i c  
v o l c a n i c s .  Numerous I  i n e a r  z o n e s  o f  i l l t e n s e  clevel.opment may r e p r e s e n t  
s h e a r  z o n e s .  S2 i s  a p p a r e n t l y  a x i a l  p l a n a r  t o  a  s e r i e s  of  wes t -  
n o r t h w e s t - t r e n d i n g ,  s o u t h w e s t - v e r g i n g ,  asyiiinieti-j.c f o l d s  which 
d e v e l o p e d  post-Lower Permian t o  pre-Middle  T r i a s s i c  (Massey and 
F r i d a y ,  1987)  . The u b i q u i t o u s ,  s h a l l o w l y  p l u n g i n g  m i n e r a l  and s t r e t c h  
l i n e a t i o n  (L2)  deve loped  011 S2 p l a n e s  d u r i n g  D2. L2 i s  o r i e n t e d  
p a r a l l e l  t o  t h e  minimum coinpi-essive s t r e s s  d i r e c t i o n .  Superimposed 
upon S2 i s  a  s p a c e d  s i i l i s t r a l  c r e n u l a t i o n  c l e a v a g e  (S3 )  t h a t  i s  
o r i e n t e d  a t  a b o u t  080 d e g r e e s ,  wi t h  s t e e p  d i p s .  The inaxiinun compres- 
s i v e  stress r e s p o n s i b l e  for  t h i s  c r e n u l a t i o n  c l e a v a g e  was o r i e n t e d  
a t  a b o u t  035 d e g r e e s .  The s i o a l l - s c a l e  b r i t t l e  f e a t , r ~ r e s  which a r e  
common t h r o u g h o u t  t h e  p r o p e r t y  may have  d e v e l o p e d  towards  t h e  end  o f  

0 D2 or D 3  a s  t h e  s t r e s s  f ieltl was r e l a x e d  a n d / o r  s t . r a i n  r a t e s  were 
i n c r e a s e d .  D 4  was c11arac:teri z e d ,  i n  t h e  L a t e  T r i a s s i c  by e x t e n s i v e  
c r u s t a l  d i l a t i o n  which pri>vidr,d a v e n u e s  f o r  ernpl aceinent o f  t h e  
Karmutsen g a b b r o s  and d i o r i t e s .  N o  s m a l l  s c a l e  s t r u c t u r e s  have  been  
a t t r i b u t e d  t o  t h i s  defc,r.nl;lt i o 1 1 .  P r i o r  1 0  t h e  r-leposi t i o n  o f  t h e  
Nanainio Group,  r e g i o i ~ a l  - s c d l  e warp ing  o f  Vancouver I s l a i ~ d  produced  
t h e  m a j o r  g e a n t i c l i n a l  1  I -  trored by S i c k e r  Group r o c k s .  T h i s  
d e f o r m a t i o n  (D5) may be  r e s l ?ons i  Is1 e f o r  tlze b road  s c a l e  var i . a t io iz  i l l  

