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I N T R O D ~ I O W  

one of the  oldest   gold-producing  regions i n  Canada (Suther land mown, 
The Cariboo  area i n  s o u t h e a s t e r n   c e n t r a l   R r i t i s h  Co1umbj.a (Fig.  107) i s  

sed imen ta ry   s t r a t a  of t he  Cnnineca Belt. T r i a s s i c   v o l c a n i c   s t r a t a  i n  t he  
1957).   Gold-bearing  quartz  veins  occur i n  Hadrynian t o  Cambrian meta- 

adjacent   Intermontane Belt also  host   quar tz-gold  veins .   Galena-lead 
i so tope   da t a  were obtained from veins  i n  both  terranes  (Fig.   107)  i n  
order   to   de te rmine  any gene t i c   r e l a t ionsh ip   t ha t   migh t   ex i s t   be tween  
them. Galena was a l s o   c o l l e c t e d  and analysed  from  stratiform and vein 

No. 4 2 7 ) ,  t o   i n v e s t i g a t e  t h e   p o s s i b i l i t y   t h a t   a t   l e a s t  some of the 
type   minera l iza t ion  i n  t he  Mosquito  Creek  Gold  mine  near  Wells  (Fig.  107, 

minera l iza t ion   there   might  be syngenetic.  K / A r  d a t e s  were ob ta ined   fo r  
muscovite  from a quartz-bar i te   vein  associated  with  the  Cariboo Gold 
Quartz mine, and fo r   r eg iona l ly  metamorphosed p h y l l i t e .  

Locations of galena  and K/Ar samples  are shown on Figure 107 ,  and 
a n a l y s e s   a r e   l i s t e d  i n  Tables 1 and 2. Most ga1e.m samp1e:s were 
c o l l e c t e d  by D. Klepacki and R. Cook. Mosquito  Creek ,and Cariboo Gold 
Quartz  samples were co l l ec t ed  by the  author ,  and P i n  Money samples  were 
c o l l e c t e d  by B. P r i c e  and C. I. Godwin. Most lead   i so tope   ana lyses  were 
by Q. D. Ryan. For these analyses   galena was d isso lved  i n  hydrochlor ic  
a c i d  and t h i s   s o l u t i o n  was purified  using  anion  exchange  columns and 
electrodeposi t ion.   Samples ,   loaded  using  the  s i l ica   gel-phosphoric   acid 
technique, were analysed on a 30-cent imetre ,   sol id  sourl2e mass spectro-  
meter in  the  Department of Geophysics and  Rstronomy.  Analyses of P i n  
Money, Cariboo Gold puar tz  and t b s q u i t o  Creek samples w,3re by A. Andrew 
who fol lowed  s imilar   chemical   separat ion and loading  te 'zhniques  but  did 
t h e   a n a l y s e s  on a V. G. Micromass 54R mass spectrometer  i n  the  Department 
of Geological  Sciences.  K / A r  da t e s  were determined by J. Harak.al  and 
K. S c o t t  (see Table 2 ) .  

GE0Ux;Y 

T r i a s s i c   a n d e s i t i c   v o l c a n i c   r o c k s  of the  Intermontane Belt are   juxtaposed 
a g a i n s t   P r o t e r o z o i c   t o  F a r l y  Paleozoic   metasedimentary  s t ra ta  of the 
Omineca Belt (Fig.   107) .  The boundary is thought   to  be a low-angle, 
southwesterly  dipping  thrust   fault   (Klepacki,   persona:l   communication, 
1981;  Fees,  1981) , East  of t h i s  boundary  the  Protero::oic  to  Cambrian 
Kaza and  Cariboo  Groups  are made up of conglomerates,   ark.osic  and  quartz- 
ose   sands tones ,   sha les  and carbonate  rocks  (Campbell, e t  a l . ,  1972; 
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1972).  The Snowshoe Formation  (Sutherland Brown, 1963) is equ iva len t   t o  
t he  Kaza Group (Campbell, e t  dl., 1972;   Struik,   1981a) .  Kaza  Group  and 
Cariboo Group rocks  are  overlain  unconformably by rocks of the  Black 

b recc ia s   w i th  bwer Devonian f o s s i l s   a t   t h e i r   b a s e   ( C a m p b e l l ,  e t  
S t u a r t  Formation,  which  are  dark a r g i l l i t e s  and c h e r t  and dolomite 

dl., 1972;   Struik,   1979) .   Mississ ippian  volcanic   and  sedimentary 
rocks  of the Cuyet Formation  unconformably ove r l i e   t he   B lack   S tua r t  

age  intrude  the  Cariboo Group  and a r e  known as   the  Proserpine  dykes 
Formation.   Several   minor   ankeri t ic ,   acidic   dykes of pre-Mississ ippian 

