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1, AIMS OF STUDY 

The aims o f t h i s s t u d y have been: 

1. To a n a l y s e samples from the P r o t e r o z o i c c l a s t i c - h o s t e d 

S u l l i v a n Mine i n s o u t h e a s t e r n B.C. t o supplement a s m a l l amount 

of e x i s t i n g d a t a f r o m t h e SIROTOPE database and LeCouteui*, 1973. 

2. To dete r m i n e t a r g e t Pb i s o t o p e r a t i o s f o r S i l u r i a n - D e v o n i a n 

d e p o s i t s i n c e n t r a l Vancouver I s l a n d by a n a l y s e s of samples fr o m 

Westmin Resources B^uttle Lake d e p o s i t and t o compare o t h e r 

d e p o s i t s and p r o s p e c t s i n s o u t h e r n Vancouver I s l a n d w i t h t h i s 

t a r g e t v a l u e . 

3. To det e r m i n e t h e t a r g e t Pb i s o t o p e r a t i o s f o r v o l c a n o g e n i c 

massive s u l f i d e m i n e r a l i z a t i o n o f Upper Mesozoic age i n 

so u t h w e s t e r n B.C. as g i v e n by samples from the B r i t a n n i a Mine 

( l o c a t e d 60 kms n o r t h of Vancouver) and the N o r t h a i r Mine, and t o 

compare t h e s e w i t h o t h e r p r o s p e c t s h o s t e d by Gambier Group 

v o l c a n i c s . Some o f t h e s e p r o s p e c t s a r e thought t o be v o l c a n o g e n i c 

massive s u l f i d e s s i m i l a r t o B r i t a n n i a , a l t h o u g h some a r e l i k e l y 

t o be v e i n r e l a t e d . I t has a l s o been an i n t e n t o f t h i s s t u d y t o 

r e l a t e t h e presumed Lower T r i a s s i c N orth F o r k s p r o s p e c t t o t h e 

younger Gambier Group r o c k s . 

2. SAMPLES 

1. Samples from t h e S u l l i v a n Mine c o n s i s t e d of s i x p u l p s , f o u r 

r e p r e s e n t i n g m assive m i n e r a l i z a t i o n and c o n t a i n i n g > 9 wt % Pb, 

and two from a l t e r e d w a l l r o c k s (Table 1). 

2. Se ven p u l v e r i s e d samples w i t h v a r y i n g l e a d c o n t e n t s f r o m 

s e v e r a l h o r i z o n s i n t h e Mount S i c k e r p r o p e r t y were a n a l y s e d 

(Table ? ) . S i x m i n e r a l i z e d samples from two mines a t B u t t l e Lake, 

the Lynx and t h e HW Mines, p r o v i d e d m a t e r i a l f o r d e t e r m i n i n g 

t a r g e t Pb i s o t o p i c v a l u e s (Table 2 ) . 
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3. Two m i n e r a l i z e d samples from the N o r t h a i r Mine w i t h h i g h l e a d 

c o n c e n t r a t i o n s and f o u r samples from the B r i t a n n i a Mine p r o v i d e d 

m a t e r i a l f o r d e t e r m i n i n g t a r g e t Pb i s o t o p e v a l u e s (Table 3 ) . 

Samples from f i v e p r o s p e c t s h o s t e d by Gambier v o l c a n i c pendants 

w i t h i n the Coast Range B a t h o l i t h s and one p r o s p e c t h o s t e d by t h e 

Lower T r i a s s i c C h i l l i w a c k v o l c a n i c s a r e g i v e n i n T able 3. 

3 . TARGETS 

As has been n o t b d , a major i n t e n t i o n of t h i s work has been 

t o e s t a b l i s h i s o t o p i c t a r g e t s f o r P r e c a m b r i a n f P a l a e o z o i c and 

M esozoic m i n e r a l i z a t i o n i n the r e g i o n , A s m a l l amount of d a t a has 

p r e v i o u s l y been a v a i l a b l e f o r the S u l l i v a n d e p o s i t . A l s o , d a t a on 

Devonian SEDEX m i n e r a l i z a t i o n from the Selwyn B a s i n are a v a i l a b l e 

from SIROTOPE'S database as w e l l from Godwin and S i n c l a i r , 1982 

and Godwin e t a l . , 1982. 

T a r g e t e l l i p s e s a r e computer c a l c u l a t e d and drawn. They 

d e f i n e the mean + 2*SD of the t a r g e t d a t a . 

4. METHODS 

A l l samples were d i g e s t e d i n a 1:1 m i x t u r e o f 7N 

h y d r o c h l o r i c a c i d and 7N n i t r i c a c i d p r i o r t o i o n exchange and 

e l e c t r o p l a t i n g onto P t e l e c t r o d e s . The samples were a n a l y s e d on 

an ISOMASS 54E s o l i d s o u r c e thermal i o n i z a t i o n mass s p e c t r o m e t e r 

i n f u l l y automated mode. P r e c i s i o n e s t i m a t e s r e p r e s e n t i n g 2 

s t a n d a r d d e v i a t i o n s about the mean of over 700 a n a l y s e s o f 

s t a n d a r d s are shown i n the top l e f t hand c o r n e r of the F i g u r e s 

which f o l l o w . 

5. RESULTS 

1. Samples from the S u l l i v a n Mine. The f i v e high-Pb samples, 

r e p r e s e n t i n g massive m i n e r a l i z a t i o n and a l t e r e d w a l l r o c k s , f r o m 
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the S u l l i v a n mine (Table 4, F i g u r e s 1 and 2 ) , form as e x p e c t e d a 

homogeneous p o p u l a t i o n w i t h Pb i s o t o p e r a t i o s t h a t are t h e same 

as g a l e n a s p r e v i o u s l y a n a l y s e d . The s i n g l e low Pb sample 

( a n a l y s e d i n d u p l i c a t e ) i s more r a d i o g e n i c ( i . e . h i g h e r 

2 0 ^ p b / 2 0 A p b j = 5 o ^ P b / s o - * p b a n d 2 o e p b / a o 4 p t r a t i o s ) . The .combined 

d a t a ( t h i s s t u d y , CSIRO g a l e n a s and d a t a from LeCouteur, 1973) 

form a w e l l c o n s t r a i n e d t a r g e t s i g n a t u r e f o r Precambrian massive 

s u l f i d e m i n e r a l i z a t i o n i n t h e r e g i o n . 