t h e  p l u n y e s  of  inillera1 dnd :it  el (:11 l j  ilea l.i tsn o n  t-'tie p r o p ~ e r t l r .  Dllring 
t h e  I l a t e  C r e t a c e o u s ,  I  a r g e - s c a l e  w e s t n o r t h w e s t  t - rendi i ig  t h r u s t  f a u l t s  
c11t t h e  Cowichan--Hoi.ne 1,dl;e 1il11 i f  t. i n t o  s e v e ~ ' a l  s l ices .  Where exposed  
i 1 1  d r i l l  c o r e ,  t h e s e  tl~i-tlst-s (:lip \ r e r t i c a l l y  t-c) abol l t  6 5  d e g r e e s  t o  
t h e  north--uorI . l ieas  t and I I-enc-1 pat-dl I  e l  tc-) 5 3 .  They  becoine l i s  t r i c  a t  
m i d - c r u s t  a 1  d e p t h s  (Sl~t- l ier  1 a ~ ~ r l  Brow11  and Yol-ath,  1985)  . The most 
p r c ~ n i n e n t  (sf t l i e s e  i 11 t h e  C1le::lna i I ~ I I S  GJV i s t11e F111 f o r d  Faill t , which 
i s  most l i l < e l l i  a  s e r i e s  o f  t a u 1  t s p l a y s  ra t l~e l : :  t h a n  one  d i s c r e t e  
f a u l t  zone .  111 d l - i l l  core I-11c 12111 1-orr'l i s lilarkeil by a  111etre wide zone 
of: cl  a y e y  gouge t h a t  j m t -  i p s e s  M('.Lal~ghl i i i  Ridge vol(:ai?ics acjaiiis t 
and  011 t o p  of Nanaimo s e d  i~nt;.ilt s . I > i  s p l  dcements  a l o n g  t h e s e  t h r u s t s  
a r e  unknown b u t  a r e  est-i laat  eil 1  o h e  i n  t 11e o r d e r  o f  1-10 Ism (Massey 
and  F r i d a y ,  1987)  . i I 1 1  y , d j  t.ect i OI I  o f  ~noveltl(:llt j s ~ i i ~ l ~ i - ~ c ~ w ~ i .  

However , t l1e 111dl1 l)<i t t n s u g g e s t  s i~~ovemen t  cl i r e c t e d  to t h e  
west.- s(-)litllr~t,rit ; t l le  1 d I  e ~ ;  I I I O I :  r i d s  1 i o  1 and wester- ly  
d i r e c t e d  a s  i i i d i c a t  ed l j y  s 1 i c:l,zr~s i d e s  ( I~ l a s sey  and F r i d a y ,  1987)  . The 
1 a s t  c; leforinational t.vc<ni r d l ~  i t:li Ilns a f  fe(: t  ed t-lie Si ~ I i e r  GI-olxp i s  
inanif e s t  a s  a  s e r i e s  i ) f  Tel- t i ( ? )  ~ i t - ) ~ t l ~ - ~ ~ r ) i - t l - ~ e a s t  c ros s fa111  ts  , w i t 1 1  
s ~ i h v e r t  i ( l a1  down tllrows I o ttl~e k,~u:;I:  (Masuey clil(;l F l . iday ,  1987)  . 

I 
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ECONOMTC GEOL,OGY 

A1 t-,era t  i on 

Hydrot:l~erinal a1. t  e r a t  io11 l t a ~  i f f  e l  a3 1 rrx:li. t y l ~ e s  i n  t i le  
McL,aughlii~ Ridge Format i ou t- ( I  v a r y i  11g d e g r e e s .  S e v e r a l  a 1  t e r a t i o n  
t y p e s  a r e  rec-,clgni zed i ri t lie f  i e l  d . Maf i c and ill t erkneili a t e  vc-)l carii c s  
may e x p e r i e n c e  r :arbo~iate ,  t l l l l  ( 3 1  i tt: 4 / -  ~ y r i  t e  - t / - -  serici  t e  and/or  
heinat i  t e  a1 t:elbcltj (XI. A l  I e l -d t  ioii f fels- i( :  vc>li:anics i s  111ost 
common1 y  t o  a  q u a r t z  t s e r i  c i  t e  t / -  p y r i  t e  asseml j lage ;  c-arbonat i  za-  
t i  on  o f  f e l s i  c vol  c a n i  i:s i  s 1  e s s  comnroii . 