(Suther land  Brown, 1957).  

West of  the  boundary, Wiassic v o l c a n i c   s t r a t a  of the  Intermontane Belt 
a re   p redominan t ly   andes i t i c  and  have  been  interpreted  as   arc- type 
volcanic   rocks (Monger, et dl., 1972) .   Severa l   in t rus ions   occur   wi th in  

Cariboo Bell and Mi tche l l  Bay porphyry  deposits  also  have  180 Ma K/?u 
t h i s   b e l t ,  and  most  have J u r a s s i c  K/M ages  of  approximately  180 Ma. me 

ages   and   a r e   au r i f e rous  (Hodgson, et  dl., 1976;  Schink,  1974). 

Quartz-gold  veins   that   occur   within  the Snowshoe Formation  contain 
g a l e n a ,   s p h a l e r i t e ,  free g o l d ,   s c h e e l i t e ,  and l o c a l l y   p y r r h o t i t e   o r  
a r senopyr i t e .  All these   ve ins   conta in   impor tan t   va lues  i n  s i l v e r .  Ve ins  

sphalerite; sulphide  minerals   are   mainly  galena and cha lcopyr i t e .  
t h a t   o c c u r  i n  t h e   T r i a s s i c   s t r a t a   d i f f e r  i n  t ha t   t hey   l ack   s chee l i t e   and  

CARIB00 GOLD QUARTZ VEINS 

OMiNECA  BELT 
METASEDIMENTARY 

ROCKS 

INTERMONTANE 

TRIASSIC VOLCANICS 

F i g u r e  107. Locat ions  of   gold  deposlts  t rom  whlch  gaien&iead  isotope  analyses  were 
o b t a i n e d   ( r e f e r   t o   T a b l e  1 f o r   d e p o s i t  names). K/Ar analyses *re obtained 
f r m  a vein  and  phyi lite near  CG. The I ine d i v i d i n g   t h e  Omlneca  and 
intermontane b i t s  i s  probably a g e n e r a l l y   w e s t d i p p i n g   t h r u s t .  C I s  
C a r i b x B e i i  porphyry  deposlt ,   andM Is M l t c h e i i  Bay  porphyry  deposlt. 
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LEAD IS-E DATA 

Lead-lead  plots  of the  data   (Table  1 )  from  each of the   depos i t s   (F ig .  
107)   are  shown on Figure 108. "he Cmnineca Belt d a t a  forms a s ing le   g roup  
( C l u s t e r  1 )  , which p l o t s  above  but   c lose  to   the  ' shale   curve '   of   tadwin 
and  Sinclair   (1982) ,   but   markedly  above  the  average  crustal   curve of 
Stacey and  Kramers (1975);   both o€ these model curves   are  shown €or 
r e fe rence  on Figure 108. Data from s t r a t i f o r m   m i n e r a l i z a t i o n   a t   t h e  
Mosquito  Creek mine p l o t  w i t h i n  C lus t e r  1. 

