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FIELD TRIP NO. 1 
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1977 

F.R. Edmunds, T. H8y, P.W. Ransom, G.F. Warning 

PART 1 

INTRODUCTION 

(Trygve H8y) 

An i m p o r t a n t l e a d - z i n c m e t a l l o g e n i c p r o v i n c e extends from n o r t h e r n 
Idaho and Montana t h r o u g h s o u t h e a s t e r n B r i t i s h Columbia to n o r t h of R e v e l s t o k e 
i n t h e n o r t h e r n S e l k i r k M o u n t a i n s . I n c l u d e d i n t h i s m e t a l l o g e n i c p r o v i n c e 
i s a v a r i e t y of s e d i m e n t - and c a r b o n a t e - h o s t e d l e a d - z i n c d e p o s i t s . T h i s 
f i e l d t r i p w i l l v i s i t the o p e r a t i n g S u l l i v a n and H.B. mines and the d e f u n c t 
S t . Eugene and B l u e b e l l mines. Emphasis w i l l be p l a c e d on the o r i g i n , 
s t r a t i g r a p h i c and t e c t o n i c s e t t i n g of t h e s e d e p o s i t s . One day w i l l a l s o be 
s pent s t u d y i n g t h e P r o t e r o z o i c and l o w e r P a l e o z o i c s u c c e s s i o n between 
Cra n b r o o k and Kootenay Lake. 

The l e a d - z i n c m e t a l l o g e n i c p r o v i n c e l i e s w i t h i n t h e Columbian 
Orogen, the e a s t e r n o f two t e c t o n o - s t r a t i g r a p h i c b e l t s w i t h i n the C o r d i l l e r a n 
Orogen i n Canada (Wheeler e t . a l . , 1972 ). The Columbian Orogen ( F i g . 1-1") 
i n c l u d e s an e a s t e r n F o r e l a n d t h r u s t and F o l d B e l t ; t h e c e n t r a l Omineca 
C r y s t a l l i n e B e l t ; and a w e s t e r n H i n t e r l a n d B e l t . The e a s t e r n b e l t c o n s i s t s 
of w e l l - l a y e r e d m i o g e o s y n c l i n a l s ediments c u t by g e n e r a l l y "south-west 
d i p p i n g , concave-upward, l o c a l l y f o l d e d t h r u s t f a u l t s ' 1 (Wheeler, 1970, p. 155) 
The Omineca B e l t i n c l u d e s t h e Kootenay A r c and the Shuswap Metamorphic Complex 

The P u r c e l l A n t i c l i n o r i u m i s a broad n o r t h - p l u n g i n g s t r u c t u r e i n 
H e l e k i a n and H a d r y n i a n age r o c k s between the F o r e l a n d t h r u s t and F o l d B e l t 
t o t h e e a s t and the Kootenay A r c t o the west. I t i s t r a n s e c t e d by a number 
of s t e e p l o n g i t u d i n a l and t r a n s v e r s e f a u l t s . The t r a n s v e r s e f a u l t s appear 
to have been a c t i v e i n t e r m i t t e n t l y s i n c e a t l e a s e H a d r y n i a n time and p l a y e d 
an i m p o r t a n t r o l e i n c o n t r o l l i n g the t y p e , d i s t r i b u t i o n and t h i c k n e s s of 
l a t e P r o t e r o z o i c t o e a r l y P a l e o z o i c sediments ( L i s e t . a l . , 1976). The 
S u l l i v a n o r e body ( F i g . 1-2) o c c u r s w i t h i n P r o t e r o z o i c a r g i l l i t e on the 
e a s t e r n f l a n k of t h e P u r c e l l A n t i c l i n o r i u m . The a n t i c l i n o r i u m i s c r o s s e d 
from e a s t t o west on the morning of Day 2. 



F i g u r e |~|: S t r u c t u r a l e l e m e n t s o f t h e C o l u m b i a n O r o g e n i n 
s o u t h e a s t e r n B r i t i s h C o l u m b i a . 
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FIGURE h2: GENERALIZED GEOLOGICAL WAP OF SOUTHEASTERN BRITISH COLUMBIA 

SHOWING THE LOCATION OF SOME OF THE LARGER LEAD ZINC DEPOSITS. 



The Kootenay A r c , a g e n e r a l l y n o r t h - t r e n d i n g a r c u a t e s t r u c t u r a l 
zone d e v e l o p e d i n a s u c c e s s i o n of r o c k s r a n g i n g i n age from H a d r y n i a n t o 
e a r l y M e s o z o i c , i s west of and merges w i t h the P u r c e l l A n t i c l i n o r i u m . I n 
g e n e r a l , t h e e a r l i e s t r e c o g n i z e d s t r u c t u r e s i n the A r c a r e t i g h t to i s o ­
c l i n a l , n o r t h - t r e n d i n g recumbent f o l d s . I n the L a r d e a u a r e a i n t h e n o r t h ­
e r n Kootenay A r c e v i d e n c e i n d i c a t e s t h a t t h e s e s t r u c t u r e s d e v e l o p e d d u r i n g 
t h e C a r i b o o a n orogeny i n D e v o n o - M i s s i s s i p p i a n t i m e . Here, a phase 1 s y n -
c l i n e i n l o w e r P a l e o z o i c r o c k s i s t r u n c a t e d by an u n c o n f o r m i t y a t t h e 
base of the l o w e r M i s s i s s i p p i a n M i l f o r d Group (Read, 1976). As w e l l , l fa 
c o n g l o m e r a t e a t t h e base of t h e M i l f o r d Group c o n t a i n s c l a s t s of t h e u nder­
l y i n g B r o a d v i e w F o r m a t i o n w i t h t h e e a r l i e s t f o l i a t i o n v a r y i n g from c l a s t 
t o c l a s t " (Read, 1975, p. 29). 

G e n e r a l l y , more open but l o c a l l y i s o c l i n a l , n o r t h - t r e n d i n g Phase 
2 f o l d s w i t h u p r i g h t to s t e e p l y west d i p p i n g a x i a l s u r f a c e s a r e s u p e r p o s e d 
on t h e phase 1 f o l d s . These f o l d s dominate the s t r u c t u r e o f t h e Kootenay 
A r c and a c c o u n t f o r the pronounced n o r t h - s o u t h s t r u c t u r a l g r a i n , p a r t i c u l a r l y 
i n t h e s o u t h . I n t h e Lardeau a r e a , r a d i o m e t r i c d a t e s r e s t r i c t the second 
phase o f d e f o r m a t i o n to an i n t e r v a l between 178 m.y. and 164 m.y. The 
o l d e r l i m i t i s s e t by a K-Ar d a t e from the c o r e of t h e p r e - t o s y n - t e c t o n i c 
Kuskanax B a t h o l i t h , t h e younger by b o t h the p o s t - t e c t o n i c n o r t h e r n p a r t o f 
t h e N e l s o n B a t h o l i t h and the Mount C a r l y l e S t o c k (Read e t . a l . , 1975). 
The l a t e s t d i s c e r n i b l e d e f o r m a t i o n i n the A r c caused f a u l t i n g and g e n t l e 
f o l d i n g of t h e e a r l i e r s t r u c t u r e s . 

The B l u e b e l l d e p o s i t a t R i o n d e l ( F i g . 1-2) i n t h e c e n t r a l p a r t 
of t h e Kootenay A r c i s a r e p l a c e m e n t d e p o s i t i n l o w e r Cambrian m a r b l e . 
The H.B. mine a t Salmo i s one of a number of s t r a t i f o r m l e a d - z i n c d e p o s i t s 
i n t h e s o u t h e r n p a r t of t h e A r c w h i c h o c c u r i n t h e same s t r a t i g r a p h i c 
h o r i z o n as t h e B l u e b e l l . The c e n t r a l p a r t o f t h e Kootenay A r c i s c r o s s e d 
d u r i n g t h e a f t e r n o o n o f Day 2. B l u e b e l l mine i s v i s i t e d l a t e t h a t a f t e r ­
noon and the H.B. mine on Day 3. 

The Shuswap Metamorphic Complex ( F i g . 1-1) i n the c o r e of t h e 
Columbian orogen c o m p r i s e s a narrow b e l t of h i g h - g r a d e metamorphic r o c k s 
l y i n g i m m e d i a t e l y west of t h e Kootenay A r c . I t s e a s t e r n boundary i s marked 
by a s e r i e s o f g n e i s s domes spaced a p p r o x i m a t e l y 80 km a p a r t ( R e e s o r , 1970). 
A number of s y n - and p o s t - t e c t o n i c b a t h o l i t h s i n t r u d e the metasediments of 
the Shuswap Complex. Shuswap l e a d - z i n c d e p o s i t s ( F i g . 1-2) c o n s i s t of 
h i g h l y deformed and metamorphosed s u l p h i d e l a y e r s w h i c h o c c u r i n c a l c a r e o u s 
s h a l e s of p r o b a b l e l o w e r Cambrian and p o s s i b l y o l d e r age. They g e n e r a l l y 
a r e f ound i n zones of g n e i s s m a n t l i n g the c o r e s o f the g n e i s s domes. 

D e p o s i t i o n of m i o g e o s y n c l i n a l s e d i m e n t s i n the Columbian Orogen 
i n s o u t h - e a s t e r n B.C. spanned an i n t e r v a l of more t h a n 1,100 m i l l i o n y e a r s . 
The a g g r e g a t e t h i c k n e s s of t h e s e s e d i m e n t s exceeds 14,000 m. They were 
d e r i v e d p r i m a r i l y from the N o r t h A m e r i c a n c r a t o n t o t h e n o r t h - e a s t and 
c o n s e q u e n t l y were d e p o s i t e d as a n o r t h - e a s t e r l y t a p e r i n g s e d i m e n t a r y wedge 
on t h e w e s t e r n m a r g i n of t h e c o n t i n e n t . 