C a r b o n a t i z e d  mafit; \rc.)l(:dili~-:s wea ther  p a l e  I>rown w i  tli c a r b o n a t e  
m i n e r a l s  Sli s p e r s e d  pa l 'd l  1 c .1  I o f n l  i at- i o ~ l .  Tlli .c; i s  t-he inost common 
a 1  t e r a t  i c ~ n  t o  have  a €  feet ed ~udf i c: v o l c a n - i c s  t.llrougll most of t h e  
p r o p e r t y .  Carbonat . i za t io11  k a  vc)lc:ani(::s i s  p a r t i c ~ i l . a r l y  
i . n t e i ~ s e  i 11 Holyoak 2 ,  i'ied r t-11e nol-t llel-11 c:ontact wit 11 t h e  Camerc)n 
R i v e r  c h e r t s ,  and w'i t h i i ~  t lie d i s c r e t e  n~af  i c  l i o r i z o n s  wlli ch t r e n d  
a c r o s s  t h e  c e n t r a l  r e g i c ) i ~ s  of Cllip 1,3, aiid 3 .  T n t e n s e l y  c a r -  
b o n a t i z e d  maf i c  vol.tranic:s d l , ( ?  c:llai-dctei-i zed 1,y l o i d  S i 02  ( < 4 O % )  , low 
A1203 7 . 5 ° 0 ,  low Na20 (C).12?o), 11iyh K20 ( 2 . 2 % )  and h i g h  LO1 
( 2 3 . 5 % )  . One a d d i t i o n a l  s t y l  e of rrarbal la te  a1 t ;e ra t - ion  h a s  a f  f ect:ed 

0 maf i c  v o l c a n i c s  i n  t h e  west e r n  p a r t  o f  t h e  g r o p e r t y .  T h e r e ,  b r i g h t  
orange-brown a n k e r i  t e ?  elljarla I- e s  c i l l t  wn-1-c-l f rain 060 d e g r e e s  t r e n d i n g  
f r a c t u r e s  which c r o s s c l ~ t  t l ~ e  F l  f r z l i a t i o ~ l .  T l i i s  i s  c l e a r l y  a  l a t e  
a1 t e r a t i o r i ,  n o t  r e l a t e d  t,o s y n g e n e t i c  meta l  d e p o s i  t : ion, b u t  which 
may h e  i m p o r t a n t  f o r  e p i g e n e  t . i c  131-ecious met a1 1 o c a l  i - z a t  i o n .  T h i s  
t y p e  o f  a l t e r a t i o n  r e s t11  t s  i n  d e c r e a s e d  Si(72 ( 3 4 % )  and Na20 ( . 7%)  
and  e l e v a t e d  Ca0 ( 1  6 % )  aiid I,(-)T ( 2 3 . 5 S )  . 

C h l o r i t e  t./- p y r i t e  t - ser  i c i t + e  a1 t .e~.d t i o n  i s  t h e  dominant  
a l t e r a t i o n  t h a t  h a s  a f f e c t e d  i r ~ a f i c  v o l c a i i i c s  on B r e n t  1 i n  and 
a d j a c e n t  t o  T r e n c h e s  1t50W a i ~ d  3 100W and a t  t h e  Sha ron  ad i  ts.  T h i s  
s t y l e  o f  a l t e r a t i o n  occul-s a s  c h l o r i t e  + / -  p y r i  te-ric-12 v e i n s  (0 .5 -2  
c m  w ide )  or  a s  p e r v a s i v e  c l i1or i t . e  + / -  p y r i t - e  + / -  s e r i c i t e  a l t e r a -  
t i o n  which s e l e c t i v e l y  a l t e r s  t h e  maf i c  m i n e r a l  s i n  t h e  r o c k .  
P y r i t e  i s  t h e  dominant  cons t , i I :~ i en t  o f  0.3--1. cm d i a m e t e r  p y r i t e  + 
q l l a r t z  + / -  c h a l c o p y r i t e  a g g r e g a t e s .  P a r t . i c u l a r l y  i n t e n s e  a l t e r a t i o n  
o f  t h i s  t y p e  may be  r e l a t e d ,  i n  p a r t ,  t o  p o r o u s  z o n e s ,  s u c h  a s  
r u b b l y  f l o w  c o n t a c t s ,  i n  t h e  maf ic v o l c a n i c  s e q u e n c e .  Geochemical-  
l y ,  m a f i c  v o 1 c a n i . c ~  1:liat h a v e  b e e n  i n t e n s e l y  c h l o r i t i  zed and 
s e r i c i t i z e d  a r e  c h a r a c t e r i z e d  by h i g h  MgO (10-12%), h i g h  A1203 
( 1 7 - 2 0 % ) ,  h i g h  MnO ( . 5 - .  8%) and h i g h  LO1 (9.5-896). S i 0 2  (43-47%) 
and CaO ( .4-4.8%) t e n d  t o  h e  1  o w  i n  abundance . . 