2. Samples from Vancouver Island. Lead i s o t o p e r e s u l t s of a l l 

samples from Vancouver I s l a n d , B r i t i s h Columbia are g i v e n i n 

T a b l e 5. 

The samples from B u t t l e Lake i n c e n t r a l Vancouver I s l a n d 

were a n a l y s e d t o d e f i n e a t a r g e t Pb i s o t o p i c s i g n a t u r e f o r t h e 

massive s u l f i d e m i n e r a l i z a t i o n . The two h i g h e s t l e a d samples, 

3976 (from the Lynx Mine w i t h a Pb c o n t e n t o f 9200 ppm) and 3981 

(from t h e HW Mine w i t h 505 ppm Pb) have th e same Pb i s o t o p e 

r a t i o s w i t h i n e x p e r i m e n t a l e r r o r . The d a t a f o r a l l but one of t h e 

o t h e r samples p l o t c l o s e t o t h i s v a l u e but have s l i g h t l y l o w e r 
2 0 A P b / 2 0 4 P b r a t i o s ( i . e . t h e y are l e s s r a d i o g e n i c ) . Sample 3977 

w i t h 115 ppm Pb has a s i g n i f i c a n t l y lower ^ ^ P b / ^ ^ P b r a t i o than 

the o t h e r samples. 

In F i g u r e s 3 and 4 the d a t a f o r t h e B u t t l e Lake samples have 

been p l o t t e d . The t a r g e t s i g n a t u r e , d e f i n e d by e l l i p s e s which 

r e p r e s e n t the d i s t r i b u t i o n of the t a r g e t d a t a (mean + 2*SD, o r 

95X c o n f i d e n c e domains), i s drawn around a l l samples e x c l u d i n g 

3977. For comparison the t a r g e t e l l i p s e s f o r the S u l l i v a n 

m i n e r a l i z a t i o n and f o r Devonian C o r d i l l e r a n m i n e r a l i z a t i o n f rom 

Howards Pass have been p l o t t e d . 

The samples from the Mount S i c k e r p r o s p e c t s on s o u t h e r n 

Vancouver I s l a n d are p l o t t e d i n F i g u r e s 5 and 6. Three of t h e 
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samples, a l l from the Lenora-Tyee h o r i z o n f a l l w i t h i n t h e t a r g e t 

e l l i P s e s f o r B u t t l e Lake. These r e p r e s e n t two m i n e r a l i z e d samples 

and one sample from the q u a r t z ore w i t h a l e a d c o n t e n t o f o n l y 

124 ppm. The o t h e r samples are a l l l e s s r a d i o g e n i c t h a n t h e 

t a r g e t v a l u e and, t o g e t h e r w i t h 3977 from t h e B u t t l e Lake mine, 

d e f i n e a l i n e a r t r e n d on a 2 0 0 P b / 2 0 4 P b v e r s u s 2 0 6 P b / 2 0 4 P b d i a g r a m 

( F i g . 5) which p r o j e c t s back towards th e Precambrian S u l l i v a n Pb 

i s o t o p e t a r g e t . Sample 3623 ( c h e r t and p y r i t e c o n t a i n i n g 640 ppm 

Pb) approches t h i s v a l u e and has the l e a s t r a d i o g e n i c l e a d o f a l l 

t h e samples. 

A l l d a t a from Vancouver I s l a n d p l o t below the Pb e v o l u t i o n 

c u r v e s f o r massive s u l f i d e d e p o s i t s , i n d i c a t i n g t h a t t h e s o u r c e 

r o c k s f o r t h e s e l e a d s have lower U/Pb and Th/U r a t i o s t h a n t h e 

average c r u s t . 

3. Samples from southwestern B r i t i s h Columbia. Lead i s o t o p e 

r e s u l t s o f a l l samples from the B r i t a n n i a D i s t r i c t are g i v e n i n 

T a b l e 6. 

The samples from the Britannia Mine and the Nor t hai r Mine 

were a n a l y s e d t o d e f i n e a t a r g e t Pb i s o t o p e s i g n a t u r e f o r 

v o l c a n o g e n i c massive s u l f i d e m i n e r a l i z a t i o n o c c u r r i n g i n Gambier 

v o l c a n i c pendants of Mesozoic age w i t h i n the Coast Range 

B a t h o l i t h s . The t h r e e samples w i t h t h e h i g h e s t l e a d c o n t e n t s from 

the B r i t a n n i a mine have Pb i s o t o p e r a t i o s t h a t are t h e same, 

w i t h i n e x p e r i m e n t a l e r r o r . The l o w e s t l e a d sample has a v a l u e 

which i s s l i g h t l y l e s s r a d i o g e n i c but s t i l l w i t h i n e x p e r i m e n t a l 

e r r o r . The two samples from the N o r t h a i r Mine have t h e same 

r a t i o s and c o r r e s p o n d t o t h e low l e a d sample from the B r i t a n n i a 

Mine. D e s p i t e t h e s e v e r y s m a l l d i f f e r a n c e s , the l e a d s from b o t h 
m i n e s a r e c o n s i d e r e d t o be the same and t h i s d a t a i s used t o 
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d e f i n e the t a r g e t e l l i p s e s ( F i g s 7 and 8 ) , 

Three samples from the Roy Showing f a Gambier h o s t e d 

c h a l c o p y r i t e - r i c h remnant s r i n g e r zone, f a l l i n a . t i g h t c l u s t e r 

w i t h i n t h e t a r g e t e l l i p s e on both p l o t s ( F i g s 9 and 10). The 

sample l o w e s t i n l e a d , R-4 w i t h 68 ppm, i s s l i g h t l y more 

r a d i o g e n i c ( h i g h e r 2 ° * P b / a o 4 P b r a t i o ) but s t i l l p l o t s w i t h i n t h e 

t a r g e t f i e l d . (Note: No sample d e t a i l s were r e c e i v e d f o r sample 

R-4; i t i s presumed t h a t i t i s from the Roy P r o s p e c t ) . 

B o th samples from t h e Maggie Mines p r o s p e c t a r e the same and 

have Pb i s o t o p e r a t i o s which l i e i n t h e t a r g e t e l l i p s e s i n b o t h 

p l o t s ( F i g s 9 and 10). 