Vein  leads from T r i a s s i c   v o l c a n i c  rocks a r e  less radiogenic  than  those of 
t h e  Cmnineca Belt, p l o t t i n g  below  the  'shale  curve'  on Figure 108. n u s  
t h e y   a r e   d i s t i n c t l y   d i f f e r e n t  from C l u s t e r  1 .  
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Figure  108. 207Pb/20+b  versus  206pb/204b p l o t  of galena  analyses frm 
C a r l b o o a n d   a d j a c e n t   I n t e r n o n t a n e B e l t   g o l d   d e p o s i t s ,   ( T a b l e  1) .  
S w b o l s   a r e   t h e  same as  those of F l y r e  107. 
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DISCUSSIOW 

Coincidence  of  Cluster 1 (F igs .  108 and 109) w i t h  the   ' sha le   curve '  model 
s u g g e s t s   t h a t  a model  age  can be g iven   t o  the gold   minera l iza t ion   event .  
I f   t he   ' sha l e   cu rve '  model app l i e s ,  it a l s o  implies tha t   t he   sou rce  of 
the   l ead ,  and by inference  gold,  is upper crustal, since t h e   ' s h a l e  
curve '  represents l ead   evo lu t ion  i n  a s i a l i c ,  upper crustal environment 
(Gcdwin  and S i n c l a i r ,  1982) . 
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F l y r e  109. 20+b/20dpb versus 206pb/20dpb p l o t  of galena  analyses 
f r m C a r l b o o   a n d   a d j a c e n t   I n t e r m o n t a n e   B e l t   g o l d  
deposlts (Table 1). Syrnbols a r e  t h e  same as those o f  
F l y r e  107. 
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J u s t i f i c a t i o n   f o r   u s i n g   t h e   ' s h a l e   c u r v e '  model i n  th i s ;   par t  of the 
Omineca Belt comes  from four  l i n e s  of evidence: 

Lead d a t a  from Su l l ivan ,  which is i n  the   southern  Cnnineca Belt, were 
used i n  the cons t ruc t ion  of the  curve. 

wi th   the  Selwyn bas in  and Cassiar   plat form  of   northern  Bri t ish 
S i m i l a r i t i e s  i n  the  geology  of  the  Barkerville-Cariboo  River  area 

Columbia  and  the Yukon have  been  noted  (Struik, 19811s). Therefore 
although  most of the  lead  data   used i n  t he   cons t ruc t ion  of  the 

have s i m i l a r   c h a r a c t e r i s t i c s .  
' sha l e   cu rve '  were  from the Selwyn basin,  Cmineca Belt lead  should 

f ie  provenance  of  sedimentary  rocks i n  the Omineca Belt is e s s e n t i -  

both  autochthonous  terranes which  formed a t   t h e   w e s t e r n  1nargi.n of 
a l l y   t h e  same a s   f o r   t h o s e  i n  t he  Selwyn sha le   bas in ,   s ince   they   a re  

the   Nor th  American craton.   Therefore   s imilar   geochemical  and iso-  
t o p i c   c h a r a c t e r i s t i c s   a r e   t o  be expected  for  t h e  Selwyn basin and 
Omineca B e l t .  

have  lead  isotopic  compositions which f a l l  on the   ' sha le   curve ' ,  
Stratabound  carbonate-hosted  deposi ts  from the  Carj .boo  area  also 

giving  ages  which  agree  with  the Cambrian  age of t he i r   hos t   rocks .  

g e n e t i c   a s   c r o s s c u t t i n g   b o d i e s  i n  carbonate   rocks  (Holbek,   personal  
These  deposi ts   (Maeford Lake and Cornin Zhro' Bea r ) , ,   c l ea r ly   ep i -  

communication,  19821,  are  probably  only  slightly  your,ger  than the i r  
hos t   rocks .  Some epigenet ic   carbonate-hos ted   depos i t s  i n  t he  Yukon 
can   apparent ly  be dated  with  the  'shale  curve'  model  (Godwin, et 
a1  ., 1980) .   Therefore   carbonate-hos ted   depos i t s   a l so   suppor t   the  
hypo thes i s   t ha t   t he   ' sha l e   cu rve '  model i s  gene ra l ly   app l i cab le   t o  
the Omineca B e l t .  