H e m a t i t e  a l t e r a t i o n  of lnaf i c  v o l c a i i i c s  i s  p a r t i c u l a r l y  w e l l  
d e v e l o p e d  a l o n g  t h e  n o r t h  s i d e s  o f  Ch ip  1  to 4 ,  a t  or  n e a r  t h e  t o p  
o f  t h e  McLaughlin Ridge Forinatioi?.  Roclis have  a  p u r p l e  c o l o u r  due  

0 t o  f i n e l y  d i s s e m i n a t e d  h e i n a t i t e .  H e m a t i t e  a1 t e r a t i o n  may be  
p e r v a s i v e ,  f r a c t u r e - c o n t r t s l  l e t l ,  or, i n  c o a r s e  c l a s t i c  r o c k s ,  may 
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0 p r e f e r e n t i a l l y  a l t e r  c l a s t s  rjl- m a t r i x .  The occilrl-ence o f  henlati t e  
a l t e r e d  inafic  v o l c a r ~ i c s  l l c d r  t h e  t.01) of t h e  111afic seyrlence s u g g e s t s  
t h a t  a1 t e r a t i o n  was contrc-)ll  ed I3y p a l e o t o l ~ o g r a p h y  , w i  t l1 t h e  upper  
p a r t  of t h e  maf i c  sequenc:e ac:c:uml~l at,i rig i 11 a  more ox id i -z ing  
( s u b a e r i a l ? )  environmeiit . 

C a r b o n a t i z a t i o n  has  a f f e c t e d  most f e l s i  c v o l c a n i c s  on t h e  
p r o p e r t y ,  however t h e  i n t e n s i t y  of  a l t e r a t i o n  i s  g e n e r a l l y  weal;. 
T h i s  a l . t e r a t i o n  o c c u r s  dc,miiiately a s  t h i n  ( ( 3  m m )  c a l c i t e  v e i n s .  
C a r b o n a t i z e d  f e l s i c  v o l c a n i i : ~  c:ontaii~ s l i g h t e r  h i g h e r  CaO (4-590) 
and L O 1  ( 4--6%) c o n t e n t s  t ,hai~ t h e i  r 11ria1 t e r e d  co11nt;erparts.  

The most common type  o f  a1 t e r a t i o n  t o  a f f e c t .  f e l s i c  v o l c a n i c s  i s  
s e r i c i t i z a t i o n  + / -  pyr i  t i za t i c - rn .  The inere p r e s e n c e  of s e r i c i  t e  i n  
t h e s e  v o l c a n i c s  i s  n o t  n e c e s s a r i l y  i n d i c a t i v e  of a l t e r a t i o n ;  
serici t e  i s  a  common p r o d ~ ~ c t  of  t h e  ~iietainorphism of f e l s i c  
v o l c a n i c s .  I n t e n s e l y  a l t e r e d  ( s e r i - c i t j  z e d )  fel-sic:: vol c a n i c s  l a c k  
p l a g i o c l a s e ,  be ing  composed of a  q u a r t z  + s e r i c i t e  + / -  p y r i t e  
m i n e r a l  assemblage.  T11i.s d e s t r u c t i o n  of p l a g i o c l a s e  r e s u l t s  i n  t h e  
c h a r a c t e r i s t i c  d e p l e t i o n  in  Na20 and CaO t h a t  c h a r a c t e r i z e s  Inany 
a l t e r a t i o n  zones a s s o c i a t e d  w i t h  v o l c a n i c - h o s t e d  massive s u l p h i d e  
d e p o s i t s .  S e r i c i t e  a l t e r e d  f e l s i c  vo1.ani .c~ t e n d  t o  be  more 
s c h i s t o s e  than  t h e i r  u n a l t e r e d  c o u n t e r p a r t s .  Ti1 t h e  f i e l d  
s e r i c i t i z e d  f e l s i c  v o l c a n i  cs a r e  buf f  c o l o u r e d ,  i n  c o n t r a s t  w i t h  