The two h i g h e s t l e a d samples from th e Red Tusk p r o s p e c t , RT-

MZ and RT-SZ, a r e the same w i t h i n e x p e r i m e n t a l e r r o r and f a l l 

w i t h i n t h e t a r g e t e l l i p s e s . The sample from the N o r t h Zone w i t h a 

Pb c o n c e n t r a t i o n o f 21 ppm i s more r a d i o g e n i c and p l o t s w e l l 

o u t s i d e the t a r g e t e l l i p s e s ( F i g s 9 and 10). 

The two samples from the Squim pros pec t have w i d e l y 

d i f f e r i n g l e a d c o n t e n t s and d i f f e r e n t Pb i s o t o p e r a t i o s (Table 6; 

F i g s 9 and 10). The sample r e p r e s e n t i n g s p h a l e r i t e (+ g a l e n a 

m i n e r a l i z a t i o n ) has h i g h e r ^ ^ P b / ^ ^ P b r a t i o s and p l o t s o u t s i d e 

the t a r g e t . The c h a l c o p y r i t e r i c h sample, S - l , w i t h a Pb 

c o n c e n t r a t i o n of 47 ppm p l o t s j u s t w i t h i n t h e t a r g e t e l l i p s e . 

The s i n g l e a r s e n o p y r i t e - r i c h sample from the Furry Creek 

prospect has r a d i o g e n i c Pb, s i m i l a r t o t h a t of the h i g h Pb sample 

from t h e Squim p r o s p e c t . 

The two samples from the North Forks prospect, NF-1 and NF-2 

r e p r e s e n r i n g c h a l c o p y r i t e , p y r i t e and p y r r h o t i t e m i n e r a l i z a t i o n 

i n T r i a s s i c C h i l l i w a c k v o l c a n i c s , a r e the same w i t h i n 

e x p e r i m e n t a l e r r o r , and r e p r e s e n t the l e a s t r a d i o g e n i c l e a d o f 

a l l samples from the B r i t a n n i a d i s t r i c t (Table 6; F i g s 9 and 10). 
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The combined d a t a from p r o s p e c t s i n t h e Mt S i c k e r a r e a , s o u t h e r n 

Vancouver I s l a n d and the B r i t a n n i a d i s t r i c t , s o u t h w e s t e r n B.C. 

a r e p l o t t e d i n F i g u r e s 11 and 12 w i t h r e f e r e n c e s t o a l l f o u r 

t a r g e t e l l i p s e s . 

6. DISCUSSION 

1, S u l l i v a n The r e s u l t s f o r P r e c a m b r i a n massive s u l f i d e 

m i n e r a l i z a t i o n a t S u l l i v a n complement t h e l i m i t e d d a t a b a s e 

a l r e a d y a v a i l a b l e . The combined d a t a form a homogeneous c l u s t e r 

which can be d e f i n e d by a r e l a t i v e l y s m a l l t a r g e t e l l i p s e . 

2. Vancouver I s l a n d T a r g e t e l l i p s e s f o r S i l u r o - D e v o n i a n m assive 

s u l f i d e m i n e r a l i z a t i o n have been d e f i n e d based on samples f r o m 

the Lynx and HW mines of Westmin's B u t t l e Lake d e p o s i t . The 

e l l i p s e s a r e r e l a t i v e l y l a r g e because of t h e few number o f 

samples and the low-Pb c o n t e n t of some. Compared w i t h Devonian 

SEDEX m i n e r a l i z a t i o n from the n o r t h e r n Canadian C o r d i l l e r a , (e.g. 

Howard's Pass) t h e B u t t l e Lake dat a has s i m i l a r = 0 < t»Pb/ 3 0 4*Pb but 

lower 3 0 7 rPb/= 2 0^Pb and ^ P b / ^ P b r a t i o s . T h i s r e l a t i o n s h i p i s 

c o n s i s t e n t w i t h a b r o a d l y s i m i l a r age f o r t h e d e p o s i t s but w i t h 

d e r i v a t i o n o f Pb from d i f f e r e n t t e c t o n i c e n v i r o n m e n t s . Whereas 

the SEDEX d e p o s i t s c o r r e l a t e more c l o s e l y w i t h Pb d e r i v e d from a 

w e l l - m i x e d c r u s t a l s o u r c e , the B u t t l e Lake d a t a i n d i c a t e s o u r c e s 

w i t h lower U/Pb and Th/U r a t i o s t h a t may r e p r e s e n t e i t h e r c r u s t 

s u b j e c t e d t o g r a n u l i t e f a c i e s metamorphism or more d i r e c t l y 

m a n t l e - d e r i v e d r o c k s . 

Three samples from the Mt S i c k e r p r o s p e c t s (3984, 85, 86) 

have s i m i l a r i s o t o p i c c o m p o s i t i o n s t o the B u t t l e Lake s i g n a t u r e 

and a r e c o n s i d e r e d t o have a h i g h p r o b a b i l i t y of f o r m i n g d u r i n g a 

s i m i l a r m i n e r a l i z i n g event. 

Sample number 3623, which i s though t o come from an h o r i z o n 
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c o r r e l a t i n g w i t h t h e Lenora-Tyee h o r i z o n , c o n t a i n s Pb w i t h a 

s i m i l a r i s o t o p i c c o m p o s i t i o n t o S u l l i v a n P r e c a m b r i a n 

m i n e r a l i z a t i o n . Such a c o m p o s i t i o n , t o g e t h e r w i t h samples 3 9 8 2 

3 9 8 3 and 3 9 8 7 and sample 3 9 7 7 from B u t t l e Lake which have 

c o m p o s i t i o n s i n t e r m e d i a t e between P r e c a m b r i a n and P a l a e o z o i c 

m i n e r a l i z a t i o n , a r e d i f f i c u l t t o e x p l a i n i n r o c k s o f S i l u r o -

Devonian age. The most obvious c o n c l u s i o n i s t h a t t h e 

m i n e r a l i z a t i o n r e p r e s e n t s P a l a e o z o i c r e m o b i 1 i z a t i o n of Pb fro m 

r e l a t i v e l y h i g h - P b Precambrian r o c k s . Other a l t e r n a t i v e s a r e t h a t 

the Pb i s a contami n a n t from the sample p r e p a r a t i o n p r o c e d u r e 

(from P b - c o n t a i n i n g p e t r o l or c r o s s c o n t a m i n a t i o n w i t h S u l l i v a n 

s a m p l e s ) , o c c u r s i n Precambrian r o c k f r a g m e n t s ( ? v o l c a n i c 

a g g l o m e r a t e s o r conglomerates) or t h a t t h e h o s t u n i t s o r t h e 

samples t h e m s e l v e s have been m i s i d e n t i f i e d . 

