
CAROLIN  MINE - COQUIHALLA GOLD BELT PROJECT 
(928/6, 11 )  

By G. E. Ray 

INTRODUCTION 

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

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

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

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

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

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

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

McMaster pond. 

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

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

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

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

RBZIONAL GEOLOGY 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

GOLD IIIEIERALIZATION I N  THE BELT 

GENER?+L 

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

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

IDAHO ZONE (CAROLIN MINE) 

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

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

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

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

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

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

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

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

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

molybdenum, antimony,  and  tungsten. 

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

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

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

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

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

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

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

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

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

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

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

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

s t r a in   (Spry ,   1969) .  

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

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

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

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

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

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

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

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

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

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

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

MURPHY GOLD OCCURRENCE 

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

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

over   the  occurrence  contains   pannable   gold.  

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

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

SILT GEOCMISTRY 

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

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

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

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

No anomalous  cobalt  or  antimony  values  were  recorded. 

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

DISCUSSION 

DEPOSITIONAL ENVIRONMENT AND STRATIGRAPHY OF THE LADNER [GROUP 

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

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

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

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

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

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

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

from near   surface to deeper   l eve ls .  

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

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

Ladner  Group  sedimentation. 

EVOLUTION OF THE COQUIHALLA SERPENTINE BELT 

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

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

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

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

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

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

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

LEGEND 

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

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

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

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

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

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

SERPENTINE BELT 

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

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

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

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

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

GOLC MINERALIZATION 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

represent   the  source of the  gold. 

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

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

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

The temperature of minera l iza t ion  i n  the  Idaho  zone is uncertain. ,  How- 
ever ,  the s t a b i l i t y   d a t a   f o r   m e t a - a n t h r a c i t e  from the  Idaho  zone  quartz 
ve ins  suggest temperatures of 250 degrees C e l s i u s  w e r e  a t ta ined .  T h i s  
l i e s   w i th in   t he   t empera tu re   r ange   e s t ab l i shed  by f lu id   j . nc lus ion   s tud ie s  
for  many vein-type  deposits  (Spooner,  1981 ) . 
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TABLE 1. STRUCTURAL  HISTORY  OF  THE CAROLIN  MINE AREA 

La te   f au l t i ng .  

F2 

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

c i eavage. 

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

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

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

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

l imbs  and  ax ia l   p lanes .  

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

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

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

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

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

Au As 

I Emancipation 1916-1941 90 104 18 818 1 

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

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

4 Pipestem 1935-1937 8 460 1 151 1 

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

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

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

No. on Name 
Fig.  2 2  

6 Broken H I  I I 

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

8 Montana 

9 Rush  of t h e  B u l l  

10 Golden  Cache 

1 1  M a s t e r  zone 

12 Murphy 

13 Gem 

1 4  S t a r  

1 5  Home x 

b t a l  I s  Sources 

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

1 

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

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

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

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

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

- 

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

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

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

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

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

2 

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

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

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

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

2 

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

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

arsenopyrlte,  and low gold  values. 

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

No. on Name 
Fig.  22 

b t a i   i s  Sources 

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

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

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

4, 15 

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

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

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

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

6 

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

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

1625.00 p e r   t o n  gold, 

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

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

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

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

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

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

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

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

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

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

ZONE (CAROLIN MINE) 

25163M'  25164M'  25167M'  25168M2 

60.62 

15.42 

0.45 

3.89 

0.68 

2.37 

9.09 

0.09 

1.00 

0.07 

2.78 

1.91 

< I  0 

81 
1 1 2  

20 
13 

19 

< I  00 
24 

12 

< I  
15 

13 

16.0 

0.46 

53.11 48.92 

14.51 14.05 

1.20 0.22 

7.94 6.26 

1. I6 3.30 

4.49 9.07 

7.81 2.45 

0.30 2.84 

1.22 0.83 
0.1 1 0.13 

3.46 6.85 
3.4 I 0.1 2 

3.5 
<IO 

< I  
< l o  

1.18 
161 49 

0.007 

<IO 
78 76 

< I  0 
<2 
I 3  <:2 

.:2 

155 
29 

1 1Em4 
22 

18 
15 

8 

< I  
16 

20 
.: 1 
15 

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

2UnmlneraIized wackes adjacent  t o   t h e  Idaho zone. krm cluartz 
veining  but no sulphldes or a l b i t i c   a l t e r a t i o n .  