0 t h e  g r e e n i s h  hue ,  due t o  t h e  p r e s e n c e  of minor c h l o r i t e  and /o r  
g r e e n  s e r i c i t e ,  c h a r a c t e r i s t i c  of u n a l t e r e d  f e l  s i c  v o l c a n i c s .  
S e r i c i t e  a l t e r e d  f e l s i c  v o l c a n i c s  o c c u r  i n  l i n e a r  zones which a r e  
o r i e n t e d  p a r a l l e l  t o  s c h i s t o s i t y  and l i t h o l o g i c  c o n t a c t s  t h r o u y h o ~ i t  
t h e  p r o p e r t y .  T h e r e f o r e ,  ~ e ~ i c i t i z a t i o n  a p p e a r s  t o  be conformable 
t o  l a y e r i n g .  However, t h e  l a c k  of discernible zones of c r o s s -  
c u t t i n g  a l t e r a t i o n  may be due t o  t r a i ~ s p o s i t i o n  of c r o s s - c u t t i n g  
f e a t u r e s  due t o  t h e  extreme d e f o r m a t i o n  t h a t  h a s  a f f e c t e d  t h e s e  
r o c k s .  

F e l s i c  v o l c a n i c s  which have been p a r t i c u l a r l y  i n t e n s e l y  a l t e r e d  
o c c u r  i n  t h e  s o u t h  p a r t  of Trench 3+00W on Brent  1 ,  i n  t-he n o r t h  
and sou thwes t  p a r t s  of Holyaak 3 ,  i n  t h e  Ani ta  a r e a  of Chip 1, and 
i n  t h e  nor thernmost  f e l s i c  member i n  Chip 1 t o  4 .  I n  geochemical  
t e r m s ,  p a r t i c u l a r l y  s e v e r e  Na20- and CaO--depletion ( < 0 . 5 %  Na20, 
(0 .5% CaO) has  a f f e c t e d  f e l s i c  v o l c a n i c s  i n  t h e  s o u t h  p a r t  of Bren t  
1 and t h e  n o r t h  p a r t  of Holyoak 2 and 3 .  

M i n e r a l i z a t i o n  

To d a t e ,  base  and p r e c i o u s  m e t a l  m i n e r a l i . z a t i o n  h a s  been 
r e c o g n i z e d  i n  f o u r  1oca t i c )ns  on t h e  p r o p e r t y .  From e a s t  t o  west 
t h e s e  a r e  t h e  Sharon,  S i l v e r  Creek,  FIolyoak and Ani ta  a r e a s  ( F i g u r e  
7 ) .  

A t  t h e  Sharon Showing, t l i  s se in ina ted  p y r i t e  + / -  c l ~ a l c o p y r i  t e  

0 m i n e r a l i z a t i o n  i s  a s s o c i a t e d  w i t h  c h l o r i t i c  + / -  s e r i c i t i c  a l t e r a -  
t i o n  of  maf ic  vol .canics .  Grab s a ~ n p l e s  c o n t a i n  up t o  9050 ppm Cu 

I 
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0 and 235 ppm Zn. DDH CH85-7 i i ~ t e r s e c t , e d  74 .8  m o f  0 .18 % Cu i l l  

a1  t e r e d  maf i c  v o l c a n i c s .  The geomet ry  of  t h i s  m i n e r a l i  zed  zone i s  
unknown a t  p r e s e n t .  These nldfi c v o l c a n i  cs a r e  c l o s e l y  a s s o c i a t e d  
w i t h  q u a r t z -  p h y r i c  f e l s i c  vc> lcan ic s  t h a t  have  been  i n t e n s e l y  
s e r i c i t i z e d  (Na20<0.5%, Ca0<0.5?0)  . 