3 . S o u t h w e s t B r i t i s h Columbia The t a r g e t d e p o s i t s i n t h i s a r e a , 

the B r i t a n n i a and N o r t h a i r mines, have s i m i l a r i s o t o p i c 

c o m p o s i t i o n s a l t h o u g h t h e r e may be s l i g h t d i f f e r e n c e s between 

them* The most s t a r t l i n g f e a t u r e o f t h e r e s u l t s f o r t h £ S £ 

C r e t a c e o u s d e p o s i t s i s the s i m i l a r i t y o f t h e ^ ^ P b / ^ ^ P b r a t i o s 

w i t h t h e P a l a e o z o i c B u t t l e Lake m i n e r a l i z a t i o n . I t would be 

re a s o n a b l e t o e x p e c t t h a t S i l u r o - D e v o n i a n m i n e r a l i z a t i o n would 

have = o * , p b / = 2 o * p b r a t i o s about 3 . 6 % lower than C r e t a c e o u s 

m i n e r a l i z a t i o n , t o g e t h e r w i t h s l i g h t l y l o wer S 0 ^ P b / 3 0 * P b and 
a o * P b / a o * P b r a t i o s , p r o y i d e d the d e p o s i t s formed i n a s i m i l a r 

t e c t o n i c e n v ironment. 

The C r e t a c e o u s m i n e r a l i z a t i o n b r o a d l y f i t s t h e models f o r 

the average g l o b a l e v o l u t i o n of Pb. These models attempt t o 

e x p l a i n t h e v a r i a t i o n through t i m e o f the Pb i s o t o p i c 

c o m p o s i t i o n s o f massive s u l f i d e d e p o s i t s from t h r o u g h o u t t h e 

wor l d ( e.g t h e growth c u r v e of Cumming and R i c h a r d s , 1 9 7 5 p l o t t e d 
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on t h e accompanying f i g u r e s , or the model of S t a c e y and Kramers, 

1975). The m i n e r a l i z a t i o n i s however d e p l e t e d i n a o T b / a o * P b 

r e l a t i v e t o t h e s e growth c u r v e s , p r o b a b l y i n d i c a t i n g a l a r g e 

component o f mantle d e r i v e d Pb (see F i g u r e 5 of Zartman and Doe, 

1981 f o r t h e e x p e c t e d d i f f e r e n c e s between c r u s t a l and mantle 

d e r i v e d P b ) . 

The B u t t l e Lake m i n e r a l i z a t i o n does not f i t such average 

growth c u r v e s , havi'ng 3 0 < s'Pb/ : 3 0^Pb r a t i o s c o n s i d e r a b l y t h a t a r e 

h i g h e r t h a n would be p r e d i c t e d ( i . e t h e Pb i s more r a d i o g e n i c ) . 

R a t h e r , t h e d a t a more c l o s e l y approximate the r e g i o n a l model 

proposed by Godwin et at.,1982 f o r s h a l e h o s t e d m i n e r a l i z a t i o n 

from n o r t h e r n B.C. , (such as Howard's P a s s ) . A g a i n , lower 
S B° , rPb/ a o - , ,Pb r a t i o s i n d i c a t e a s i g n i f i c a n t component of m a n t l e -

d e r i v e d Pb. 

The c o n c l u s i o n t o be drawn from t h e s e d i f f e r e n c e s i s t h a t 

the Pb i n t h e M e s o z o i c and P a l a e o z o i c d e p o s i t s was d e r i v e d from 

s o u r c e r o c k s w i t h s i g n i f i c a n t l y d i f f e r e n t Pb i s o t o p i c r a t i o s as 

w e l l as d i f f e r e n t U/Pb and Th/Pb r a t i o s . The p o s s i b i l i t y o f 

s u s p e c t ( a l l o c t h o n o u s ) t e r r a i n s would be a mechanism f o r b r i n g i n g 

t o g e t h e r s u c h i s o t o p i c a l l y d i v e r g e n t r o c k s . 

The samples f r o m t h e Roy Showing, Maggie Mines, and Red Tusk 

p r o s p e c t s a l l f a l l w i t h i n the C r e t a c e o u s massive s u l f i d e 

s i g n a t u r e (as g i v e n by the B r i t a n n i a / N o r t h a i r t a r g e t e l l i p s e s ) 
a n d can be c o n s i d e r e d t o r e p r e s e n t s i m i l a r s t y l e s o f 

»ineralization. The s i n g l e low-Pb sample from Red Tusk (RT-NZ, 21 

PPm Pb) c o n t a i n s more r a d i o g e n i c Pb ( a O APb/ a o-*Pb i s 1.2% h i g h e r ) 

* h i c h c o u l d r e s u l t from r a d i o g e n i c a d d i t i o n of 2°*Pb from the 
r a d i o a c t i v e decay o f 238U s i n c e the C r e t a c e o u s (the r o c k would 
n e e d i o c o n t a i n between 2 and 3 ppm U t o account f o r t h e 1.2% 

9 



d i f f e r e n c e ) and as such, t h e sample can be c o n s i d e r e d as p o s s i b l y 

h a v i n g the same i n i t i a l ( Cretaceous) s i g n a t u r e . 

However, t h e two samples from the Syuim Prospect b o t h 

c o n t a i n more r a d i o g e n i c Pb than t h e t a r g e t , d e s p i t e h a v i n g 

r e l a t i v e l y h i g h - P b . The Squim m i n e r a l i z a t i o n i s i h e r s f o r e 

c o n s i d e r e d t o have a low p r o b a b i l i t y o f b e i n g c l o s e l y r e l a t e d t o 

Cr e t a c e o u s M.S. s t y l e s . I t s i s o t o p i c c o m p o s i t i o n may be e x p l a i n e d 

by t h e a d d i t i o n o f r a d i o g e n i c Pb t o t h e t y p i c a l C r e t a c e o u s Pb as 

a r e s u l t o f p o s t - C r e t a c e o u s v e i n f o r m a t i o n . S i m i l a r r e a s o n i n g can 

be used t o e x p l a i n t h e r a d i o g e n i c Pb c o n t e n t o f t h e sample f r o m 

the Furry Creek Prospect. 

