
CAROLIN MINE - COQUIHALLA GOLD BELT P R O J ~ T  

(92H/6, 11 ) 

By G.E. RAY 

INTRODUCTION 

This   project  was i n i t i a t e d  i n  June 1981, and has  been  centred  around the 
Carolin  gold mine ( M D I  No. 092H/NW/007), si tuated  approximately 18 
kilometres  northeast  of Hope. The main object ives   are:  

Regional mapping to out l ine   the   re la t ionship  between %he Coquih.slla 

between  these u n i t s  is of economic interest  because the Carolin 
Serpentine Belt and the  adjoining Ladner Group. The contact  

mine, several  former  gold  producers, and numerous gold  occurrences 

confined to an a rea   s t re tch ing  13  kilometres  south and 5 kilometres 
l ie close to it. Regional mapping dur ing   th i s  in i t ia l .  season wss 

east of the  Carolin mine (Figure 1 1. 

Detailed mapping a t  the  Carolin  gold mine, w i t h  particular  emphasis 
on in te rpre t ing   the  s t r u c t u r a l   h i s t o r y  of the rocks  hosting  the 
gold  mineralization (Figures 2, 3, and 4; Table 1 ) .  

Geochemical ana lys i s  and, where poss ib l e ,   mic ro foss i l   i den t i f i -  
ca t ion  on rock  samples  collected from the entire region. 
Mineralogical and trace  element  studies w i l l  be undertaken on 
underground  ore  samples  taken from the  Idaho 7nne a t   ( a r o l i n  mine 
and from other  former  gold mines in   the  area.  

TABLE 1. STRUCTURAL  HISTORY OF THE  CAROLIN  MINE  AREA 

Sporadical  iy developed, minor conjugate  folds  associated  with 
k ink  banding and crenulat ion cleavage. 

Open t o   t i g h t ,  disharmonic  folds  having  sub-vertlcai t o  
easterly  dipping,  southeast-str iking  axlal  planes and north- 
west t o  southeast, gently  plunging axes. it i s  the domin.snt 

axial  planar  slaty  cleavage and mineral  l ineation. Some 
f o l d  episode In   the   a rea  and i s  assoclated  with a  wldesproad 

disrupt ion  a long  fo ld  l imbs and ax ia l  planes. 

Widespread s t ruc tu ra l   invers im  o f   the  Ladner Group and 
greenstone  voicanics,  probably  related to  maJor recumbent 
folding. No associated  axial  plane  fabric  recognized. 

Ear ly t o  Middle  Jurasslc 7 Unconformable depos i t im  of the  Ladner Group !sediments on a 
greenstone  volcanic  unit  of unknown  age. 

HISTORY AND PREVIOUS WORK 

By the   ear ly   par t  of this   century,  numerous gold-bearing  quartz  veins  had 
been  discovered  in  rocks  adjacent to the  eastern edge of the  Coquihalla 
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Flgure 1. Reglonal  geology of the Coqulhalla  Rlver  area. 
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Flgure 3. Geological  sectlons AB, Bc (see Figure 2) In the  Caroi ln mine area. 

Figure 4. Geological  sections CD, DE (see Figure 2) across  the  Idaho Zone, Carol ln 
m i  ne. 
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Serpentine B e l t .  These discoveries   eventual ly   led to underground 
production from three  deposits,  the  Pipestem,  Rnancipation, and Aurum 
mines (Figure 1 ). A l l  th ree   p roper t ies   a re  now closed and the 
mineral izat ion and geology a t  these sites are described by Cairnes  (1914, 

cu t t i ng   a l t e r ed  volcanic rocks  whereas a t  Pipestem the gold-hearing v e i n s  
1929).  Mineralization a t  the  Emancipation mine was in   quartz   veins  

cut  sedimentary  rocks of the  Ladner Group. I n  both  deposits  gold is  
assoc ia ted   wi th   s i lver ,   pyr i te ,  and arsenopyrite,   while  pyrrhotite,  
chalcopyri te ,  and ca l c i t e   a r e   r epor t ed  from the  Emancipation  property. 