M i n e r a l i z a t i o n  on Ilolyoak 2  ( S i l v e r  Creek)  h a s  been  d i f f i c u l t  t o  
t r a c e .  Z i n c  m i n e r a l i z a t i o i i  h a s  Ineen e n c o u n t e r e d  i n  s e r i c i t i z e d  
f e l s i c  v o l c a i ~ i c s  on l i n e  31W; a 1 . 5  In channel. sample  i n  a  t r e n c h  
c o n t a i n e d  2.4% Z11, 1% Cu and 1 9 . 5  g / t  Ag, w h i l e  7 . 5  m e t r e s  o f  1% 
Zn were i n t e r s e c t e d  i n  d r i  1-1 hol  e  CH85--10. T h i s  m i n e r a l i z e d  zone 
i s  t e r m i n a t e d  by a  g a b l n ~ o  clylce a t  50 111 d e p t h  (Money e t  a l ,  1988)  . 

I11 t h e  Holyoak a r e a  (IIolyoal; 3 )  , d r i  1  l i n g  d u r i n g  1388 i n t e r s e c t e d  
s e v e r a l  minor  zones  of ~ n i i l e r a l i z a t i o n .  Tlle most i n t e r e s t i n g  o f  
t h e s e  c o n s i s t s  of  0 . 5  in o f  2% Zn w i  (-,I1 a  weak pcllymetal l . i c  s i -gna t i l r e  
( s l i g h t l y  anomalous Ail, Ag, As, Ba) t h a t  was i n t e r s e c t e d  i n  d r i l l  
h o l e  CEI88-60. T h i s  a p p e a r s  t o  be  altsnq s t r i  1;e from t h e  Randy Nor th  
Zone ( B a i l e s  e t  a]., 1987)  . T h i s  m i n e r a l i z a t i o n  i s  a s s o c i a t e d  w i t h  
sodium- d e p l  e t e d  ( < I %  Na20) f e l  si c vol  c a n i  cs .  

The most c o n s i s  t e n t  m i  n e r a l i  z a t  i o n  e i i coun te red  t o  d a t e  on t h e  
p r o p e r t y  o c c u r s  i 1-1 t h e  Aiii t a a r e a  o f  Ch i p 1 where polyme t a l l - i c  
m i n e r a l i z a t i o n  o c c u r s  a t  o r  n e a r  t h e  c o n t a c t  o f  s e r c i t i z e d  f e l s i c  

(3 v o l c a n i c s  and re1a t : ive l  l r  Ilndl tel-ed inaf i C: volcal1ic:s. M i n e r a l i z a t i o n  
h a s  been  t r a c e d ,  i n  two z o n e s ,  from l i n e  20E t o  3 1 E .  The b e s t  
i n t e r s e c t i o n  t o  d a t e  was i n  d r i l l  h o l e  CH88-49 (2.7111 of 2.98% Cu, 
5 .99% Zn, 1% Pb, 117 .5  g / t  Ag, 2 .78 g / t  A u ) .  The h o s t  s e r i c i t i z e d  
f e l s i c  v o l c a r i i c s  a r e  v a r i a b l j /  s o c l i  inn-depleted; however ,  a l  t e r a t i o n  
i s  n o t  i n t e n s e ,  w i  t l i  Na20 ortll7 r a r e l y  below 1%. These  f e l s i c  
v o l c a n i c s  a r e  a l s o  c h a r a c t e r i z e c t  by l o c a l  e n r i c h m e n t s  of  bari~uin 
(2400-5900 ppm). 

- - - - 
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FIGURE 8b : Chondrite-normalized REE diagram; Mafic Member "A" 
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FIGURE 9b : Chondrite-normalized REE diagram; Mafic Member "B" 
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FIGURE 2 1b : Chondri te-normali zed REE diagram; gabbros , d i o r i  t e s  , 
Karmutsen Fm. 