The ca lcu la ted   age   for   the   go ld   minera l iza t ion   event  i s  185 Ma according 
t o   t h e   ' s h a l e   c u r v e '  model, b u t   t h i s  is only accura te  to   approximate ly  50 

morphosed p h y l l i t e   g i v e s  an  age of 1 7 9 k 8  Ma (Table 2) which is  i n t e r -  
Ma (Godwin  and S inc la i r ,   1982) .  K/Ar da t ing  of a reg iona l ly  meta- 

p re t ed   a s   be ing  the age of the l a t e s t  metamorphism. T h i s  agrees w i t h  
p rev ious   es t imates   for   the  age of  metamorphism by Pigage (1977)  and 
Wanless, et dl. (1965) .  Struik  (1981b)  suggests t h a t  metamorphism 

metamorphic  and  mineralization  ages  suggest  that   the v e i ~ ~ s  may be syn- 
occurred  during  the  Middle  Mesozoic  Columbian  orogeny.  Similarity i n  

metamorphic, r a t h e r   t h a n  magmatic i n  o r ig in .  

A t  l e a s t   t h r e e   p h a s e s  of   veins   are   present  i n  t h e  Cariboo Gold Quartz 
mine, and no t   a l l   ve in   phases   a r e   go ld -bea r ing  ( F .  Beacmann, ,personal 
communication,  1981).  Muscovite from  one quar tz -bar i te   ve in   y ie lded  a 
K/Ar model age  of  141+5 Ma (Table 2 ) ,  which is  the same  a!; ages  obtained 
fo r   pos t - t ec ton ic   g ranod io r i t e   p lu tons   sou theas t  of the  area  (Pigage,  

r e l a t e d   d i s t a l l y   t o   p l u t o n i c   a c t i v i t y .  Although  none a r e  seen i:? the 
1977) .  Thus a t   l e a s t  one s e t  of veins i s  pos t - t ec ton ic  and m y  be 

veins  are  synmetamorphic  or  magmatic i n  or igin  does  not  a l t e r   t h e  
immediate  area  of t h e  mine, p lu tons  may be p r e s e n t   a t   d e p t h .  Whether the 
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conc lus ion   t ha t  most  of t h e  lead  and  gold  were  derived  from  the  host 
r o c k s ,   e i t h e r  by l a t e r a l   s e c r e t i o n   d u r i n g   r e g i o n a l  metamorphism  (Boyle, 
1979) .   o r  by h y d r o t h e r m a l   a c t i v i t y   r e l a t e d   t o  magmatism. 

Lead i so tope   da t a  from s t r a t i f o r m   m i n e r a l i z a t i o n   a t   t h e  Mosquito  Creek 
Gold  mine a r e   i n d i s t i n g u i s h a b l e  from those  of the  quartz-gold  veins  of 

o r   o l d e r  and the   mine ra l i za t ion  is Mesozoic,  the  difference  between  syn- 
C l u s t e r  1 (Figs.   108  and  109).   Since  the Snowshoe Formation is  Paleozoic  

g e n e t i c  and e p i g e n e t i c   l e a d  would be r e a d i l y   d i s t i n g u i s h a b l e  by lead  
i so tope   ana lyses .  The lead  from  Wsquito  Creek is c l e a r l y   e p i g e n e t i c  
based on lead  isotopic   composi t ion.  

Lead i s o t o p i c   c h a r a c t e r i s t i c s  of  quartz-gold  veins i n  T r i a s s i c   s t r a t a   a r e  
d i s t i n c t l y   d i f f e r e n t  from  those of t h e  Cmineca Eelt depos i t s   (F igs .  108 
and l o g ) ,  i n d i c a t i n g  a fundamental   d i f ference i n  the  source  of   lead  (and 
perhaps  gold)  i n  t hese   t ec ton ic  belts. Markedly d i f f e ren t   mine ra logy  
suppor t s   t he   hypo thes i s   t ha t   t he  two vein  types  have  lead  sources  which 
a r e   d i f f e r e n t  and  unrelated.  
s chee l i t e -bea r ing  v e i n s  i n  t h e  Snowshoe Formation  could  have  been  derived 

For  example, l i t h o p h i l e   t u n g s t e n  i n  

f r o m   t h e   s i a l i c   h o s t   r o c k s ;  i t s  absence  from  veins i n  t he  more mafic 
Intermontane Belt is  t o  be expected on chemical  grounds if the  veins  have 
a h o s t  rock source. Thus, the d i f f e r e n c e s   i n  the l ead  isotopes can be 

ments.  Figure 110 shows d a t a  from t h i s   s t u d y   p l o t t e d  wi th   Insu lar  Belt 
a t t r i b u t e d   t o  growth of lead  i n  d i f f e r e n t  uranium  and thorium environ- 

d a t a  from Andrew, et dl. (1982)   t o   d i sp l ay   t he   con t r a s t   be tween   t hese  
th ree   d i f f e ren t   l ead   p rov inces .   In t e rmon tane  Belt lead  is more l i k e   l e a d  
from the   Insu lar  Belt than  lead  in   the Omineca B e l t .  