Ltd. (Cardinal, 1981 ). The Rnancipitation area was recent ly  re-examined by rquarius  Resources 

Spectacular  values of free  gold,  hosted i n  a ta lcose  shear ,  rare found i n  
In 1927, the Aurum gold mine was discovered  just   south of the  Idaho Zone. 

the Hozameen f a u l t  which is a major f r ac tu re  marking the eas te rn  margin  of 

pyr rhot i te ,   pyr i te ,   cha lcopyr i te ,   a r senopyr i te ,  and possibly millerite 
the Coquihalla  Serpentine Belt. A t  Aurum, gold is associated  with 

(Cairnes,  1929). 

Surface  exposures of the Idaho Zone (Figure 4 ) ,  the  gold  deposit which 
comprises  the  current  Carolin mine operation, were original ly   descr ibed by 
Cairnes  (1929). A t  t h a t  time the gold  values were not  economic but   the 
increased  pr ice  of  gold in   the  ear ly   1970's   led  Carol in  Mines LU. to 

Current out l ined ore  reserves are as follows: 
conduct a major explorat ion and development  program on the  pr(3perty. 

Tonnes Oz./tonne  Cut-off Grade 

2 OM1 000 
1 500 000 

0.128 
0.141 

0.05 oz./ton Au 
0.08  oz./ton Au 

Carolin mine s ta r ted   p roduct ion   in  December 1981, and the mill. should 
handle  approximately  1,500  short t o n s  of ore  per day. 

Br i e f   de t a i l s  on the geology of the Idaho Zone were given by Barr (1980), 
bu t  most w r k  on the  deposit  is in  unpublished  form; this includes work 
by Cochrane. et  al. (1974) .  Griff i ths  (1975) ,  and a mineralogi.ca1 and 
petrographic  study on the  ore zone by Kayira  (1975). 

The regional  geology,  involving  early  major work  by Cairnes  (1924,  1929), 
was compiled  by Monger (1970).  Additional work relevant  to the  area 
includes  that  by McTaggart and Thompson ( 1967),  Coates ( 1970, 1974),  and 
Anderson (1976). 

REGIONAL GEOLOGY 

In the  Carolin mine vicinity,   the  Coquihalla  Serpentine B e l t  forms  an 
elongate  north-northwest-trending  unit  that separates  rocks of the Ladner 

margins of the belt appear to represent  major long-lived  tectonic 
and Hozameen Groups to the e a s t  and west respectively  (Figure 1 ) ;  both 

f r ac tu res .  In the  Coquihalla  River area, the  belt   exceeds 2 kilometres 
i n  width,  but it gradually  thins  to the north and sou th   un t i l   i n   t he  
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Flgure 5. Schematlc  stratlgraphlc  successlon In the  Carolfn  mlne  area  (not to 

carbonaceous  argillites (black); (2) late F2 high-angle  reverse  faulting 
scale): ( 1 )  F2 folding of the Ladner  Group  sedlmentary  rocks  contalnlng 

limb; (3) hydrothermal eplgenetlc  emplacement of sulphlde-gold 
localized  along the carbonaceous horizon (black)  within the F2 fold 

nlnerallzatlon tstlppled)  along the fault  shatter  zone;  and (3) late 
normal  faultlng (F)  causlng  displacement of the mlnerallzed  zone. 
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Boston Bar and Manning Park a reas  (Monger, 1970; Coates, 1974) the 

Faul t  marks the eastern boundary  of the b e l t  w h i l e  the f rac ture   a long   the  
Hozameen and Iadner Groups a re  i n  direct f au l t   con tac t .  The Hozameen 

belt's western margin (Figure 1)  is cu r ren t ly  unnamed. Near Carolin mine 

of probable  peridotite  parentage  (Cairnes,  1929) and medium to coarse-. 
the b e l t  is dominated by two major rock types: massive dark   se rpent in i te  

grained, massive and highly  a l tered  hornblende  dior i te .  The b a s a l t s ,  
d iabases ,  and multiple sheeted  dykes  observed by Anderson (1976) were not 
seen i n  t h i s   po r t ion  of the  bel t .  

Se rpen t in i t e  is the dominant  rock  type and charac te r izes  the belt, except 
i n  the  Serpentine Lake vicini ty   (Figure 1 )  where d i o r i t e  is abundant and 

and genet ic   re la t ionships  between these two rock  types are rmknown 
forms sub-paral le l   sheets  and lenses  up to 250 metres i n  width. The age 

because  their   rarely  observed  contacts are highly  sheared. 