The o l d e s t r o c k s exposed w i t h i n the P u r c e l l A n t i c l i n o r i u m a r e 
a r g i l l i t e s , mudstones, i n t e r c a l a t e d s a n d s t o n e s and s t r o m a t o l i t i c c a r b o n a t e s 
of t he P u r c e l l Supergroup of H e l e k i a n age ( F i g . 1-3). Coarse e l a s t i c s and 
s l a t e s of the Windemere Supergroup of H a d r y n i a n age uncon f o r m a b l y o v e r l i e 
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Figure l~3: Table of Formations. 

t h e d o m i n a n t l y f i n e - g r a i n e d e l a s t i c s of the P u r c e l l Supergroup. The Windemere 
Supergroup i n c l u d e s t h e H o r s e t h i e f Creek Group, a t h i c k a c c u m u l a t i o n of s h a l e , 
q u a r t z i t e , g r i t and q u a r t z - p e b b l e c o n g l o m e r a t e , and the Toby F o r m a t i o n , a 
b a s a l c o n g l o m e r a t i c mudstone. A s u c c e s s i o n o f P a l e o z o i c q u a r t z i t e , c a r b o n a t e s 
and f i n e - g r a i n e d c l a s t i c r o c k s o v e r l i e s Windemere r o c k s . W e l l - s o r t e d Lower 
Cambrian q u a r t z i t e of the H a m i l l Group o v e r l i e s t h e H o r s e t h i e f Creek Group 
and i s i n t u r n o v e r l a i n by t he Badshot F o r m a t i o n , a t h i n but w i d e s p r e a d 
c a r b o n a t e u n i t . The Badshot i s t h e h o s t of v i r t u a l l y a l l the r e p l a c e m e n t and 
s t r a t i f o r m l e a d - z i n c d e p o s i t s i n the Kootenay A r c ( F i g . 1-2). D e p o s i t s i n 
the Badshot i n c l u d e : t h e Wigwam d e p o s i t s o u t h of R e v e l s t o k e (Thompson, i n 
p r e s s ) , t h e Duncan d e p o s i t n o r t h of Kootenay Lake, the B l u e b e l l Mine, and 
the H.B. and Reeves Mines i n the Salmo a r e a ( F y l e s , 1959). The Badshot i s 
o v e r l a i n by the L a r d e a u Group, a t h i c k a c c u m u l a t i o n of a r g i l l i t e s , s h a l e s , 
c a l c a r e o u s s h a l e s and. minor q u a r t z i t e s of m i d d l e Cambrian and l a t e r age. 
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PART 2 

DAY 1: GEOLOGY OF THE SULLIVAN OREBODY 

(P. W. Ransom) 

INTRODUCTION 

The S u l l i v a n orebody was d i s c o v e r e d i n 1892 and a f t e r u n s u c c e s s f u l 
a t t e m p t s t o mine and s m e l t the o r e by v a r i o u s owners i t was a c q u i r e d by t h e 
C o n s o l i d a t e d M i n i n g and S m e l t i n g Co. L t d . (now Cominco L t d . ) i n 1909. The 
S u l l i v a n C o n c e n t r a t o r , the f i r s t a p p l i c a t i o n of d i f f e r e n t i a l f l o t a t i o n t o 
an o r e of such c o m p l e x i t y , went i n t o o p e r a t i o n i n 1923 a t 3000 t o n s * p e r day. 
M i l l t h r o u g h p u t was i n c r e a s e d i n s t a g e s u n t i l 1941 when t h e c a p a c i t y was 
11,000 t o n s p e r o p e r a t i n g day. C u r r e n t m i l l i n g r a t e s a r e 9200 t o n s per 
o p e r a t i n g day. To d a t e 114 m i l l i o n t o ns of o r e a t 6.7% Pb and 5.8% Zn has 
been mined from t h e S u l l i v a n . Remaining d i l u t e d normal r e s e r v e s , c o r r e c t e d 
f o r e x t r a c t i o n l o s s e s , a r e 56 m i l l i o n tons a t 4.9% Pb and 6.1% Zn and s h o u l d 
l a s t a n o t h e r 25 y e a r s under c u r r e n t c o n d i t i o n s . M e t a l p r o d u c t i o n i s summa­
r i z e d on F i g . 2-6. 

GEOLOGY 

REGIONAL SETTING AND STRUCTURE 

The S u l l i v a n o c c u r s a t the c o n t a c t of t h e lo w e r and m i d d l e 
d i v i s i o n s of t h e A l d r i d g e F o r m a t i o n . The AJLdridge F o r m a t i o n i s a 4500 m 
t h i c k s t a c k of f l y s c h o i d s e d i m e n t s , p o s s i b l y a submarine f a n type of d e p o s i t 
t h a t formed i n an i n l a n d sea o r i n an ocean b a s i n . The sediments a r e a r g i l ­
l i t e s , s i l t s and q u a r t z wackes r a n g i n g i n t h i c k n e s s from f i n e l a m i n a e t o 
ma s s i v e u n i t s 12 m t h i c k . Most t y p i c a l a r e beds 9 t o 60 cm t h i c k , g e n e r a l l y 
i n c l u s t e r s 1.5 t o 15 m t h i c k s e p a r a t e d by t h i n n e r bedded and l a m i n a t e d 
u n i t s . Carbonate i s p r e s e n t but r a r e i n t h e s e s e d i m e n t s . I t may have 
been p r e s e r v e d a t depths below t h e c a r b o n a t e compensation d e p t h by r a p i d 
b u r i a l . The sediments a r e i n t r u d e d by s i l l s of gabbro 15 t o 300 m t h i c k 
on w h i c h a c c e p t e d age d a t e s range from 1100 to 1500 m i l l i o n y e a r s b.p. 

The P u r c e l l a n t i c l i n o r i u m i s t h e dominant r e g i o n a l s t r u c t u r e . 
I t i s c h a r a c t e r i z e d by open f o l d s p l u n g i n g g e n t l y t o the n o r t h . The 
S u l l i v a n o c c u r s on t he e a s t s i d e of t h i s s t r u c t u r e on the e a s t f l a n k of 
an open a n t i c l i n e . The orebody i t s e l f i s some 2000 m i n d i a m e t e r , p r e ­
d o m i n a n t l y a m a s s i v e s u l p h i d e l e n s 30 t o 90 m t h i c k . On t h e e a s t i t 
c o n s i s t s o f a 30 m t h i c k s e r i e s of m a s s i v e banded and l a m i n a t e d s u l f i d e s 
s e p a r a t e d by beds o f a r g i l l a c e o u s s i l t s t o n e . The shape of the orebody i s 
somewhat l i k e t h a t of a t i l t e d i n v e r t e d s a u c e r . The orebody d i g s 0 t o 
10 e a s t on the upper l e v e l s (west s i d e o f the m i n e ) , 10 t o 20 e a s t and 
n o r t h e a s t i n t h e c e n t r a l p a r t , and 30 t o 50° e a s t and n o r t h e a s t on the 
low e r l e v e l s . 

* SHORT TONS 
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FOOTWALL OF THE SULLIVAN OREBODY 

Bedded F o o t w a l l S e r i e s 

T h i s u n i t o c c u p i e s a t l e a s t a 150 m t h i c k i n t e r v a l below t h e 
S u l l i v a n orebody. Beds a r e c h a r a c t e r i s t i c a l l y 30 cm t h i c k , graded from 
s i l t s t o n e of v a r i a b l e a r g i l l i t e c o n t e n t t o a r g i l l i t e . Hardness and c o l o r 
b o t h v a r y w i t h changes i n c o m p o s i t i o n and a l t e r a t i o n . C r o s s l a m i n a e a r e 
r a r e l y o b s e r v e d . The main m i n e r a l c o n s t i t u e n t s a r e q u a r t z , s e r i c i t e , 
b i o t i t e and c a r b o n a t e . The i n t e r v a l 6 t o 15 m below t h e s u l f i d e f o o t w a l l 
i s c h a r a c t e r i z e d by p y r r h o t i t e l a m i n a t i o n s spaced about 1 cm a p a r t near 
the base and 1 t o 3 mm a p a r t near the t o p . I n c o n t r a s t , the o v e r l y i n g 
s e d i m e n t s have l i t t l e o r no p y r r h o t i t e . B i o t i t e i s o f t e n a s s o c i a t e d w i t h 
i r o n s u l f i d e s i n t he f o o t w a l l . 