COMPARISON OF OMINECA AND INSULAR BELTS 
GALENA-LEAD ISOTOPE  RATIOS 

158 - 
100 Ma? 

16.7 - 
P 
0. 

5 : 
I56 INSULAR BELT 

GOLD VEINS 

DEPOSITS 

155 
18.0 18.5 180 

2oePb1209b 
(P.5 

~l~~~ I!@. Conparison o t  onlneca,  Insular,  and  lnternwntane 
B e l t  galena- lead  Isotope  rat ios.   Tr iangles  represent 

on t h e  t l v e   c l u s t e r s   s h a n  mark s tandard   dev la t lon  
I n t e r r m n t a n e B e l t   d e p o s l t s  I n  T a b l e  1. E r r o r   b a r s  

o f   t h e   s u i t e   f o r   e a c h   c l u s t e r .  The t w o   g r w t h  
curves shown a r e   t h e   ' s h a l e '   c u r v e  (Todrin and 
S l n c l a l r ,  1982). and the   average   CrWfa I   Curve  
(Stacey  and  Kraners. 1975). 
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me age  of  mineralization  of the veins  i n  the Intermontane Belt is not  
known, b u t  is probably   Jurass ic ,  ca. 180 Ma, based on t he   p lu ton ic  
a n d   v o l c a n i c   a c t i v i t y   r e l a t e d  t o  auriferous  porphyry  de.posi ts  i n  t h i s  
par t  of the  Intermontane Belt. 

~ L U S I O l l S  

metasedimentary rocks  and i n  T r i a s s i c   v o l c a n i c  rocks   p rec ludes  d e r i v a t i o n  
T h e   d i f f e r e n c e  i n  i so top ic  c o m p o s i t i o n  o f   v e i n s   i n  Hadrynian  

o f   l ead  from  the same source ,   thus   ru l ing  o u t  t h e   p o s s i t l i l i t y   t h a t   t h e  
g o l d   i n  the Cariboo area was der ived  from the  Intermontane Belt. 
S i m i l a r i t y   i n   l e a d  isotopic composition of s t r a t i fo rm  ga l ena  from the 
Mosquito  Creek  deposit  with  galena from c lea r ly   ep igene t i c   qua r t z -go ld  
ve ins  i n  the Omineca Belt sugges ts  that  syngene t i c   mine ra l i za t ion  is no t  
present .  

Lead isotope and K/Ar evidence   ind ica te  that  the  age of mine ra l i za t ion  of 
t h e   h i n e c a  Belt quartz-gold  veins is f-hsozoic. Locaticm  of  Cluster 1 

lead  and  gold  have  an  upper crustal ,  host-rock source. The process  by 
(Figs.  108, 109. and 110) near  the ' sha le   curve '  model suqges ts t h a t   t h e  

which metals were mobilized from t h e i r   h o s t   r o c k s  i n t o  Ithe quartz-gold 
ve ins  was probably by l a t e r a l   s e c r e t i o n   d u r i n g   r e g i o n a l .  metamorphism. 

m i n e r a l i z a t i o n  ages, bu t  the p o s s i b i l i t y  that  the  veins  are related to 
S u p p o r t   f o r   t h i s   t h e o r y  comes f r o m   c o i n c i d e n t   m e t a m o r p h i c  a n d  

d i s t a n t   J u r a s s i c   p l u t o n s  is n o t  ruled  out   completely.  

A hos t - rock   soutce   for   the   go ld   in   quar tz -gold   ve ins   in   the   Tr iass ic !  arc- 
vo lcan ic   rocks  may explain  the  unradiogenic   nature  of t h e !  l e a d   i n   t h e s e  
veins.  
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