The  Hozameen Group i n  the map-area cons i s t s  of p h y l l i t i c   a r g i l l i t e s  
i n t e r l aye red  with both massive and ribbon  cherts.  They have been 

other  than  the  r ibbon  layering i n  the   cher t s ,  no sedimentary  structurces 
subjected to intense  deformation and lower greenschis t  metamorphism, ,and 

have  been p o s i t i v e l y   i d e n t i f i e d .  Some s c h i s t o s e   a r g i l l i t e s   c o n t a i n  high- 
l y  deformed clasts, but it is uncertain  whether  these  represent sedimen- 
t a r y  or tectonic  features.   Elsewhere,   the Hozameen  Group includes spil- 

and p l i t e s  (Daly, 1912; Cairnes, 1924; McTaggart  and 'Ihompeon, 1967; 
l i t i c  basal ts   (greenstones)  and  minor l imestones  inter layered  with  cher ts  

Monger, 1970). Monger (1975) i n t e r p r e t s   t h e  group as a supracrus ta l  
oceanic  sequence  of  possibly h iass ic  or pre-Triassic age. 

The Ladner Group (Cairnes,  1924) cons i s t s  of a thick  sequence of f ine-  
grained,  poorly bedded, b l a c k   s l a t y   a r g i l l i t e s  and  well-bedded,  grey- 
co loured   s i l t s tones  w i t h  minor  amounts  of coarse   c las t ic   sedimentary 
rocks. Most outcrops show evidence of low grade metamorphiam with the 

t h e   o r i g i n a l  sedimentary s t r u c t u r e s  are c l e a r l y  preserved. Graded  bed- 
imposit ion of a w e a k  to in tense   s la ty   c leavage ,  but   in  many ins tances  

ding is commonly observed i n  t h e   s i l t s t o n e s  and coarse clastic un i t s ,  
while  other,  less common, sedimentary  structures  present  include  cross- 
bedding,  ripple  marking,  scouring, flame, load cas t ,  ball  and pillow 
s t ruc tu res ,  and chaotic  slumping. Graded  bedding and scour   s t ructures  

including  those  hosting  the  gold  mineralization a t  Carolin mine, are 
i n d i c a t e   t h a t  most Ladner Group rocks  adjacent to the  Serpe,ntine B e l t ,  

s t ruc tura l ly   inver ted   (F igures  3 and 4 ) .  

A broad  stratigraphic  sequence is recognized in the  Ladner Croup 

assortment of coarse  clastic,   partly  volcanogenic,   sedimentary  rocks,  
cons i s t ing  of a th in ,  lowermost uni t   charac te r ized  by a heterogeneous; 

bedded s i l t s t o n e s .  These are overlain i n  turn by a thick  uni t  of very 
tha t   pass  upwards i n t o  a th i cke r  sequence  of f i n e  to medium grained v e l 1  

fine-grained,  organic,  and i r o n - r i c h   a r g i l l i t e s   ( F i g u r e  5 ) .  The lower 
clastic unit   hosts  the  Carolin  gold  mineralization; it includes 

poss ib l e  reworked tuffs   with  intervening u n i t s  of a r g i l l i t e  and f i n e l y  
discontinuous wedges of qreywacke, l i t h i c  wacke, conglomerate,  and 

bedded  volcanogenic  siltstones.  Pebbles of volcanic   or igin are common 
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with  lesser  amounts  of  quartz,  jasper,  and  chert;  one  extensive 
conglomerate  unit  contains  fragments  of  limestone  that  are  derived  from 
an unknown  source.  Cochrane,  et  al. (1974) mentions  possible  welded 
tuffs  and  volcanic  bombs  in  the  lowermost  section,  while  Anderson (1976) 
notes  the  presence  of  'serpentine  (clasts)  recognizably  derived  from 
Coquihalla  Belt  rocks'  but  these  observations  were  not  verified  in  this 

progressive temporal change from shallow to  deeper  water  conditions.  The 
study.  The overall upward fining of  the Ladner  Group  suggests  a 

initial  rapid  and  chaotic  deposition  of  near-shore  clastics  was 
superceded by early  siltstones  (proximal  turbidites)  and  later  argillites 
(distal  turbidites). 