79 



TABLE 5. WHOLE ROO( AN0 TRACE ELEMENT ANALYSES OF VARIOUS SEFPENTINITE 
SAWLES FRCM THE  COQUIHALLA  SERPENTINE BELT  AN0 ELSEWHERE 

25478l 

39.41 

1.15 

38.29 

0. 14 

<O. 06 

<O.Ol 
0.03 

0.09 

1 2 0  
0.19 

0.10 

0. 08 
1.08 

5.13 

0.02 

<3 
3 
7 

<3 
59 

8 
0. 15 

<3 
0.24 

QO 
12 

<o. 5 
< I  0 
50 
51 

2 5 4 1 9  

36.30 

5.99 

36.20 

0.05 

<0.06 

<o.o 1 

0.42 

0.20 

1 2 2  

0.60 

0.1 
0.08 
3.00 

4.21 

0.03 

<3 

30 
7 

55 
7 

100 
<3 

Q O  
12 

<o. 5 
<I 0 
59 
45 

0.24 

0.14 

2548Z3 

41.15 

0.32 

39.4 1 

<0.01 

<O. 06 

<o. 0 I 
<o. 0 I 

0.069 

1 2 3  

0.57 

0.01 
0.08 
1.03 

4.23 

0.16 

<3 
6 

<3 
5 

58 
0.18 

<3 
8 

0.27 

QO 
IO 

<o. 5 
<I 0 
28 
45 

254864 

35.40 

0.59 

31.26 

0.18 

<O. 06 

<o. 0 1 

0.04 

0.16 

10.5 

0.62 

6.20 

0.08 
3.49 

5.41 

0.12 

8 

20 
I 1  

14 
<3 

16 
0.1 0 

3 

12 
0.24 

Q O  

22 
<o. 5 

66  
75 

A 

40.7 

1.0 

36.4 

0.1 
N.O. 

N.O. 

N.D. 

N.O. 
1 2 4  

N.D. 

0.2 

N.D. 

1.2 

6.6 

B 

4 1. 7 
0.8 

38.5 

0.4 

N.O. 

N.O. 

N.O. 

N.D. 

11.0 

N.O. 
0.0 

N.O. 

2.1 

4.1 

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

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

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

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

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

se rpen t lne  belt. 

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

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

and  Knopt,  1966). 

80  



TABLE 6.  WHOLE ROO( AN0 TRACE  ELEMENT  ANALYSES  OF VARIOUS 
VOLCANIC  GREENSTONE SAWLES 

2  5466' 

50.16 

13.77 

3.16 

7.86 

7.20 

0.02 

1.27 

0.19 

1.17 

0.10 

6.90 

<o. 08 

2.60 

3.09 

2.60 

0.03 
0.005 

40 

20 
2 2  

37 
14 

26 
32 

33 
1 7  

<o. 5 
< I  0 

2 2  
48  

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

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

254703 

48.58 

14.81 

7.33 

6.86 

4.58 

0.06 

1.78 

0.19 

3.34 

0.20 

0.01 

<o. 08 

0.1 I 
10.10 

1.78 

0.0 I 
0.006 

90 
38 
25 
21 
53 

31 
<3 

12 
QO 
<o. 5 

9 8  
13 

15 

2547:fl 

46.26 

13.2.r 
6.60 

7.41) 

3.51 

0.6'3 

1.81 

0.1'1 

4. I ,1 

0.2'5 

4. 9'3 

<o. OB 
0.0,1 

8.84 

0.64 

0.02 
0.037 

70 
30 
23 

30 
59 

<3 
39 
12 

Q O  
<o. 5 

103 
10 

39 

East  o f  Serpent ine 

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

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

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

Emanclpation mine. 

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

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

WITHIN  THE  COOUIHALLA  SERPENTINE 
BELT 

25481' 

50.19 
13.15 
7.16 
9.66 
4.09 
0.05 
1.66 
0.19 

1 2 2  
0. 18 

0. IO 
0.08 

0.15 
9.03 
1.31 

0.05 
21 
80 
24 
26 
70 
30 
<3 
53 

QO 
8 

<o. 5 
16 

< I  5 
102 

254832 

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

0.03 
8.25 
1.21 

33 
66 
24 
26 

71 
57 

<3 
56 
10 

Q O  
<o. 5 

86 
12 

15 

0.06 

In  per  cent  except as n o t e d  

'Altered  augltehornblende gabbro. 

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

Serpentine Lake. 
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