The two samples from the North Forks Prospect c o n t a i n 

s i g n i f i c a n t l y l e s s r a d i o g e n i c Pb than the t a r g e t s * T h i s 

r e l a t i o n s h i p i s c o n s i s t e n t w i t h t h e Lower T r i a s s i c age o f t h e 

e n c l o s i n g v o l c a n i c s . T r i a s s i c massive s u l f i d e m i n e r a l i z a t i o n , 

w i t h i n t h e same t e c t o n i c p r o v i n c e as t h e C r e t a c e o u s 

m i n e r a l i z a t i o n , would be expected t o have an i s o t o p i c c o m p o s i t i o n 

s i m i l a r t o t h a t o f the Nor t h F o r k s P r o s p e c t . However, 2 samples 

are i n s u f f i c i e n t t o i n d i c a t e whether t h e Pb from t h e p r o s p e c t i s 

homogeneous, which would g i v e more i n d i c a t i o n o f the l i k e l y h o o d 

o f massive s u l f i d e m i n e r a l i z a t i o n . 

7•CONCLUSIONS 

1« A p r e l i m i n a r y t a r g e t s i g n a t u r e f o r Mesozoic m a s s i v e 

s u l f i d e m i n e r a l i z a t i o n i n s o u t h e r n Vancouver I s l a n d can be 

d e f i n e d . Some samples from Mt S i c k e r p r o s p e c t s (3984, 85, 86) 

f a l l w i t h i n t h e t a r g e t and can be c o n s i d e r e d t o have formed 

d u r i n g a s i m i l a r m i n e r a l i z i n g event t o t h e B u t t l e Lake 

m i n e r a l i z a t i o n . O t h e r , m o s t l y low-Pb, samples c o n t a i n v a r i a b l e 

P r o p o r t i o n s o f l e s s r a d i o g e n i c Pb, p r o b a b l y i n d i c a t i n g a 
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precambrian Pb component. Such a r e l a t i o n s h i p may be g e o l o g i c a l , 

p o s s i b l y r e p r e s e n t i n g P a l a e o z o i c r e m o b i l i z a t i o n from r e l a t i v e l y 

h igh-Pb P r e c a m b r i a n r o c k s , or a n t h r o p o g e n i c , r e s u l t i n g f r o m 

c o n t a m i n a t i o n w i t h S u l l i v a n type Pb. 

2. The N o r t h a i r and B r i t a n n i a mines have homogeneous 
* 

i s o t o p i c c o m p o s i t i o n s which can be used t o d e f i n e a t a r g e t 

e l l i p s e f o r C r e t a c e o u s massive s u l f i d e m i n e r a l i z a t i o n i n 

southwest B r i t i s h Columbia. The Roy Showing, Maggie Mines and Red 

Tusk p r o s p e c t s have i s o t o p i c c o m p o s i t i o n s c o n s i s t e n t w i t h 

f o r m a t i o n from a s i m i l a r m i n e r a l i z i n g e v e n t t o the t a r g e t . 

However, the Squim P r o s p e c t and F u r r y Creek P r o s p e c t have a low 

p r o b a b i l i t y of b e i n g r e l a t e d t o s u c h massive s u l f i d e 

m i n e r a l i z a t i o n and may r e p r e s e n t l a t e r v e i n - s t y i e m i n e r a l i z a t i o n . 

3 . Based on the i s o t o p i c c o m p o s i t i o n s o f the C r e t a c e o u s 

massive s u l f i d e m i n e r a l i z a t i o n we would c a l c u l a t e t h a t T r i a s s i c 

massive s u l f i d e m i n e r a l i z a t i o n d e r i v e d from s i m i l a r s o u r c e r o c k s 

would have a c o m p o s i t i o n s i m i l a r t o t h a t o f t h e N o r t h F o r k s 

P r o s p e c t . 

4. The i s o t o p i c r e l a t i o n s h i p between the massive s u l f i d e 

o c c u r r e n c e s on s o u t h e r n Vancouver I s l a n d and the B r i t a n n i a a r e a 

of s o u t h w e s t e r n B.C. i n d i c a t e fundamental d i f f e r e n c e s i n t h e 

s o u r c e r o c k s f o r the two a r e a s , perhaps r e s u l t i n g f r o m t h e 

a c c r e t i o n o f a l l o c h t h o n o u s t e r r a i n s . 

5. A w e l l c o n s t r a i n e d t a r g e t s i g n a t u r e f o r S u l l i v a n - s t y l e 

massive s u l f i d e m i n e r a l i z a t i o n has been d e f i n e d . 

8. FOLLOW UP 

1. Some of t h e low-Pb samples from the Mt S i c k e r a r e a s h o u l d 

fe* c h e c k - a n a l y s e d t o determine any p o s s i b l e c o n t a m i n a t i o n . Such 

c o n t a m i n a t i o n c o u l d f e a s a b l ^ have r e s u l t e d from s o a k i n g i n p e t r o l 
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(do Canadian r e f i n e r i e s use S u l l i v a n Pb i n the p e t r o l or MVT Pb-

or i s a l l p e t r o l P b - f r e e ? ) o r from c o n t a m i n a t i o n d u r i n g c r u s h i n g . 

I f t h e r e a r e any uncrushed p o r t i o n s o f t h e s e samples we c o u l d 

e a s i l y do a check. 

2. The T a r g e t e l l i p s e from B u t t l e Lake c o u l d be* f u r t h e r 

c o n s t r a i n e d i f 2 o r 3 more h i g h -Pb samples were a n a l y s e d . The 

six® °^ t h e t a r g e t e l l i p s e p r e c l u d e s f i n e r s c a l e d i s c r i m i n a t i o n 

o f l i k e l y p r o s p e c t i v e and n o n - p r o s p e c t i v e e x p l o r a t i o n samples. 