The  Ladner  Group  overlies  a  volcanic  greenstone  (Figure 5) of  unknown 
age,  whose  relationship  to  the  other  major  rock  units  in  the  area  is 
controversial (see Discussion).  Consequently,  the  greenstone  is  pro- 
visionally  separated  from  the  Ladner  Group  (Figures 1, 2, and 5 ) .  This 

eastern  side  of the  Hozameen fault,  and  now  structurally  overlies  the 
greenstone  unit can be traced discontinuously  for 13 kilometres  along  the 

Ladner  Group  because  of  the  regional  tectonic  inversion.  Thus,  its 
thickest  development,  up  to 400 metres  in  outcrop  width,  occurs  on  higher 
ground,  while  along  the  bottom  of  the  Ladner  Creek  valley,  south of 
Carolin  mine  the  unit  disappears,  and  the  Ladner  Group is in  faulted 

is  a  highly  altered,  fine  to  medium  grained  rock  of  probable  andesitic 
contact  with  the  Coquihalla  Serpentine  Belt  (Figure I). The greenstone 

composition  (Cairnes, 1924) .  Outcrops  vary  from  massive  to  very  weakly 
layered  and,  in  places,  excellent  pillow  structures  are  preserved  with 

Many  greenstone  outcrops  contain  numerous  dark  green  angular  fragments, 
some  interpillow  breccias,  which  in  one  instance  include  chert  clasts. 

in  a  lighter  green  matrix  which  could  represent  evidence  of 
autobrecciation  within  the  lavas.  Some  greenstones  north of Carolin  mine 
also  show  evidence  of  tectonic  brecciation  and  shearing  (Shearer,  pers. 
COmm.) . 
greenstones  are separated by a  fault whereas further south the contact 
I n  the  vicinity of  the  Emancipation mine,  the Ladner Group and the 

appears  to  represent an unconformity.  Near  the  junction  of  Dewdney  Creek 
and  the  Coquihalla  River,  the  pillowed  greenstones  are  overlain  directly 
by  finely  laminated,  volcanogenic  siltstones  of  the  Ladner  Group,  but 
northeast  of  Serpentine  Lake  the  contact  is  marked by a  coarse 
conglomerate  varying  from 1 to 200 metres  in  outcrop  width  (Figure 1 ) .  

A variety  of  intrusive  rocks  cut  the  Ladner  Group.  East  of  Ladner  Creek 
the  metasediments  are  intruded by the  Needle  Peak  Pluton  which  has  been 
dated  at 39 Ma by K-Ar methods  (Monger, 1970). The  metasediments 

metamorphic  aureole  up  to 0.75 kilometre  wide,  which  is  marked  by  the 
adjacent  to  this  granodiorite  body  are  characterized by a  thermal 

growth  of  biotite  and  cordierite. 

Other  intrusive  rocks  within  the  Ladner  Group  are  broadly  separable  into 
granitic  and  mafic  types.  The  latter  form  dykes,  sills  and  sub-rounded 
masses up to 0.3 kilometre  in  width  that  comprise  a  highly  varied  suite 
ranging  from  leucogabbroic  to  ultramafic  rocks  (Figure 1 ) .  Granitic 
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intrusive  rocks  form  narrow  dykes  and  sills  generally  less  than 10 metres 
wide  that  have  been  mapped  as  either  quartz  or  feldspar  porphlyries;  the 
latter  are  locally  of  syenitic  composition  (Cairnes, 1924). Some  dykes 
contain  disseminated  pyrite  and  arsenopyrite  and  are  cut by quartz 
veining;  Cairnes (1924,  1929) considered  these  bodies  to  be  genetically 
related  to  some  of  the  reef-hosted  gold  in  the  district. 

GEOLOGY  AND  STRUCTURAL  HISTORY  OF  THE  CAROLIN  MINE  VICINITY 

The  surface  geology  around  the  Carolin  mine  is  shown  on  Figun? 2 and  the 
structural  history  of  the  area  summarized  on  Figure 6 and  in  'Table 1. 
The  Hozameen  Fault  dips  steeply  northeast,  and  detailed  geOlO'giCa1 
sections  across  the  mine  area  reveal  that  most  of  the  stratigraphic 
sequence,  including  that  hosting  the  gold-bearing  Idaho  Zone,  is 
structurally  inverted  (Figures 3 and 4). After  this  early F1 tectonic 
overturning,  the  supracrustal  rocks  were  deformed by the F2 folding andl 
overprinted by a  weak  to  intense  slaty  cleavage  which  forms  the  d0minan.t 
tectonic  foliation  in  area.  Thus,  the  slaty  cleavage  was  imposed on 