I n t e r r u p t i o n s t o t h e Bedded F o o t w a l l S e r i e s 

i ) C h a o t i c B r e c c i a - F i g s . 2-3 and 2-4 
A r e a s o f c h a o t i c b r e c c i a c o n t a i n i n g f r a g m e n t s and b l o c k s o f 

l o c a l l y d e r i v e d s e d i m e n t a r y m a t e r i a l from l e s s t h a n 1 cm t o 10 m i n s i z e 
have been mapped underground. The l a r g e s t b r e c c i a a r e a i s 120 m wide by 
900 m l o n g . They a r e e l o n g a t e i n a n o r t h - s o u t h d i r e c t i o n . Some a r e a s 
have s m a l l e r f r a g m e n t s ( l e s s t han 0.5 m) t h a t a r e w e l l rounded; t h i s 
r o u n d i n g may have o c c u r r e d when e s c a p i n g f l u i d s abraded the fr a g m e n t s d u r i n g 
major s h i f t i n g o f m a t e r i a l i n the b r e c c i a a r e a s . A l t h o u g h v a r i a b l y m i n e r ­
a l i z e d w i t h p y r r h o t i t e the m a t r i x c o n t a i n s l i t t l e g a l e n a o r s p h a l e r i t e . 

i i ) C onglomerate - F i g s . 2-3 and 2-4 
An i n t r a f o r m a t i o n a l c o n g l o m e r a t e i n t e r r u p t s t h e sequence s h o r t l y 

below t h e f o o t w a l l o f the orebody. I t v a r i e s i n t h i c k n e s s from 0 t o 60 m 
and i n p l a n i t o c c u p i e s an a r e a 900 m by 120 m, about t w o - t h i r d s t h e s i z e 
of t he orebody. The c o n g l o m e r a t e c o n s i s t s o f rounded t o a n g u l a r c l a s t s o f 
a r g i l l i t e , s i l t y a r g i l l i t e , and o c c a s i o n a l l y q u a r t z i t e i n an a r g i l l a c e o u s 
s i l t y m a t r i x . The p r o p o r t i o n of c l a s t s t o m a t r i x ranges v a r i e s c o n s i d e r a b l y . 
P y r r h o t i t e i s a t y p i c a l but v a r i a b l e a c c e s s o r y a c c e n t u a t i n g e i t h e r t h e 
m a t r i x o r t h e c l a s t s ; i t o c c u r s as l a m i n a t i o n s i n c e r t a i n c l a s t s and as 
r i m s on o t h e r c l a s t s . At some l o c a t i o n s c l a s t s a r e s m a l l ragged f r a g m e n t s 
t h a t i n d i c a t e n e a r - c o m p l e t e d e s t r u c t i o n o f a p y r r h o t i t e l a m i n a t e d s e d i m e n t . 

i i i ) T o u r m a l i n e and C h l o r i t e A l t e r a t i o n - F i g . 2-4 
The t o u r m a l i n e a l t e r e d zone a l s o o c c u p i e s an a r e a about two t h i r d s 

th e s i z e o f t h e orebody. I n hand specimen t h i s r o c k i s h a r d , b l a c k t o brown 
i n c o l o r , and r e s e m b l e s a c h e r t , w h i c h i t i s c a l l e d l o c a l l y . P r i m a r y s e d i ­
mentary f e a t u r e s such as p y r r h o t i t e l a m i n a e , c o n g l o m e r a t e c l a s t s , and s i l t y 
beds a r e f a i t h f u l l y p r e s e r v e d . I n t h i n - s e c t i o n one sees t h a t t h e o r i g i n a l 
a r g i l l a c e o u s f r a c t i o n o f the sediment has been c o n v e r t e d t o a f i n e mush of 
t o u r m a l i n e n e e d l e s , some of w h i c h p e n e t r a t e q u a r t z g r a i n s . The bottom l i m i t 
of t he t o u r m a l i n i z e d zone i s not known. D r i l l i n g has shown t h a t i t e x t e n d s 
down a t l e a s t t o t he gabbro s i l l 450 m below below t h e orebody. Both t r a n s -
g r e s s i v e and c o n c o r d a n t c o n t a c t r e l a t i o n s h i p s of t o u r m a l i n i z e d s e d i m e n t s 
have been o b s e r v e d . 
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FAULTS ALONG ORE F.W. AREAS OF CHAOTIC BRECCIA 

Meters 
60 

30-60 
15-30 
0-15 

CONGLOMERATE ISOPACHS 

Meters 
1 60-100 

30- 60 
3 12- 30 
k 0 - 1 2 

SULFIDE ISOPACHS 

LEGEND 
LIMITS OF ORE 

S c a l e 
1000 Ft" 

1 km 

Fe - C e n t r a l Iron Zone 

MINE PLAN SHOWING 
LOWER LEVELS AND TOUR ROUTE 

FIGURE 2-3 FAULTS, BRECCIA DISTRIBUTION, CONGLOMERATE 
AND SULFIDE ISOPACHS AND MINE WORKINGS 
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T o u r m a l i n i z a t i o n i s p o s t - d a t e d by c h l o r i t i z a t i o n t h a t o c c u r s 
b o t h a l o n g s t e e p f r a c t u r e zones w e l l below the orebody and, i n p l a c e s , 
as an e n v e l o p e up t o 4.5 m t h i c k s e p a r a t e d from t h e m a s s i v e p y r r h o t i t e 
o r e by a c o a r s e - g r a i n e d p y r i t e zone up t o 4.5 m t h i c k . 

i v ) M i n e r a l i z e d F r a c t u r e Systems i n the F o o t w a l l 
Recent d e t a i l e d mapping o f f r a c t u r e systems i n the f o o t w a l l has 

r e v e a l e d a number of i n t e r e s t i n g f e a t u r e s w h i c h d e f i n e a p a r a g e n e t i c s e ­
quence of e v e n t s . They a r e : 

1. Boron a l t e r a t i o n . T h i s i s p r e s e r v e d as t o u r m a l i n i z e d s e d i ­
mentary m a t e r i a l . One can o b s e r v e s t e e p c r o s s - c u t t i n g t o u r ­
m a l i n i z e d zones t h a t f a d e r a p i d l y l a t e r a l l y i n t o u n a l t e r e d 
s e d i m e n t s . Near the o r e f o o t w a l l , c o n f o r m a b l e beds of t o u r ­
m a l i n i z e d sediment a r e i n t e r c a l a t e d w i t h u n a l t e r e d beds. 

2. P y r r h o t i t e - f i l l e d f r a c t u r e s w i t h s c h e e l i t e ( c h e m i c a l v e r i ­
f i c a t i o n p ending) and c a s s i t e r i t e . 

3. P y r r h o t i t e - f i l l e d f r a c t u r e s w i t h minor c h a l c o p y r i t e . 

4 . S p h a l e r i t e w i t h minor g a l e n a f i l l e d f r a c t u r e s . 

5 . G a l e n a - s p h a l e r i t e f i l l e d f r a c t u r e s . 

E v i d e n c e of movement of m a t e r i a l , such as one might e x p e c t from 
f l u i d s t r e a m i n g , i s w e l l demonstrated i n s t e e p f r a c t u r e s i n w h i c h rounded 
and a l i g n e d t o u r m a l i n i z e d fragments o c c u r t i g h t l y packed i n a s p h a l e r i t e -
g a l e n a m a t r i x . 

C r o s s - c u t t i n g r e l a t i o n s h i p s i n d i c a t e a system under t e n s i o n t h a t 
was p e r i o d i c a l l y s h i f t i n g , so t h a t e x i s t i n g channelways c l o s e d and new ones 
opened. 

v) Gabbro i n t r u s i v e - F i g . 2-4 
A p a i r of gabbro s i l l s 15 t o 60 m t h i c k s e p a r a t e d by about 90 m 

of g r a n o p h y r e i n t r u d e t h e sediments about 450 m below t h e orebody. The 
c h a r a c t e r of t h e i n t r u s i v e a b r u p t l y changes below the west m a r g i n of t h e 
orebody where i t c u t s v e r t i c a l l y t h r o u g h t h e s t r a t i g r a p h y t o about t h e mine 
h o r i z o n , and a t t h a t p o i n t t h e i n t r u s i v e becomes s i l l - l i k e a g a i n . 

SULLIVAN ORE ZONE 

G e n e r a l 

S u l l i v a n s t r a t i g r a p h y i s summarized on t h e I d e a l Geology S e c t i o n 
( F i g . 2-1). T h i s s t r a t i g r a p h y a p p l i e s t o about one t h i r d of the orebody 
a l o n g the e a s t s i d e . The c e n t r a l , n o r t h , and c e n t r a l i r o n zone p o r t i o n s 
of t h e orebody do not d i s p l a y good s e d i m e n t a r y t y p e s of l a m i n a t i o n s , e x c e p t 
toward t h e t h i n m a r g i n s , but r a t h e r d i s p l a y a c o n f u s e d s t r e a k i n g of c o a r s e r 
g r a i n e d and r e c r y s t a l l i z e d s u l f i d e s . The c e n t r a l m a s s i v e zone c o n s i s t s 
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t y p i c a l l y o f a g r e a t e r t h a n 45 in t h i c k n e s s of v i r t u a l l y s o l i d s u l f i d e s 
( F i g . 2-2). A wedge of m a s s i v e p y r r h o t i t e t h i c k e n s toward the c e n t r a l 
i r o n zone where p y r i t e b e g i n s t o p r e d o m i n a t e . Much of t h e c e n t r a l i r o n 
zone i s h e a v i l y c h l o r i t i c ( w i t h p y r i t e ) and t h i n s from g r e a t e r than 30 m 
t o 3 m a t one l o c a t i o n . To t h e s o u t h , a s e d i m e n t a r y c h a r a c t e r i s r e c o g n i z e d 
a g a i n ; however, i n p l a c e s t h e dominant o r e b e a r i n g h o r i z o n s a r e above t h e 
M ain Band. F u r t h e r t o t h e s o u t h , i n the v i c i n i t y o f t h e Open P i t , a number 
of q u a r t z i t e s o c c u r w i t h i n t h e s e c t i o n , t h e o r e i s much l o w e r i n grade and 
d i s s e m i n a t e d i n c h a r a c t e r . I n c r e a s i n g amounts of p y r i t e a r e o b s e r v e d 
toward the m a r g i n s of t h e orebody and p y r i t e i s t h e dominant s u l f i d e beyond 
the m a r g i n s i n t h e immediate mine a r e a . 