0 
F I G U R E :  22a : Na20 vs Si02 variation diagram; Mafic Member "A" 
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FIGURE 22c : Na20 vs SLG2 v a r i z t i a n  diagram; M a f i c  Members " C n  & "D" 
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F I G U R E  25a : A1203 vs S i O 2  v a r i a t i o n  diagram; Mafic Member "A" 
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F I G U R E  25b : A1203 vs Si02 v a r i a t i o n  diagram; Mafic Member "B" 
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FIGURE 26d : Fe203 vs Si02 v a r i a t i o n  diagram; Mafic Members " E " ,  
"I?", ani! "G:' 





FIGURE 27a  : MgO vs Si02 v a r i a t i o n  diagram; Mafic Member "A" 
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FIGURE 28b: T i 0 2  vs  S i 0 2  v a r i a t i o n  d iagram; M a f i c  Member "B"  







FIGURE 2 9 a  : P205 vs S i O 2 v ' - z i a t i o n  d i a g r a m ;  M a f i c  M e m b e r  "A" 







FIGURE 30b : Na20 vs SiO2 vari~tion 
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F I G U R E  31a : K 2 0  vs S i 0 2  v a r i a t i o n  d i a g r a m ;  I n t e r m e d i a t e  
M e m b e r s  " A " ,  a n d  "B" 
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F I G U R E  31b : K 2 0  vs S i 0 2  v a r i a t i o n  d i a g r a m ;  I n t e r m e d i a t e  
M e m b e r  "C" 
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FIGURE 32a : CaO vz Si02 v a r i a t i o n  diagram; In te rmedia te  
M e n h ~ r ~  ",q" , anrl "3:' 
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FIGURE 32b : CaO vs Si02 v a r i a t i o n  diagram; In te rmedia te  
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FIGURE 35a : f l g O  vs Si02 v a r i a t i o n  diagram; In te rmedia te  
Members "A" ,  7 1 3 3  "B" 

FIGURE 35b : MgO vs S i02  v a r i a t i o n  diagram; In te rmedia te  
Member " C "  
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FIGURE 36a : T i 0 2  vs Si02 v a r i a t i o n  diagram; Intermediate  
Memhcrs " A " ,  and """ a 



FIGURE 378 : P205 v s  Si02 variation diagram; Intermediate 
Member "C" 



FIGURE 38b : Na20 v s  S i 0 2  v a r i a t i o n  d iagram, F e l s i c  Member "B" 







FIGURE 39a : K20 vs S i02  v a r i a t i o n  d iagram; F e l s i c  Member " A "  
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FIGURE 39b : K20 vs  S i02  v a r i a t i o n  d iagram; F e l s i c  Member "B" 
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F I G U R E  39c : K 2 0  v s  Si92 variation diagram; Felsic Member 
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FIGURE 39d : K 2 0  vs S i 0 2  v a r i a t i o n  diagram; F e l s i c  Member 
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FIGURE 399: K20 vs  S i 0 2  v a r i a t i o n  d iagram; F e l s i c  Member "H" 



FIGURE 40a : CaO vs Si02 variation diagram; Felsic Member "A" 
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FIGURE 40b : CaO vs Si02 variation diagram; Felsic Member "B" 
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FIGURE 40c : CaO vs S i 0 2  v a r i a t i o n  d iagram; F e l s i c  Member "C"  
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F I G U R E  4 1 a  : A 1 2 0 3  vs  S i 0 2  v a r i a t i o n  d i a g r a m ;  Felsic M e m b e r  "A" 
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FIGURE 44e : Ti02 vs Si02 v a r i a t i o n  diagram; F e l s i c  Member "E" 
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FIGURE 4 6  : Na20 vs  S i 0 2  v a r i a t i o n  diagram; Cameron River  Sediments 
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F IGURE 4 7  : K 2 0  vs Si02 v a r i a t i o n  diagram; Cameron River Sediments 
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FIGURE 66a : Ba vs Na20 var ia t ion  diagram; Fe l s i c  Member "A" 
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FIGURE 66b : B a  vs Na20 va r i a t i on  diagram; F e l s i c  Member "B" 
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FIGURE 67a : Ba vs  CaO v a r i a t i o n  diagram; F e l s i c  Member "A1' 
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FIGURE 67b : Ba vs CaO v a r i a t i o n  diagram; F e l s i c  Member "B" 
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