occurred,  particularly  along  the F2 fold  axial  planes  and  limbs. An 
inverted  beds.  Several  generations  of  fault  movement  subsequently 

early  phase  of  fault  shattering  appears  to  be  spatially  related  to 

or  feldspar  veining  and  pervasive  sulphide  mineralization  (Figure 4). 
several  zones  of  alteration  which  are  marked by either  quartz,  calcite, 

phase  of  generally  normal  faulting  which  post-dates  and  displaces  the 
However,  most  of  the  fractures  shown  on  Figures 3 and 4 belong  to  a  lat.er 

earlier  alteration  zones.  The  Idaho  Zone  (Figure 4), 150 metres  east  of 
the  Hozameen  fault,  forms  the  largest  surface  exposure  of  alteration  and 
is the  only  one  to  date  in  which  economic  gold  mineralization  has  been 
found.  At  a  cut-off  grade  of 0.05 ounce  per  ton  gold  it  appears to form 
an irregular,  steeply  inclined  ore  body  approximately 35 metres  wide, 1100 
metres  deep,  and  over 300 metres  in  length  which  is  still  open  down 
plunge  (R.  Niels,  pers.  comm.).  The  deposit  passes  upward  into 
unmineralized  chloritic  schists,  and  the  top  of  the  ore  zone  plunges 
gently  northward  at  approximately 25 degrees (W. Clarke,  pers.  comm.). 

plagioclase ( A I I ~ - ~ ) ,  carbonate,  chlorite, pyrrhotite,  arsenopyrite,  and 
The  predominant  mineral  assemblage  in  the zone  comprises  quartz, 

pyrite;  other  rarer  opaque  minerals,  in  decreasing  order  of  abundance, 
include  magnetite,  chalcopyrite,  bornite,  and  gold  (Kayira, 1975). In 
outcrop,  the  zone  is  characterized  by  abundant  sulphides,  intense 
hydrothermal  alteration  which  weathers  to  give  a  distinctive  black  or 
grey-coloured  rock,  and  a  multi-stage  network of quartz,  calcite  and 
albite  veining. Many veins  are  orientated  parallel  to  the  slaty 
cleavage,  demonstrating  that some alteration  in  the  Idaho  Zone  post-dat.es 
the  main  F2  structural  event.  Mineralization  involved  the  spasmodic 
introduction  of  silica,  carbonate,  Na, Fer Cu,  As, Mo, Sb,  and  Au,  and 
Table 2 shows  the  results  of  some  trace  element  analyses  completed  on 
fresh,  underground  samples  collected  from  mineralized  and  unmineralized 
portions  of  the  Idaho  Zone.  Cochrane  (pers.  comm.)  notes  that  soils  over 
the  surface  exposures  of  the  Idaho  Zone  contain  anomalous  mercury  value!s, 
but underground  ore  samples  (Table 2)  show  no  significant  enrichment  in 
this  element.  Thus  a  vertical  zoning  of  mercury  could  exist in the 
deposit. 
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F igure 6. Postulated  evolut lonary  h istory of the  Coquihalla  Serpentine  Belt: 

( 1 )  pre-Trlasslc to   T r l ass l c   depos i t i on   o f   t he  tbzameen  Group (HG) 

oceanlc  supracrustal  rocks  (bnger, 1975). Jurassic  (Calrnes, 
1924; Coates. 1974) deposit lon of the Ladner Group  (LG) arc  trench 
gap sediments  onto ocean volcanic  rocks (Anderson, 19761. IX = 
oceanlc  crust; OV = oceanic  volcanic  rocks. 

Manning Park  area  (hates, 1974); E = present  erosion level i n   t h e  
serpentinized ocean crust  causlng F1 s t ruc tura l   invers ion   in   the  

Carol i n  mine  area. 