M a i n Band t o D S u l f i d e s 

The Main Band i s composed of m a s s i v e s u l f i d e s , p r e d o m i n a n t l y 
p y r r h o t i t e , p y r i t e , g a l e n a and s p h a l e r i t e i n v a r y i n g p r o p o r t i o n s though 
p y r r h o t i t e i s dominant, f o r m i n g about 70% of a l l s u l f i d e s . I n the o b v i ­
o u s l y s t r a t i f o r m p a r t of t h e orebody, t h e M a i n Band i s t y p i c a l l y l a m i n a t e d 
and banded. The main gangue m i n e r a l s a r e c a r b o n a t e , q u a r t z , p a l e m i c a , 
c h l o r i t e and g a r n e t . 

i ) M a i n Band F r a g m e n t a l 
There a r e a r e a s i n the bottom h a l f o f the M a i n Band t h a t a r e 

composed of d e f i n i t e f r a g m e n t s of a v a r i e t y of t y p e s i n a f i n e - g r a i n e d 
m a s s i v e s u l f i d e m a t r i x . The most common f r a g m e n t a l m a t e r i a l i n t h i s u n i t 
i s c o a r s e p o r p h y r o b l a s t i c p y r i t e c o n s i s t i n g of l a r g e i n d i v i d u a l c r y s t a l s 
1 t o 3 cm a c r o s s , o r l a r g e r masses of c o a r s e - g r a i n e d p y r i t e g e n e r a l l y l e s s 
t h a n 15 cm a c r o s s a l t h o u g h as l a r g e as 60 cm. The n e x t most abundant 
t y p e s of f r a g m e n t a l m a t e r i a l a r e c a l c i t e , q u a r t z , a r g i l l i t e , s p h a l e r i t e 
and p o s s i b l y gabbro. The fragments of a r g i l l i t e a r e perhaps t h e b e s t 
i n d i c a t o r s of the d i s r u p t i v e n a t u r e of t h i s u n i t . A r g i l l i t e f r a g m e n t s of 
d i f f e r i n g c o l o r , s t y l e , and w i t h o r w i t h o u t p y r r h o t i t e l a m i n a t i o n s , have 
a l l been o b s e r v e d w i t h i n a few m eters of each o t h e r . Where fr a g m e n t s have 
been o b s e r v e d i n l a m i n a t e d s u l f i d e s , the l a m i n a e a r e deformed below t h e 
b l o c k s , s u g g e s t i n g t h e b l o c k s dropped onto a l a m i n a t e d s u l f i d e sediment 
and were t h e n b u r i e d by s u l f i d e s , as i n d i c a t e d by t h e d r a p i n g of o v e r l y i n g 
s u l f i d e s . 

The m a t r i x of t h e f r a g m e n t a l u n i t i s f i n e - g r a i n e d and c o n s i s t s 
of a p p r o x i m a t e l y 40% q u a r t z , c a l c i t e , c h l o r i t e , and m i c a , and 60% s u l f i d e s . 
I t r e s e m b l e s t h e c o a r s e f r a c t i o n i n c o m p o s i t i o n . I n c o n t r a s t , n o r m a l t h i n -
bedded s u l f i d e s c o n t a i n much s m a l l e r q u a n t i t e s of n o n - s u l f i d e m a t e r i a l . 

O b s e r v a t i o n s of the f r a g m e n t a l u n i t s u g g e s t t h a t t h e f r a g m e n t s a r e 
i n t r o d u c e d and t h a t t h e y a r e p o s s i b l y d e r i v e d from t h e c o n d u i t t h r o u g h w h i c h 
o r e - f o r m i n g f l u i d s p a s s e d . A l t e r n a t i v e l y , s l u m p i n g of u n c o n s o l i d a t e d s u l f i d e 
s e d iments w i t h u n d e r l y i n g s e d i m e n t s c o u l d be c o n s i d e r e d as the mechanism of 
o r i g i n . T h i s f r a g m e n t a l u n i t i s o n l y o c c a s i o n a l l y r e c o g n i z e d i n the s t r a t i ­
form p o r t i o n of the orebody. 
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i i ) Thin-Bedded Ore 
The Main Band and the h i g h e r A, B, C and D bands a r e composed 

o f t h i n l y - b e d d e d t o l a m i n a t e d s u l p h i d e s e x c e p t where the f r a g m e n t a l u n i t 
i s d e v e l o p e d . The t h i n - b e d d e d o r e i s c h a r a c t e r i z e d by a l t e r n a t i n g mono-
m i n e r a l i c bands of t h e main s u l f i d e s , p y r r h o t i t e , g a l e n a , and s p h a l e r i t e . 
The m a t r i x of t h e t h i n - b e d d e d o r e has v a r i a b l e amounts of s i l i c a t e s and 
c a r b o n a t e s . The change from one s u l f i d e band t o a n o t h e r i s r a p i d , w i t h i n 
1 t o 2 mm. A r g i l l a c e o u s bands o c c u r w i t h i n t h e uppermost p a r t of the M a i n 
Band and i n each of t h e upper bands. 

The waste bands below each of t h e h i g h e r o r e bands v a r y from 
0.6 t o 3.5 m i n t h i c k n e s s . Each of t h e s e bands c o n s i s t s of one o r two 
beds o f s i l t y a r g i l l i t e and a r g i l l a c e o u s s i l t s t o n e i n w h i c h g r a d i n g can 
sometimes be r e c o g n i z e d . P y r r h o t i t e l a m i n a t i o n s and p y r r h o t i t e n o d u l e s a r e 
common i n t h e s e bands and have been o b s e r v e d o c c a s i o n a l l y t o grade a l o n g 
s t r i k e i n t o a s u l f i d e band. D i s t i n c t i v e l o n g s l a b s of p y r r h o t i t i c s e d i ­
ments, p o s s i b l y r i p - u p s , a l s o o c c u r . 

These t h i c k waste beds r e p r e s e n t e i t h e r r a p i d d e p o s i t i o n of non-
s u l f i d e sediment o r h i a t u s e s i n e i t h e r s u l f i d e p r o d u c t i o n o r s u l f i d e o v e r f l o w 
from t h e a r e a t h a t i s now the t h i c k e s t p a r t of t h e orebody. 

M e t a l D i s t r i b u t i o n - F i g . 2-2 

The d i s t r i b u t i o n maps f o r t o t a l Pb, Zn, Ag, and Sn show t h a t t h e 
g r e a t e s t amounts of t h e m e t a l s a r e i n t h e t h i c k e s t p a r t of the orebody and 
t h a t t h e y d e c r e a s e somewhat s y m m e t r i c a l l y away from t h i s zone. The r a t i o 
maps f o r Pb:Zn and Ag:Pb b o t h show an a s y m m e t r i c a l d e c r e a s e i n r a t i o away 
from t h e c e n t r a l p a r t of t h e mine t o the m a r g i n s and, f o r the Pb:Zn r a t i o , 
a d e c r e a s e toward t h e c e n t r a l i r o n zone as w e l l . These o b s e r v a t i o n s s u p p o r t 
t h e i d e a t h a t m e t a l - r i c h s o l u t i o n s e n t e r e d a c o l l e c t i n g b a s i n on t h e sea 
f l o o r a t a l o c a t i o n c o r r e s p o n d i n g t o t h a t now o c c u p i e d by t h e c e n t r a l i r o n 
zone o r the t h i c k e s t p a r t of the orebody. The b u l k of t h e l e a d and i r o n 
s u l f i d e s p r e c i p i t a t e d i n the deep p a r t of the c o l l e c t i n g b a s i n l e a v i n g the 
r e m a i n i n g z i n c - r i c h s o l u t i o n s t o s p r e a d out f u r t h e r b e f o r e p r e c i p i t a t i n g . 
S i l v e r a ppears t o have e n t e r e d the g a l e n a s t r u c t u r e p r e f e r e n t i a l l y i n t h e 
a r e a a d j a c e n t t o t h e supposed v e n t where h i g h e r t e m p e r a t u r e s may have e x i s t e d . 

S u l p h u r I s o t o p e I n f o r m a t i o n 

D e t a i l e d s u l f u r i s o t o p e s t u d i e s on t h e M a i n Band to D Band s u l f i d e s 
c o n d u c t e d a t the U n i v e r s i t y of C a l g a r y have y i e l d e d some i n t e r e s t i n g r e s u l t s . 
There i s a g e n e r a l i n c r e a s e i n t h e r e l a t i v e amount of t h e l i g h t e r i s o t o p e 
g o i n g up t h r o u g h t h e e n t i r e sequence. As w e l l , w i t h i n each band t h e r e i s 
an i n c r e a s e i n t h e r e l a t i v e abundance i n the l i g h t e r i s o t o p e g o i n g from 
bottom t o t o p . C y c l i c a l changes i n c h e m i c a l e n v i r o n m e n t a l c o n d i t i o n s from 
r e d u c i n g t o o x i d i z i n g have been s u g g e s t e d t o e x p l a i n t h e s e phenomena. 
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THE HANGINGWALL SERIES 

I n t h e 15 t o 30 m above the main o r e sequence a r e f o u r d i s t i n c t i v e 
graded s e r i e s , t h e I , H, hu and HU marker beds. These beds commonly have 
c l e a r l y v i s i b l e q u a r t z g r a i n s a t t h e i r b a s e s , f o l l o w e d by 1 t o 2 m of 
a r g i l l a c e o u s q u a r t z i t e t h a t grades i n t o a s i l t s t o n e , and a r e capped by a 
r e l a t i v e l y t h i c k a r g i l l i t e t o p . The o v e r a l l t h i c k n e s s of t h e s e beds i s 
between 2 and 6 m. Each i s o v e r l a i n by an a r g i l l a c e o u s u n i t h a v i n g p y r r h o ­
t i t e l a m i n a t i o n s and f l a k e s and w h i c h grade i n t o t h e I , H, and HU o r e bands. 
The t h i c k graded beds a r e i n t e r p r e t e d as t u r b i d i t e s w hich s e t t l e d out i n 
th e S u l l i v a n a r e a as u n u s u a l l y t h i c k beds because of l o c a l t o p o g r a p h i c 
f e a t u r e s . 