3. Based on t h e s e Pb i s o t o p e r e s u l t s t h e N o r t h F o r k s 

p r o s p e c t l o o k s i n t e r e s t i n g as p o s s i b l e T r i a s s i c M.S. s t y l e 

m i n e r a l i z a t i o n . A n a l y s i s o f 4 or 5 more samples would h e l p 

c o n f i r m t h i s by t e s t i n g t h e homogeneity o f t h e d e p o s i t . 
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TABLE 1. B r i e f d e s c r i p t i o n and l e a d c o n c e n t r a t i o n v a l u e s o f 
p u l p s from t he S u l l i v a n Mine, B r i t i s h Columbia. 

Sample D e s c r i p t i o n Pb Content 

3617 
3618 
3619 
3620 
3621 
3622 

Massive Pb-Zn o r e 9.03% 
P y - c h l o r i t e - a l b i t e h a n g i n g w a l l a l t e r a t i o n 73ppm 
Banded massive s u l f i d e s 12.45% 
Massive s p h a l e r i t e 13.15% 
To u r m a l i n e f o o t w a l l a l t e r a t i o n 1760ppm 
Banded s p h a l e r i t e - g a l e n a 46.5 % 

TABLE 2. B r i e f d e s c r i p t i o n and l e a d c o n c e n t r a t i o n v a l u e s o f 
p u l p s from Vancouver I s l a n d , B r i t i s h C o lumbia, s u b m i t t e d f o r l e a d 
i s o t o p e a n a l y s e s by CFC. 

Westmin's B u t t l e Lake o p e r a t i o n s , Myra F a l l s 

Sample D e s c r i p t i o n Pb Content 

3976 Lynx Mine, f r a g m e n t a l p y r i t e s p h a l e r i t e 0.92% 
3977 Lynx Mine, p y r i t e i n s e r i c i t i z e d f e l s i c s 115ppm 
3978 Lynx Mine, p y r i t e i n f e l s i c t u f f s 495ppm 
3979 Lynx Mine, banded f e l s i c t u f f 57ppm 
3980 HW Mine, massive p y r i t e 250ppm 
3981 HW Mine, massive ore 505ppm 

Mt S i c k e r p r o p e r t y , s o u t h e r n Vancouver I s l a n d 

Sample D e s c r i p t i o n Pb Content 

3623 
3982 
3983 
3984 
3985 
3986 
3987 

Mount S i c k e r , c h e r t and p y r i t e 640ppm 
Heather p r o p e r t y , p r y i t e i n s e r i c i t e s c h i s t 20ppm 
Tom S h a f t Mt S i c k e r , massive p y r i t e 19ppm 
Lenora-Tyee, b a r i t e o re 1.62% 
Lenora-Tyee, q u a r t z ore 124ppm 
Lenora-Tyee, c a r b o n a t e ore 1.98% 
Mount S i c k e r , f e l s i c t u f f 7ppm 



TABLE 3 . B r i e f d e s c r i p t i o n and l e a d c o n c e n t r a t i o n v a l u e s o f 
pulps from t he B r i t a n n i a D i s t r i c t , s o uthwestern B r i t i s h Columbia, 
s u b m i t t e d f o r l e a d i s o t o p e a n a l y s e s by CFC. 

Sample D e s c r i p t i o n 

B r i t a n n i a 

Pb Content 

B - l 
B-2 
B-3 
B-4 

Cpy s t r i n g e r i n c h l o r i t i z e d v o l c a n i c s 38ppm 
Massiv e c h e r t 360ppm 
Banded sph/gn/py/cpy and r e c r y s t a l 1 i z e d c h e r t 600ppm 

6000ppra B a r i t i c , z i n c - r i c h MS 

N o r t h a i r Mine 

NA-1 

NA-2 

Roy Showing 

Gn/py, minor sph/cpy w i t h c a l c i t e gangue 
and c h l o r i t i z e d w a l l - r o c k fragments 
Same as NA-1 but l e s s m i n e r a l i z e d 

R - l 
R-2 
R-3 
R-4 

Roy p r o s p e c t cpy - s t r i n g e r m i n e r a l i z a t i o n 
Cpy - s t r i n g e r s i n Roy R h y o l i t e 
Sph m i n e r a l i z a t i o n ( d i s s ) i n Roy R h y o l i t e 
No sample d e s c r i p t i o n 

Red Tusk P r o s p e c t 

RT-MZ 
RT-NZ 
RT-SZ 

Main zone 
N o r t h zone 
South zone 

Squim P r o s p e c t 

S - l 
S-2 

Cpy r i c h MS 
Ga l e n a , s p h a l e r i t e 

F u r r y Creek 

G-59 Arsenopy i n s i l i c i f i e d ash "McColl P r o s p e c t 1 

Maggie Mines 

M2 
Ml 

Coarse sph i n q u a r t z v e i n b r e c c i a 
S i m i l a r t o M2 but f i n e r g r a i n e d + more q u a r t z 

North F o r k s P r o s p e c t 

NF-1 E q u i g r a n u l a r massive p y r r h o t i t e / c h a l c o p y r i t e 
NF-2 Banded c h a l c o p y r i t e , p y r r h o t i t e and p y r i t e 

44.0 % 

2.64% 

790ppm 
182ppm 
305ppm 
68ppm 

192ppm 
2 lppm 

5000ppm 

47ppm 
29.4 % 

1140ppm 

152ppm 
66ppm 

62ppm 
72ppm 



mut i * - e a d i s o t o p e d a t a f r o n t h e S u i l : L u a n n i n e ' B C -

208 Pb 
20G Pb 

207 Pb 
206 Pb 

205 Pb 
204 Pb 

207 Pb 
204 Pb 

208 Pb 
204 Pb 

Pb< ppm ) 

>t( TUAW - CFC 
. 3Si7 
. 3613 A 
. 2Sia a 

. sets 

. 3S21 

. 3S22 
2.1834 

& 2.1854 
iS3 2.1849 

2.18G7 
2.1854 

2. 1842 0.9357 IB .499 IS .439 35 .037 90,300 
2. 1695 0.9127 16 .938 15 .459 36 .746 73 
2. 168S 0.9117 IS .973 15 .475 36 .807 73 
2. 1851 0.9391 16 .488 15 . 433 36 .026 124,500 
*> 

£ . 1859 0.9359 16 .514 15 .455 36 .096 131,500 
1909 0.9370 IS .482 15 .443 35 . i l l 1,760 

2. 1841 0.9357 IS .500 15 .439 36 .038 465,000 

0.9354 
0.9358 
0.9358 
0.9363 
0.9360 

IB.491 
16.504 
16.500 
16.502 
16.497 

15.42G 
15.444 
15.441 
15.451 
15.441 

36.006 
36.068 
3E.051 
36.085 
36.053 

S re f e r to repeat d i s s o l u t i o n s of the sane sample. 
•«ssi<9 number prefixes r e f e r to plotted points 



fRBLE 5 
Lead i s o t o p e d a t a of s a n p l e s f r o n Uancouuer I s l a n d . 