(21 eastward  overthrusting of the  tbzameen Grwp  along a horlzon  of 

(3) F 2  fo ld lng   resu l t i ng  I n  a steepenlng of a l l  un i ts   inc lud ing   the  
Coquihalla  Serpentine  Belt (CSE), wi th  later  developnent of the  
Hozameen f a u l t  ( H F I .  035 = Dewdney Creek Series  (Cairnes, 1924). 
NOTE: Gran i t i c   p lu tons   a i t t ed ;   l eng th  of sect ion 3 approximately 
15 k i   I m t r e s .  
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The  eyact  controls  of  mineralization  are unknown. Clarke  (pers.  corn.) 

preferential  enrichment  of  the  more  brittle,  coarse-grained  sediments  and 
notes  that  selective  replacement has occurred  in  the  ore  zone  with 

a  tendenc'y  for  less  mineralization  to  be  present  in  the  finer  grained 
argillites.  Detailed  surface  mapping  indicates  that  the  Idaho  Zone  is 

noteworthy  that  the  top of the  ore  zone  and  the F2 fold  axes  both  have 
located  close  to  the  disrupted  limb  of  an F2 fold  (Figure 4)  and  it  is 

very  simi'.ar  plunges.  Consequently,  the  Idaho  Zone  is  believed to 
represent  an  epithermal  replacement  deposit  (Kayira, 1975) that was laid 
down  alonq  a  high-angle  reverse  fracture  of  late F2 age  (Figure 7 ) .  
The  presence of carbonaceous  metasediments  adjacent to the  orebody 
(Cochr,me, et  al., 1974: Kayira, 1975) could  also be significant. 

movements  and later  provided  a  favorable  reducing  geochemical  environment 
InitiaLly  this incompetent  horizon  may  have  localized  the  reverse  fault 

West East 

Figure 7. Postulated development of the Idaho Zone, Carolin  nlne. 
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for  the  deposit ion of sulphides and gold when hydrothermal  solutions 
passed up the  fracture  (Figure 7 ) .  This   postulated  l i thostructural  
con t ro l  of the  gold  mineralization may help  outline  underground  exten- 
s ions of the  Idaho Zone and assist explorat ion  for  similar daposi ts  i n  
the region.  Subsequent to gold  emplacement, l a t e  normal faul-tin9  rejuve- 
nated  the  mineralized,  pre-existing  fracture zone.  This  intense  late 
f au l t i ng   cu t   t he  orebody (R. Niels, pers. comm.) but  apparently  played no 
ro le  i n  ore  genesis  (Figure 7 ) .  

DISCUSSION 

The pillowed  volcanic  greenstones which separate  the Ladner Group from 
the Hozameen f a u l t  i n  the  Carolin mine area  are  a problematic  unit  
because  the  fol lowing  s t ra t igraphic   re la t ionships  are possib:Le: 

( 1 )  They could form p a r t  of the  oceanic  supracrustal Hozamf?en  Group a s  
suggested by Cairnes (1924). However, t h i s  seems unlikely  because 
they  are  separated by the  fault-bounded  Coquihalla  Serpntine B e l t ,  
which has probably been the  locus of  major tec tonic  movements. 

( 2 )  They could  belong to the  Coquihalla  Serpentine B e l t ,  a possible  
oceanic  crustal  assemblage,  as  advocated by Anderson ('1976). This 
i n t e rp re t a t ion  would sugges t   tha t   re la t ive ly  minor movements 
occurred  along  the Hozameen Fault ,  and that   the  Ladner Group 
unconformably  overlies an older  oceanic  volcanic  basement.  This 
p o s s i b i l i t y  is indirectly  supported by observations  in  the 
Emancipation mine area where the  volcanic  rocks  are  intruded by 
dior i te   bodies   (Cairnes ,  1924,  1929) t h a t  bear a supe r f i c i a l  
resemblance to dior i tes   within  the  Coquihal la   serpent ine B e l t  
(Cardinal,  pers. comm.), while these   in t rus ives  have not been 
observed  cutting  the  Ladner Group. Furthermore, no proof ex is t s  
t h a t  volcanism  occurred  during  the Ladner Group sedimentation i n  
t h i s   a r ea ,  and the volcanogenic  character of the  coarsely clasti,?, 
lowermost  sediments may merely reflect the i r   e ros iona l   der iva t ion  
from  an older  volcanic  terrane.  

( 3 )  The greenstones may have no genet ic   re la t ionship  with any rocks 
west of the Hozameen f a u l t ,  and instead  represent   the :Lowest 
exposed  portion of the  Ladner Group, as suggested by Cochrane 
(pers .  comm.). I f   t h i s  is correct,  the  volcanic-sedimentary 
unconformity is  probably of r e l a t i v e l y  minor  importance!. 