H a n g i n g w a l l Conglomerate 

T h i s u n i t o c c u r s i n t h e H S e r i e s i n t h e s o u t h e r n h a l f o f t h e 
S u l l i v a n . The c o n g l o m e r a t e c o n t a i n s s u l f i d e o r e c l a s t s i n a d d i t i o n t o 
t h e u s u a l a r g i l l i t e c l a s t s . T h i s c o n g l o m e r a t e i s i n t e r p r e t e d as a s l o u g h 
f r o m a hump of p r e v i o u s l y d e p o s i t e d s u l f i d e s t h i c k e n e d t h r o u g h s l i g h t 
g r a v i t y s l i d i n g . The HU s e r i e s has been t r a c e d over t h e H a n g i n g w a l l Con­
g l o m e r a t e . 

HU Ore 

The HU o r e , i f of e x c e p t i o n a l l y h i g h grade, i s c o n s i d e r m i n e a b l e 
when o n l y 25 cm t h i c k . I t a t t a i n s more normal t h i c k n e s s e s (1 to 3 m) and 
gra d e s e l s e w h e r e . The HU o r e h o r i z o n i s co n n e c t e d by a v e r t i c a l zone of 
s u l f i d e s t o t he u n d e r l y i n g Main Band. The HU o r e may have formed by r e m o b i -
l i z a t i o n of p r e v i o u s l y d e p o s i t e d s u l f i d e s w h i l e they were b e i n g s u b j e c t e d 
to t he f i r s t s t a g e s of d i a g e n e s i s . 

U Q u a r t z i t e s 

The HU s e r i e s i s o v e r l a i n by a s e r i e s o f graded q u a r t z i t e s and s i l t -
s t o n e s g e n e r a l l y r e g a r d e d as normal m i d d l e A l d r i d g e . 

P y r r h o t i t e L a m i n a t i o n s - F i g . 2-5 

S e v e r a l s e t s of p y r r h o t i t e l a m i n a t i o n s w i t h i n a r g i l l i t e , t h a t can 
be matched l a t e r a l l y o v e r g r e a t d i s t a n c e s , o c c u r w i t h i n t h e S u l l i v a n s t r a t ­
i g r a p h y . There a r e two s e t s i n t he f o o t w a l l , two between t h e D o r e band and 
the o v e r l y i n g I q u a r t z i t e , s e v e r a l s e t s between the I and H q u a r t z i t e s , and 
one each above the H and HU q u a r t z i t e s . The upper t h r e e a r e s t r a t i g r a p h i c a l l y 
e q u i v a l e n t t o t h e I , H, and HU o r e bands. 

These s e t s o f p y r r h o t i t e l a m i n a t i o n s c o n s i s t of 30 t o 100 p y r r h o ­
t i t e l a m e l l a e o v e r a 10 t o 20 cm s t r a t i g r a p h i c i n t e r v a l . V a r i a t i o n s i n 
s p a c i n g between p y r r h o t i t e l a m i n a t i o n s and p e r f e c t u n i f o r m i t y of t h e s e 
v a r i a t i o n s i n a l a t e r a l sense has r e s u l t e d i n p a t t e r n s t h a t a r e u n i q u e . 
The g r e a t e s t d i s t a n c e o v e r w h i c h one of t h e s e markers has been t r a c e d i s 
1500 m. 
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A l b i t e and C h l o r i t e - P y r i t e A l t e r a t i o n 

A l b i t e i s the main a l t e r a t i o n of t h e h a n g i n g w a l l a r e a s , I t i s 
c h a r a c t e r i z e d by the p a r t i a l to com p l e t e a l t e r a t i o n o f o r i g i n a l s e d i m e n t s 
to an a l b i t e r o c k , W i t h i n c r e a s i n g i n t e n s i t y , a l l s e d i m e n t a r y c h a r a c t e r ­
i s t i c s a r e o b l i t e r a t e d . C h l o r i t e o c c u r s most e x t e n s i v e l y a t t he s u l f i d e 
h a n g i n g w a l l c o n t a c t o v e r t h e c e n t r a l p a r t o f the orebody. A c o a r s e g r a i n e d 
p y r i t e zone 1 t o 5 si t h i c k i s e n c o u n t e r e d t y p i c a l l y under t h e c h l o r i t e a t 
the h a n g i n g w a l l , s i m i l a r t o t h e o c c u r r e n c e a t the f o o t w a l l . C h l o r i t e , 
accompanied by p y r i t e , i s a l s o found i n narrow f r a c t u r e s p e n e t r a t i n g t h e 
a l b i t e a l t e r a t i o n zone. 

DYKES AND FAULTS 

Lamprophyre Dykes 

A s m a l l number of C r e t a c e o u s lamprophyre dykes l e s s t h a n 1 m 
wide o c c u r a t t h e S u l l i v a n . They a r e commonly d i s r u p t e d by low a n g l e and 
be d d i n g p l a n e f a u l t s . 

NW S t r i k i n g Dykes 

Three d y k e s , g e n e r a l l y l e s s t h a n 12 m t h i c k , s t r i k e n o r t h - w e s t 
a c r o s s t h e s o u t h e r n p o r t i o n o f the orebody. Two appear t o be o f f s h o o t s o f 
the main gabbro mass i n the f o o t w a l l . One has been i d e n t i f i e d p e t r o g r a p h i -
c a l l y as an a l b i t a - c h l o r i t e r o c k and as s u c h may have been a c o n d u i t f o r 
f l u i d s t h a t formed t h e a l b i t e i n t h e h a n g i n g w a l l . 

K i m b e r l e y F a u l t 

S t r a t i g r a p h y on t h e n o r t h s i d e o f t h e orebody i s o f f s e t a t l e a s t 
3000 m by a normal f a u l t t h a t s t r i k e s e a s t - w e s t and d i p s 55 n o r t h . The 
s t r a t i g r a p h i c i n t e r v a l from t h e base of t h e Main Band t o t h e I Q u a r t z i t e 
r e mains r e l a t i v e l y c o n s t a n t up t o the K i m b e r l e y F a u l t . Even though m i n i n g 
l i m i t s a r e 30 m s o u t h of the f a u l t , s u l f i d e s can be t r a c e d to t h e f a u l t . 

S u l l i v a n Type F a u l t s 

F a u l t s o f t h e " S u l l i v a n " t y p e d i s p l a c e o r e 30 m o r l e s s . They 
a r e n o r m a l f a u l t s t h a t s t r i k e 10 t o 20 e a s t of n o r t h and d i p s t e e p l y 
west. A complementary s e t of f a u l t s t h a t s t r i k e s west o f n o r t h i s n o t 
n e a r l y as w e l l d e v e l o p e d . ( F i g . 2-3). 

ORIGIN OF THE SULLIVAN OREBODY 

The mode of o r i g i n of t h e S u l l i v a n orebody has l o n g been c o n t r o ­
v e r s i a l . Now, however, v e r y few g e o l o g i s t s would d i s p u t e t h a t t h e d e p o s i t 
formed as a sediment on the sea f l o o r . I f i t i s assumed t h a t m e t a l - b e a r i n g 
s o l u t i o n s ascended t h r o u g h the f r a c t u r e system below t h e S u l l i v a n orebody 
and combined w i t h s e a w a t e r s u l f a t e t o p r e c i p i t a t e as s u l f i d e s on the s e a 
f l o o r then a r e a s o n a b l e s c e n a r i o can be d e s c r i b e d . 
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W i t h i n a l o c a l t e n s i o n a l e n v i r o n m e n t , t h e f o r m a t i o n of t h e c h a o t i c 
b r e c c i a , t h e c o n g l o m e r a t e (by s c a r p c o l l a p s e ) , a b a s i n s u i t a b l e f o r c o n t a i n ­
ment of s u l f i d e s , and a f r a c t u r e system s u i t a b l e f o r the t r a n s p o r t o f m e t a l -
b e a r i n g s o l u t i o n s t o the sea f l o o r can a l l be d e v e l o p e d . 

A s c e n d i n g f l u i d s changed i n c h a r a c t e r w i t h t i m e but t h e i r e f f e c t s 
a r e v e r y w e l l p r e s e r v e d i n the f o o t w a l l r o c k s of the mine and i n t h e n a t u r e 
of the o r e i t s e l f . I n i t i a l l y the f l u i d s were boron r i c h , the boron e n t e r i n g 
some of the s e d i m e n t s a l o n g s t e e p f r a c t u r e s as w e l l as p r e c i p i t a t i n g as a 
c h e m i c a l sediment on t h e sea f l o o r . Then i r o n - r i c h f l u i d s f l o w e d t h r o u g h 
the system and p r e c i p i t a t e d onto t h e s e a f l o o r r e s u l t i n g i n the f o r m a t i o n of 
the p y r i t e - c h l o r i t e zone i n t h e c e n t r a l p a r t of t h e mine, and a wedge of 
m a s s i v e p y r r h o t i t e h a v i n g low Pb-Zn v a l u e s s u r r o u n d i n g t h e p y r i t e - c h l o r i t e 
zone. T i n and t u n g s t e n a r e known to be a s s o c i a t e d p r i m a r i l y w i t h t h i s 
phase. T h i s was f o l l o w e d by t h e main o r e - f o r m i n g phase of p y r r h o t i t e , 
s p h a l e r i t e and g a l e n a . W i t h the system waning somewhat, a r g i l l a c e o u s 
s e d i m e n t s were d e p o s i t e d p e r i o d i c a l l y . The h y d r o t h e r m a l system changed, 
f i n a l l y , t o one w h i c h r e s u l t e d i n the f o r m a t i o n of t h e h a n g i n g w a l l a l b i t i t e 
d u r i n g , o r s h o r t l y a f t e r , the h a n g i n g w a l l sediments were d e p o s i t e d . T h i s 
e f f e c t i v e l y capped t h e orebody and t h e h y d r o t h e r m a l system was c l o s e d . 