208 Pb 
206 Pb 

207 Pb 
206 Pb 

205 Pb 
204 Pb 

207 Pb 
204 Pb 

208 Pb 
204 Pb 

Pb(ppn ) 

397G 
3977 
3S78 
3S7S 
35EC 

i Vfjy AND HU MINES 
2.0557 0.8396 
2.1495 
2.0G53 
2.0S52 
2.0591 
2.054G 

t. 9103 
i. 3462 
1.8472 
).3425 
f.8402 

18.515 
17.007 
18.400 
18.375 
18.470 
18.507 

15.545 
15.480 
15.570 
15.568 
15.561 
15.549 

38.061 
3G.55G 
38.020 
37.949 
38.032 
38.025 

9,200 
115 
495 
57 
250 
505 

cTrvjp PROSPECTS 
2.1807 0.9323 16.555 15.442 36.101 640 

ft 2.1044 0.8742 17.752 15.519 37.359 20 
Q 2.1035 0.8737 17.749 15.507 37.335 20 

2.1082 0.8783 17.681 15.530 37.274 19 
2.0587 0.8335 18.51G 15.543 38.117 16,200 
2.0G02 0.8403 18.523 15.5S6 38.161 124 

5935 2.0594 0.8397 18.513 15.550 39.137 19,800 
.328? 2.0680 0.8491 18.294 15.533 57.832 7 

25:3 
3562 
3532 

5 re f e r to repeats on separate sample dissolutions 
r-ott number prefixes r e f e r to plott e d points 



RBU 6 . 
Lead i s o t o p e d a t a of s a n p l e s f r o n the B r i t a n n i a D i s t r i c t . 

t-s I e 7 0 8 Pb 
res pb 

2 0 7 Pb 
2 0 6 Pb 

20G Pb 
2 0 4 Pb 

2 0 7 Pb 
2 0 4 Pb 

2 0 8 Pb 
2 0 4 Pb 

*Pb< ppm) 

IfTAAftfA M I N E 

. S-l A 
B-t 8 

9 - 3 A 
3 -3 3 
0 - 4 

2 . 0 5 9 9 • 
2 . 0 6 0 3 
2 . 0 5 4 5 
2 . 0 5 4 8 
2 . 0 5 4 4 
2 . 0 5 4 2 

0 . 3 4 3 2 
0 . 8 4 3 1 
0 . 8 4 0 3 
0 . 8 4 0 2 
0 . 8 4 0 0 
0 . 8 3 9 9 

1 8 . 3 9 5 
1 8 . 4 1 3 
1 8 . 4 5 G 
1 8 . 4 B 7 
1 8 . 4 6 9 
1 8 . 4 6 9 

1 5 . 5 1 1 
1 5 . 5 2 4 
1 5 . 5 0 9 
1 5 . 5 1 5 
1 5 . 5 1 3 
1 5 . 5 1 2 

3 7 . 8 9 3 
3 7 . 9 3 7 
3 7 . 9 1 8 
3 7 . 9 4 5 
3 7 . 9 4 3 
3 7 . 9 3 8 

3 8 
3 8 

3 6 0 
6 0 0 
6 0 0 

S , 0 0 0 

HA-2 ft 
* * - 2 e 

2 . 0 S 1 4 
2 . 0 6 0 8 
2 . 0 6 1 2 

0 . 8 4 3 4 
0 . 9 4 3 2 
0 . 8 4 3 3 

1 8 . 4 1 1 
1 8 . 4 1 5 
1 8 . 4 0 9 

1 5 . 5 2 S 
1 5 . 5 2 S 
1 5 . 5 2 4 

3 7 . 9 5 4 
3 7 . 9 5 0 
3 7 . 9 4 5 

4 4 0 , 0 0 0 
2 5 , 4 0 0 
2 6 , 4 0 0 

. R-I 

. R - 2 

. R - 3 

. R - 4 

2 . 0 5 9 9 
2 . 0 5 9 3 
2 . 0 6 0 4 
2 . 0 5 3 3 

0 . 3 4 2 9 
0 . 8 4 2 8 
0 . 8 4 3 4 
0 . 8 3 9 4 

1 8 . 4 0 4 
1 8 . 4 0 5 
1 8 . 3 9 8 
1 3 . 4 8 8 
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7 3 0 
1 8 2 
3 0 5 

6 8 

- "•'. f ni \£ r 

. A 

. P?-2 B 
, R- j 
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1 5 . 5 2 2 
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3 7 . 9 4 2 
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: TV5'*: BOQCSCCT 
. RT-ft2 

- * * - s : ft 
-s: E 

2 . 0 5 5 0 
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2 . 0 5 7 6 

0 . 8 4 0 9 
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0 . 8 4 1 2 
0 . 3 4 1 S 

1 8 . 4 3 2 
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1 8 . 4 3 5 
1 8 . 4 4 2 
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1 5 . 5 2 1 

3 7 . 8 7 8 
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2 1 

5 , 0 0 0 
5 , 0 0 0 

S - i ft 
S-l 8 
s-: A 
s - 2 E 

2 . 0 5 4 0 
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2 . 0 4 7 5 
2 . 0 4 8 5 