Deta i led   s t ruc tura l  mapping along  the  Coquihalla  River  suggests  that  the 
volcano-sedimentary  sequence  between  Ladner  Creek and the Hoxameen f a u l t  
occupies the inverted  limb of a major F1 synform which is overturned b, 
t he   ea s t  and  whose ax ia l   t race   p robably  lies along  Ladner  Creek (Figurce 
6 ) .  Further  southeast ,  i n  Manning Park,  the  Coquihalla  Serpentine Belt 

adjacent  t o  the Hozameen f a u l t  (Coates, 1974).  Thus,  the  tectonic 
is absent and the  Ladner Group forms an essent ia l ly   upright   sequence even 
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inversion of the L3dner Group appears to be s p a t i a l l y   r e l a t e d  to the 
Coquihalla  Serpentine Belt rather  than  the Hozameen fau l t .   This  raises 
t h e   p s s i b i l i t y  that the belt and the F1 recumbent  folding  share a 
gene t i c   r e l a t ionsh ip .  One possible   explanat ion is that  the  Coquihalla 
Serpentine Belt or ig ina ted  as a th in ,   sub-hor izonta l   un i t  of obducted 

direct ion  (Figure 6). Serpentinization  presumably accompanied t h i s  
oceanic  crust   over which the Hozameen Group w a s  t h r u s t   i n  an e a s t e r l y  

movement w i t h  the b e l t  forming the lubricated,   sub-horizontal  sole below 
a nappe s t ruc tu re  whose eas t e r ly   t r anspor t   r e su l t ed   i n   t he  F1 t ec ton ic  

would explain  the absence of a F1 t ec ton ic   fo l i a t ion   i n   t he   I adne r  
inversion of the underlying Ladner Group (Figure 6).  This mechanism 

Group which was probably   un l i th i f ied  and not  deeply  buried  during  this 
overturning  event.  Subsequent F2 deformation  caused a re fo ld ing  of the 
F1 synformal  structure  (Figure 6) and steepened  the  Coquihalla 
Serpentine B e l t  i n t o  its present   sub-vert ical   posi t ion,  as suggested by 
McTaggart and Thompson (1967) and  Anderson (1976). This model implies 
t h a t  major tectonic  dislocations  occurred  along  both  margins of the  
Serpentine Belt and tha t   t he  Hozameen f a u l t  is a late, normal  and 
r e l a t i v e l y  minor f r ac tu re   l y ing   c lose  to one of the   ear ly   th rus t   p lanes  

se rpen t ine   be l t s  i n  the  region may a l s o  represent  obducted  oceanic 
(Figure 6).  I f  t h i s   i n t e r p r e t a t i o n  is correct, other  'Alpine-type' 

ma te r i a l  marking ea r ly ,   r e fo lded   t h rus t  zones. 

CONCLUSIONS 

The Carol in  mine orebody  (Idaho Zone) is hosted i n  a s t r u c t u r a l l y  
inverted  sequence of Iadner Group sedimentary  rocks, close to t h e i r  
faul ted  contact   wi th  the Coquihalla  Serpentine B e l t .  

The Idaho Zone represents  hydrothermal  replacement  mineralization  that  
involved  the  mult is tage  introduct ion of s i l i ca ,  carbonate,  Na,  Ek, As, 
Mo, Sb, Cu, and Au. 

Mineral izat ion was emplaced a long   an   ear ly   reverse   fau l t   tha t   occupies  
the  disrupted limb of an  overturned  fold.  Incompetent  carbonaceous 
sedimentary  rocks  lying  close to the ore  zone may have loca l ized  the 
r eve r se   f au l t i ng  and geochemically  controlled the subsequent  gold 
mineral izat ion.  

The widespread tectonic inversion of the Ladner Group appears to be 
s p a t i a l l y  and gene t i ca l ly   r e l a t ed  to the  Coquihalla  Serpentine Belt. The 
Belt could  represent   oceanic   crust   that  was obducted and serpent in ized  
dur ing   eas te r ly   d i rec ted ,   subhor izonta l   th rus t ing .  These mvements 
caused the s t ruc tu ra l   i nve r s ion   i n   t he  Ladner Group and subsequent 
folding  steepened  the belt i n t o  its present   sub-vert ical   posi t ion.  
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