The c o n t r o v e r s y now c o n f r o n t i n g us i s : What was t h e s o u r c e of the 
m e t a l s ? Two a l t e r n a t i v e s a r e : 

1. S c a v e n g i n g m e t a l s from sediments by b r i n e s moving w i t h i n a 
c o n v e c t i o n system powered by a h e a t s o u r c e a t depth. 

2. D e r i v i n g m e t a l s from a p o t e n t i a l v o l c a n i c o r p l u t o n i c c e n t r e 
a t d e p t h w h i c h f o r some r e a s o n got no f a r t h e r t h a n p r o v i d i n g 
the m e t a l s f o r the S u l l i v a n . 
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PART 3 

DAY 2 (A.M.): KIMBERLY TO CRESTON 

STRATIGRAPHY AND LITHOLOGY OF THE LOWER BELT SERIES 

IN THE PURCELL MOUNTAINS, BRITISH COLUMBIA 

(F. R. Edmunds) 

The e q u i v a l e n t t o the B e l t Supergroup i n B r i t i s h C o l u m b i a , 
Canada, i s the P u r c e l l Supergroup. That p o r t i o n t h r o u g h w h i c h t h e f i e l d 
t r i p r u n s c o m p r i s e s t h e A l d r i d g e , C r e s t o n , and K i t c h e n e r - S i y e h F o r m a t i o n s 
(see F i g . 3-1). 

The l o w e s t f o r m a t i o n e n c o u n t e r e d i s the A l d r i d g e , the e q u i v a l e n t 
o f t h e P r i c h a r d F o r m a t i o n i n Montana and Idaho. The base i s not exposed 
i n t he a r e a o f t h e f i e l d t r i p , but g n e i s s , i n t e r p r e t e d as basement, encoun­
t e r e d i n w e l l s i n the A l b e r t a f o o t h i l l s , has been d a t e d a t 1.8 b.y. (Burwash, 
1962). Exposed A l d r i d g e F o r m a t i o n i s between 4,000 and 5,000 m t h i c k i n 
the P u r c e l l M o u n t a i n s . I t c o n s i s t s o f greywacke u n i t s i n t e r b e d d e d w i t h 
a r g i l l i t e s , w i t h t h e e x c e p t i o n of 210 to 390 m o f t h i n bedded, l a m i n a t e d 
a r g i l l i t e s a t t h e t o p . 

The greywackes a r e metamorphosed, g r a d e d , impure s a n d s t o n e s . 
They p o s s e s s s o l e m a r k i n g s , i n c l u d i n g g r o o v e s , poor f l u t e s , and l o n g i t u d i n a l 
r i d g e s , and t h e i n t e r n a l s e d i m e n t a r y s t r u c t u r e s o f c r o s s - and c o n v o l u t e 
b e d d i n g , t h a t s u g g e s t t h e i r s i m i l a r i t y t o u n i t s a s c r i b e d e l s e w h e r e t o t u r ­
b i d i t y c u r r e n t s ( B i s h o p , M o r r i s , and Edmunds, 1970). I n t e r n a l s t r a t i f i c a t i o n 
o f t h e s e u n i t s p e r m i t s r e c o g n i t i o n o f t h e s t a n d a r d Bouma (Bouma, 1962) 
i n t e r v a l s , a l t h o u g h Bouma's B, C, and D l a y e r s do not appear t o f i t a 
r e g u l a r p a t t e r n of s u p e r - p o s i t i o n i n t h e A l d r i d g e F o r m a t i o n . C r o s s - b e d d i n g 
i n the C i n t e r v a l i n d i c a t e s a b a s i n a x i s r u n n i n g i n a N-S d i r e c t i o n t h r o u g h 
the c e n t r e o f t h e o u t c r o p a r e a . 

The greywackes a r e composed o f q u a r t z , p l a g i o c l a s e , b i o t i t e and 
s e r i c i t e , w i t h s m a l l amounts of K - f e l d s p a r , m u s c o v i t e , and g a r n e t . The 
f a b r i c i s r e c r y s t a l l i z e d , w i t h o u t b e i n g h o r n f e l s i c . The metamorphic grade 
i n c r e a s e s from g r e e n s c h i s t f a c i e s near t h e I n t e r n a t i o n a l Boundary t o amphib-
o l i t e f a c i e s i n the c o r e o f t h e Moyie a n t i c l i n e t o t h e n o r t h - e a s t ( B i s h o p , 
D.T., p e r s o n a l c o m m u n i c a t i o n ) . 

The a r g i l l i t e r o c k appears t o be t h e end of a s e r i e s t h a t i s 
t r a n s i t i o n a l w i t h t h e greywackes, i n w h i c h s e r i c i t e and b i o t i t e i n c r e a s e 
a t the expense of q u a r t z towards the a r g i l l i t e end. The u l t i m a t e end-
member i s a q u a r t z - s e r i c i t e (minor b i o t i t e , g r a p h i t e ) r o c k , c o m p l e t e l y 
d e v o i d of any c u r r e n t e f f e c t s , and a p p a r e n t l y w i t h o u t a d e t r i t a l component. 
T h i s i s equated w i t h t h e p e l a g i c m a t e r i a l o f t h e Bouma system. Where t h i s 
p e l a g i c o r i n t e r t u r b i d i t e m a t e r i a l i s b e s t d e v e l o p e d , i t p r o v i d e s a r g i l l i t e 
u n i t s of e x t r e m e l y f i n e , b l a c k - w h i t e l a m i n a t i o n t h a t may be matched, 
l a m i n a t i o n f o r l a m i n a t i o n a c r o s s d i s t a n c e s a p p r o a c h i n g 300 km. F o u r t e e n 
of t h e t h i c k e r u n i t s a r e used i n t h i s way as s t r a t i g r a p h i c m a r k e r s . 
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G r e e n a r g i 1 1 i t e s 

U . A L D R I D G E FORMATION 

M. A L D R I D G E FORMATION 

F l y s c h o i d g r e y w a c k e s 

L. A L D R I D G E FORMATION 

P r e - f l y s c h s h a l e s 

CHERRY CREEK GROUP 

50 n rn 
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~j o 
c u 

FIGURE 3H: Summary o f t h e P u r e e ) ] S u p e r g r o u p i n t h e 
P u r e e 11 Moun t a i n s . 



24 

The l o w e r d i v i s i o n of t h e A l d r i d g e f o r m a t i o n i s p o o r l y exposed. 
I t i s composed p r i n c i p a l l y of t h i n - b e d d e d p y r i t i c a r g i l l i t e s i n t h e r e g i o n 
of t h e f i e l d t r i p . No base i s v i s i b l e . The passage from the Lower t o t h e 
M i d d l e A l d r i d g e F o r m a t i o n i s marked by the f i r s t a ppearance of r e c o g n i z a b l e 
t u r b i d i t e u n i t s . I t a l s o c o n t a i n s a d i s c o n t i n u o u s s h e e t o f slump conglom­
e r a t e s t h a t a r e i n t e r p r e t e d as the p r o d u c t of t h e c o l l a p s e of l o c a l sub­
m a r i n e f a u l t s c a r p s . The f o o t w a l l r o c k s to t h e S u l l i v a n Mine c o n t a i n one 
of t h e s e u n i t s . The maximum exposure of Lower A l d r i d g e F o r m a t i o n i s 
p r o b a b l y about 900 m. 

The M i d d l e A l d r i d g e F o r m a t i o n c o n s i s t s of about 3,000 m of i n t e r -
bedded AE t u r b i d i t e u n i t s and a r g i l l i t e s . There i s l i t t l e a p p a r e n t d i f f e r ­
ence between t h e s e a r g i l l i t e s and t h o s e of the Lower A l d r i d g e e x c e p t t h a t 
the development of t h e marker u n i t s i s c o n f i n e d to about 1,500 m w i t h i n 
t h e M i d d l e s u b d i v i s i o n . 

The t u r b i d i t e u n i t s a r e non-graded, c o a r s e r - g r a i n e d , m e t a - a r e n i t e s 
i n g e n e r a l . I n most t h e r e i s minor g r a d i n g near the t o p , and i n many of 
t h e s e u n i t s a t h i n i n t e r v a l of p e l a g i c m a t e r i a l l i e s upon t h e s a n d - s i z e d 
f r a c t i o n . The sand f r a c t i o n commonly c o n t a i n s c o n c r e t i o n a r y b o d i e s of 
v a r y i n g c o m p o s i t i o n , g e n e r a l l y , however, i n c l u d i n g c a r b o n a t e m i n e r a l s . 
The s o l e s a r e c h a r a c t e r i z e d by m a r k i n g s i n d i c a t i v e of t h e h i g h e s t v e l o c i t i e s 
e n c o u n t e r e d : grooves up t o 0.6 m wide and g r e a t e r t h a n 5 m i n l e n g t h o c c u r . 
T h e i r d i r e c t i o n s and sense d e f i n e a t r a n s p o r t d i r e c t i o n from t h e s o u t h a t 
about t h e 49 l a t i t u d e , s w i n g i n g t o SW a few m i l e s t o the n o r t h . In o t h e r 
words, t h e y a r e a x i a l c u r r e n t s , a p p r o x i m a t e l y p e r p e n d i c u l a r t o t h o s e i n d i ­
c a t e d by the C i n t e r v a l s of t h e graded u n i t s . 