0 . 8 3 9 6 
0 . 3 3 9 8 
0 . 8 3 4 4 
0 . 8 3 4 8 

1 8 . 4 8 3 
1 8 . 4 8 7 
1 8 . 5 1 0 
1 8 . 6 0 3 

1 5 . 5 1 8 
1 5 . 5 2 5 
1 5 . 5 2 S 
1 5 . 5 2 3 

3 7 . 3 6 5 
3 7 . 9 8 7 
3 8 . 1 0 6 
3 3 . 1 0 8 

4 7 
4 7 

2 9 4 , 0 0 0 
2 9 4 , 0 0 0 

2 . 0 4 7 1 0 . 8 3 4 4 1 8 . 5 9 9 1 5 . 5 2 0 3 8 . 0 7 5 1 , 1 4 0 

ft 2 . 0 7 2 1 
2 . 0 7 0 5 

2 - 0 7 2 5 

0 . 8 5 1 7 
0 . 8 5 1 7 
0 . 3 5 2 1 

1 8 . 2 0 1 
1 8 . 176 
1 8 . 194 

1 5 . 5 0 2 
1 5 . 4 8 0 
1 5 . 5 0 3 

3 7 . 7 1 4 
3 7 . 6 3 4 
3 7 . 7 0 7 
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- r e r S r to plott e d points 
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Figure 1. A =oe3Pb/=°*Pb vs a o APb/ a o*Ph diagram showing results of analyses of 
Sullivan samples in comparison to Sullivan target e l l i p s e defined by a l l SIROTOPE 
data. Growth curve of Cumming and Richards (1975) i s marked in increments of 2 0 0 My 
(Sample numbers - T a b l e 4 ) , 
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Figure 2. A a o 7Pb/ a o*Pb va 3°*Pb/ao*Ph diagram showing results of analyses of 
Sullivan samples in comparison to Sullivan target e l l i p s e defined by a l l SIROTOPE 
data. Growth curve of Curaming and Richards (1975) i s marked in increments of 200 My 
(Sample numbers - T a b l e 4 ) , 
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Figure 3. A ̂ P b / ^ P b v s ="Pb/=^Pb diagram showing the Buttle Lake mines data 
and the the Buttle lake and Sullivan Target e l l i p s e s . Note the size of the Buttle 
Lake e l l i p s e in comparison to the data that define i t . Growth curve of Cumming and 
Richards (1975) i s marked in increments of 200 My (Sample numbers - Table 51. 
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Figure 4. A ao7Pb/=°*Pb vs a o*Pb/ a o*Pb diagram showing the Buttle Lake mines data 
and the the Buttle lake and Sullivan Target e l l i p s e s . Note the size of the Buttle 
Lake e l l i p s e in comparison to the data that define i t . Growth curve of Gumming and 
Richards (1975) i s marked in increments of 200 My (Sample numbers - Table 5). 
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Figure 5. A = o ePb/ 2 0 4Pb vs a o*Pb/ a o 4Pb diagram showing Mt Sicker prospects data in 
comparison with target e l l i p s e s for Sullivan, Buttle lake and Howard's Pass. Growth 
curve of Cumming and Richards (1975) i s marked in increments of 200 My (Sample 
numbers - Tahle 5 ) . 
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Figure 7. A ZOBPh/=°*Pb vs ̂ P b / ^ P b diagram showing Britannia and Northair Mine 
data and the target e l l i p s e defined by that data. The Howard's Pass target e l l i p s e i s 
shown for comparison. Growth curve of Cumming and Richards (1975) i s marked in 
increments of 200 My (Sample numbers - Table 6). 



Q_ 

O 
OJ 

£2 
a 

rv 
O 
OJ 

15.7 
BRITANNIA RND NORTHAIR MINES 

15.6 

15.5 

15.4 

PRECISION \ 0 B.Y. 

HOWARDS PASS 
GRONTH CURVE 

\ 1 £ ) 
ELLIPSE FOR 
THESE POINTS 

18.0 18.5 19.0 
2 0 B p b / 2 0 4 p b 
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shown for comparison. Growth curve of Cumming and Richards (1975) i s marked in 
increments of 200 My (Sample numbers - Table 6). 
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Figure 11 A =E0BPb/=!0**Pb vs ̂ P b / ^ P b diagram comparing data from the Mt Sicker 
prospects and Southwest B r i t i s h Columbia prospects with target e l l i p s e s for Su l l i v a n , 
Buttle Lake, Howard's Pass and Britannia/Northair. Growth curve of Cumming and 
Richards (19751 i s marked In increments of 200 My. 
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Figure 12 A ̂ P b / ^ P b vs =^Pb/ 2^Pb diagram comparing data from the Mt Sicker 
prospects and Southwest B r i t i s h Columbia prospects with target e l l i p s e s for Sullivan, 
Buttle Lake, Howard's Pass and Britannia/Northalr. Growth curve of Cumming and 
Richards (1975) i s marked in increments of ?00 My. 
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Minnova Inc. 
Mining Innovation 

4th Floor 
311 Water Street 
Vancouver, British Columbia 
V6B 1B8 

Telephone (604) 681-3771 
Telecopier (604) 681-3360 

18 A p r i l 1988 

Science Council of B r i t i s h Columbia 
100 - 3700 Gilmore Avenue 
Burnaby, BC 
V5G UM3 

Dear S i r s : 

RE: Support of Research on Lead Isotopes Directed by C.I. Godwin, U.B.C. 
(Applicat i o n e n t i t l e d "Optimization of Exploration Decisions by 
A p p l i c a t i o n of Galena Lead Isotope Data i n B r i t i s h Columbia.")  

MINNOVA has a major commitment to two areas a c t i v e l y under 
i n v e s t i g a t i o n by the Godwin lead isotope research group; namely the 
B r i t a n n i a - Harrison Lake Area i n southwestern B.C.. and the Adams 
Plateau area i n south-central B.C. We have provided f i e l d support 
for MSc candidate D. Reddy i n the Indian River area immediately north 
of B r i t a n n i a , and he i s analysing galenas r e g i o n a l l y i n southwestern 
B.C. as part of h i s t h e s i s . F. Goutier, who completed a MSc thesis 
on the Adams Plateau area on lead isotopes, i s currently working f o r 
MINNOVA. B r i e f l y , we are very interested i n t h i s research - several 
years ago we had h a l f a dozen analyses done commercially i n A u s t r a l i a 
to help guide our exploration. 

As a contribution to the research of the Godwin group and i n 
addition to the student f i e l d support already provided, we w i l l involve 
our geologists i n some consultative work i n the two areas where we 
have mutual i n t e r e s t s . We can also provide about 35 samples of galena 
from showings that we have investigated, but would be very c o s t l y to 
resample. 7 ^ 

A.J. Davidson 
Exploration Manager 
Western Canada 

AJD/kgf 