The AE t u r b i d i t e s p e r s i s t t h r o u g h about 2,000 m of s t r a t i g r a p h y . 
W i t h t h e i r t e r m i n a t i o n t o the M i d d l e A l d r i d g e F o r m a t i o n s t r o n g l y r e s e m b l e s 
the l o w e r s u b d i v i s i o n . Between 390 and 210 m from the top of t h e f o r m a t i o n 
t h e r e i s a f a i r l y a b r u p t change i n t o t h i n - b e d d e d , carbonaceous a r g i l l i t e s 
of t h e Upper s u b d i v i s i o n . W i t h i n the Upper A l d r i d g e r i p p l e - m a r k e d s u r f a c e s 
and v e r y m i nor l o a d - c a s t i n g a r e t h e p r i n c i p a l p r i m a r y s t r u c t u r e s o b s e r v e d . 

I n most e x p o s u r e s passage i n t o the o v e r l y i n g C r e s t o n F o r m a t i o n i s 
t r a n s i t i o n a l a c r o s s l e s s t h a n 300 m, but i n some p l a c e s i t i s a b r u p t . The 
t r a n s i t i o n i s marked, i n Canada, by the s i m u l t a n e o u s appearance of c r o s s -
bedded q u a r t z i t e l e n s e s no more than a metre i n l e n g t h , and a s l i g h t l y 
g r e e n i s h appearance t o weathered o u t c r o p s . 

The C r e s t o n F o r m a t i o n i s t h e f a c i e s e q u i v a l e n t of the R a v a l l i 
Group s o u t h o f the I n t e r n a t i o n a l Boundary. I t has a maximum t h i c k n e s s o f 
2,000 m, and t h i n s t o t h e n o r t h ( H a r r i s o n , 1972) i n Canada. I t i s composed 
o f p u r p l e , g r e y and g r e e n c o l o u r e d a r g i l l i t e s and s i l t s t o n e s , w i t h sequences 
c o n t a i n i n g t h i n (+ 5 cm), c r o s s - b e d d e d meta-sandstone. S u b d i v i s i o n s s i m i l a r 
to t h o s e named Burke, R e v e t t , and S t . R e g i s F o r m a t i o n s i n the U.S.A. a r e 
p r o b a b l y r e c o g n i z a b l e , but have not y e t been mapped. R i p p l e - m a r k e d s u r f a c e s 
a r e common; l o a d - c a s t i n g , and c u t - a n d - f i l l s t r u c t u r e s a r e l e s s so. 
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A c o n s i s t e n t f e a t u r e of the C r e s t o n F o r m a t i o n i n the r e g i o n 
c o v e r e d by t h e f i e l d t r i p i s one t h a t may be a t t r i b u t e d t o c r e e p and/or 
s e t t l i n g of s e m i - l i t h i f i e d , l a y e r e d r o c k . P u l l - a p a r t s t r u c t u r e s , t h e 
m i c r o - i n t r u s i o n of t h e s i l t f r a c t i o n i n t o and t h r o u g h , t h e c l a y s t o n e l a y e r s , 
and w h o l e s c a l e b r e c c i a t i o n of t h i n a r g i l l i t e beds a l l i n d i c a t e t h e i n s t a ­
b i l i t y of a sequence composed of t h i n l a y e r s of d i f f e r i n g v i s c o s i t i e s i n 
a s e m i - c o n s o l i d a t e d s t a t e . 

The C r e s t o n F o r m a t i o n p a s s e s f a i r l y r a p i d l y i n t o t h e K i t c h e n e r 
F o r m a t i o n . The K i t c h e n e r , w i t h a maximum t h i c k n e s s of 2,100 m i n Canada, 
i s t h e e q u i v a l e n t of the much t h i c k e r W a l l a c e F o r m a t i o n i n Montana and 
Idaho. I t i s r e f e r r e d to as the 'middle B e l t c a r b o n a t e member' by H a r r i s o n 
( H a r r i s o n , 1972), and i n t h e r e g i o n c o v e r e d by t h e f i e l d t r i p , i t i s a 
sequence o f g r e y t o b u f f w e a t h e r i n g d o l o m i t e s , a r g i l l a c e o u s d o l o m i t e s , 
and g r e y a r g i l l i t e s . 

S m a l l s c a l e s c o u r c h a n n e l s and r i p p l e marked b e d d i n g s u r f a c e s 
a r e f r e q u e n t i n the more a r g i l l a c e o u s sequences. S t r u c t u r e s e x i s t t h a t 
a r e r e p o r t e d as s t r o m a t o l i t e s (Leech, G.B., p e r s o n a l communication; and 
Ross, 1963), as w e l l as r e g i o n s of f i n e , c r e n u l a t e d , c a l c i t e v e i n i n g , 
named f m o l a r - t o o t h s t r u c t u r e 1 (Bauerman, 1884), and r e g a r d e d by some as 
h a v i n g an a l g a l o r i g i n ( F e n t o n , 1931). 

The S i y e h F o r m a t i o n i s a term f i r s t used f o r a l i m e s t o n e u n i t 
on S i y e h M o u n t a i n , Montana ( W i l l i s , 1902). I n Canada i t i s an u n f o r t u n a t e 
d e s i g n a t i o n because i t i s a p p l i e d t o whatever s e d i m e n t s , g e n e r a l l y a r g i l l i t e , 
o c c u r b e n e a t h t h e S i y e h v o l c a n i c s . The lower boundary i s i m p o s s i b l e t o 
i d e n t i f y i n t he a r e a of t h e f i e l d t r i p , and d e s c r i p t i o n s of l i t h o l o g y 
g e n e r a l l y r e f e r t o t h e S i y e h F o r m a t i o n as from 300 t o 600 m of a r g i l l a c e o u s 
d o l o m i t e s and l i g h t g r e y a r g i l l i t e s a t t h e top of t h e K i t c h e n e r ( R i c e , 1937). 

A t t h e n o r t h end o f Moyie L a k e , on P e a v i n e Creek, a few f e e t of 
p u r p l e m a r l y s h a l e s l i e above t h e " K i t c h e n e r - S i y e h " F o r m a t i o n . These a r e 
so s i m i l a r to r o c k of t h e S t r i p e d Peak F o r m a t i o n , 50 m i l e s s o u t h on the 
Montana-Idaho boundary, w i t h t h e same s t r a t i g r a p h i c p o s i t i o n , t h a t t h e i r 
c o r r e l a t i o n appears r e a s o n a b l e . 

The i n t r u s i v e s e n c o u n t e r e d i n the r e g i o n o f the f i e l d t r i p a r e 
h o r n b l e n d e - q u a r t z metagabbro s i l l s i n t he m i d d l e and l o w e r A l d r i d g e F o r m a t i o n . 
I n t h e l o w e r A l d r i d g e t h e y may a c c o u n t f o r w e l l o v e r h a l f of any measured 
s e c t i o n and a r e not p a r t i c u l a r l y s t r a t a - b o u n d . They c r o s s c u t the sedi m e n t s 
a t low a n g l e s t o u n i t e i n an i r r e g u l a r manner so t h a t t h e sedi m e n t s appear 
as s e p t a o r l a r g e l e n s e s . T h i c k n e s s e s up t o 450 m may be measured p e r p e n ­
d i c u l a r to t he s t r a t i g r a p h y . I n t he m i d d l e A l d r i d g e F o r m a t i o n t h e s i l l s 
may s t i l l o c c u r up to 300 m t h i c k , but i n r a t i o t o sediments t h e y a r e l e s s , 
and t h e i r c o n t a c t s a r e more n e a r l y s t r a t a - p a r a l l e l . The l a r g e r s i l l s a r e 
d i f f e r e n t i a t e d i n a r e g u l a r manner w i t h r e s p e c t t o Fe and Mg c o n t e n t ( B i s h o p , 
D.T., p e r s o n a l c o m m u n i c a t i o n ) , and u s u a l l y d e v e l o p a s i l i c i c o r ! g r a n o p h y r i c 1 

s t r a t u m near t h e t o p . 

Twelve m i l e s southwest of K i m b e r l e y a s m a l l s t o c k of g r a n o d i o r i t e , 
d a t e d a t 1260+50 m.y. by Rb/Sr methods, i n t r u d e s t h e l o w e r A l d r i d g e . I t 
appears t o p o s t - d a t e b o t h t h e metagabbro s i l l s , and the r e g i o n a l metamorphism 
(Ryan, and B l e n k i n s o p , 1970). 
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11 

10 

N 

LEGEND 

T e r t i a r y and Q u a r t e r n a r y c o v e r 

G r a n i t i c I n t r u s i v e s 

C r a n b r o o k and Eager F o r m a t i o n s - Cambrian 

H o r s e t h i e f Creek F o r m a t i o n 

Toby F o r m a t i o n 

Mount N e l s o n F o r m a t i o n 

Dutch Creek F o r m a t i o n 

K i t c h e n e r - S i y e h F o r m a t i o n 

C r e s t o n F o r m a t i o n 

A l d r i d g e F o r m a t i o n 

F o r t S t e e l e F o r m a t i o n 

Windermere Group 

> P u r c e l l Supergroup 

\ M a j o r F a u l t s 

G e o l o g i c C o n t a c t s 

Highways 

M a j o r R i v e r s 

FIGURE 3-2: R e g i o n a l Geology o f P a r t o f S o u t h e a s t B r i t i s h C o l u m b i a : 
Legend. 
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ROAD LOG: KIMBERLEY TO CRESTON 

Hwy 95A t o Cranbrook, Hwy 3/95 Cranbrook t o Yahk, 
and Hwy 3 Yahk t o C r e s t o n . 

The t r i p s t a r t s i n t he S u l l i v a n Mine h o r i z o n a t K i m b e r l e y and 
pa s s e s d o w n - s t r a t i g r a p h y as i t runs southwest t o Yahk. As i t c r o s s e s 
b o t h t h e S t . Mary and Moyie f a u l t s i t p a s s e s back i n t o r e l a t i v e l y h i g h e r 
s t r a t i g r a p h i c l e v e l s : t h e s e f a u l t s drop t h e sequence on t h e s o u t h s i d e . 

M i l e a g e 

0.0 Kimbrook I n n , K i m b e r l e y . 

2.5 Mark Creek and M a r y s v i l l e . 

2-5 STOP 3 - 1 - Lower A l d r i d g e s e d i m e n t s w i t h i n a few f e e t o f the 
S u l l i v a n Mine h o r i z o n a r e exposed i n the gorge below t h e b r i d g e . 
These a r e t h i n - b e d d e d and a r g i l l a c e o u s i n g e n e r a l , a l t h o u g h 
meta-sandstone u n i t s o c c u r . The main purpose of the Stop i s t o 
p e r m i t c o m p a r i s o n w i t h t h e t u r b i d i t e - b e a r i n g M i d d l e A l d r i d g e 
F o r m a t i o n a t STOP 3 - 2 . 

4.2 The t r a c e o f t h e S t . Mary F a u l t . Cambrian s e d i m e n t s i n t h e t r e e s 
on t h e e a s t l i e u n c o n f o r m a b l y upon the K i t c h e n e r F o r m a t i o n ( t o p 
of t h e l o w e r B e l t ) . 

8.1 V i l l a g e of W y c l i f f e and j u n c t i o n w i t h C r a n b r o o k A i r p o r t r o a d . 

8.6 S t . Mary R i v e r . O u t c r o p s o f K i t c h e n e r F o r m a t i o n o c c u r a l o n g t h e 
r i v e r bank. 

9.0 t o 17.0 - The r o u t e r u n s on g l a c i a l g r a v e l s . The u n d e r l y i n g u n i t s 
pass down t h r o u g h t h e K i t c h e n e r F o r m a t i o n , t h e C r e s t o n F o r m a t i o n , 
and the Upper A l d r i d g e F o r m a t i o n , i n t o f l a t - l y i n g M i d d l e A l d r i d g e 
west o f Cranbrook. 

17.3 J u n c t i o n w i t h Hwy 3/95 from Pvadium and F e r n i e . 

17.5 N o r t h e r n c i t y l i m i t s o f Cranbrook. 

21.5 Western c i t y l i m i t s o f Cranbrook. 

The r o u t e c o n t i n u e s t h r o u g h f l a t - l y i n g , p o o r l y - e x p o s e d l o w e r 
M i d d l e A l d r i d g e F o r m a t i o n . C l i f f s v i s i b l e o c c a s i o n a l l y on t h e 
n o r t h s i d e of the highway a r e metagabbro s i l l s . 
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28.7 STOP 3 - 2 - A sequence of t u r b i d i t e u n i t s and i n t e r b e d d e d 
a r g i l l i t e s i s exposed on t h e e a s t side, of the highway. I t 
l i e s i n t h e M i d d l e A l d r i d g e F o r m a t i o n 10,000 m above the base. 
The p r e s e n c e of AE t u r b i d i t e s up t o 1 m t h i c k may be c o n t r a s t e d 
w i t h t he l i t h o l o g y o f STOP 3 - 1 and r o c k s e n c o u n t e r e d i n t h e 
S u l l i v a n Mine* 

The t u r b i d i t e s a r e graded o n l y i n t h e i r t o p s . They p o s s e s s 
c o n c r e t i o n a r y b o d i e s and r i p - u p c l a s t s . One u n i t i s i n t e r n a l l y 
l a m i n a t e d i n a manner a t t r i b u t e d t o a f l o w i n g - g r a i n - l a y e r p r o ­
c e s s . W i t h i n t h e f i n e sand and s i l t - s i z e d m a t e r i a l c o n v o l u t e 
l a m i n a e , f i n e c r o s s - b e d d i n g , and f l a m e s t r u c t u r e s o c c u r . The 
f l a m e s t r u c t u r e s a r e a t t r i b t u e d t o l o a d - c a s t i n g because t h e y 
i n c l i n e i n a v a r i e t y of d i r e c t i o n s . I n d i s t i n c t s o l e marks may 
be seen on t h e u n d e r s i d e s of t h e beds. The more a r g i l l a c e o u s 
s e c t i o n s c o n t a i n l a r g e c r y s t a l c a s t s w i t h the s w a l l o w t a i l form 
of s e l e n i t e . 

31.2 STOP 3 - 3 - A metagabbro s i l l o u t c r o p s on b o t h s i d e s of t h e 
highway and i n a r a i l w a y c u t 50 m t o t h e n o r t h . 

31.7 Moyie R i v e r B r i d g e . 

32.9 Moyie R i v e r B r i d g e . 

32.9 STOP 3 - 4 - Exposures of M i d d l e A l d r i d g e F o r m a t i o n i n c l u d e a 
M arker A r g i l l i t e i n t h e c l i f f s e a s t of the r o a d and s o u t h of 
t h e r i v e r . The Marker A r g i l l i t e o c c u r s a t t h e base of t h e c l i f f 
t owards t h e n o r t h end. I t i s about 3.5 m t h i c k , but i n c l u d e s up 
t o a metre of n o n - l a m i n a t e d s e d i m e n t s . The c o r r o d e d c o n d i t i o n 
of t h e u n i t i s due t o t h e w e a t h e r i n g of a r e l a t i v e l y h i g h p r o p o r ­
t i o n (+4%) of i r o n s u l p h i d e s . 

33.7 T r a c e of Moyie F a u l t . O u t c r o p s of top lower B e l t s t r a t i g r a p h y 
on t h e f a r s i d e of t h e f a u l t i n d i c a t e a s t r a t i g r a p h i c d i s p l a c e ­
ment i n e x c e s s o f 6,000 m. 

35.3 C r o s s P e a v i n e Creek and e n t e r the s t e e p n o r t h - p l u n g i n g nose of 
t h e Moyie A n t i c l i n d . Moyie Lake l i e s on the west and the top 
u n i t s of t h e K i t c h e n e r - S i y e h F o r m a t i o n l i e on t h e e a s t . 

36.1 STOP 3 - 5 - Lower u n i t s of t h e K i t c h e n e r F o r m a t i o n o c c u r on 
b o t h s i d e s of the r o a d . They a r e i n t e r b e d d e d a r g i l l a c e o u s d o l o ­
m i t e s and d o l o m i t i c a r g i l l i t e s . Of p a r t i c u l a r i n t e r e s t h e r e i s 
a s t r u c t u r e r e f e r r e d to as "molar t o o t h " . S m a l l c r e n u l a t e d 
v e i n l e t s of c a l c i t e , a p p r o x i m a t e l y p e r p e n d i c u l a r t o t h e b e d d i n g , 
weather i n n e g a t i v e r e l i e f . T h e i r form i s q u i t e v a r i e d , i n 
some p l a c e s b e i n g a l m o s t t u b u l a r . I n a d d i t i o n , r i p p l e - m a r k e d 
s u r f a c e s and s c o u r - a n d - f i l l s t r u c t u r e s can be found i n the more 
a r g i l l a c e o u s u n i t s . E l s e w h e r e i n the K i t c h e n e r (and K i t c h e n e r -
e q u i v a l e n t ) F o r m a t i o n s t r o m a t o l i t e s have been i d e n t i f i e d . A l t h o u g h 
a l g a l - l i k e s t r u c t u r e s have been found 5-10 m t o the n o r t h , no 
p o s i t i v e b i o g e n i c forms have been found i n t h i s sequence. The 
t r a n s i t i o n a l c o n t a c t w i t h the u n d e r l y i n g C r e s t o n F o r m a t i o n o c c u r s 
about 100 m s o u t h of the d e b u s s i n g p o i n t . 
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I 
3 7 - 2 STOP 3 - 6 - C l i f f s on the e a s t s i d e of t h e ro a d a r e from t h e 

top of t h e C r e s t o n F o r m a t i o n . On the whole they a r e o f i n t e r ­
bedded s i l t i t e s and a r g i l l i t e s i n d i f f e r e n t shades of g r e e n and f 
d u l l g r e y - g r e e n . One p u r p l i s h sequence can be seen, w i t h minor C 
g r e e n l e n s e s and b l e b s . These r o c k s a r e b e s t examined down t h e 
bank on the west s i d e of t h e r o a d where l a r g e b l o c k s t h a t s l i d e * 
onto t h e r o a d have been d e p o s i t e d by t h e b u l l d o z e r . L o a d - c a s t | 
f e a t u r e s and i n t e r n a l t e x t u r e s may be see n , as w e l l as a g r e a t 
v a r i e t y o f s u r f a c e m a r k i n g s s t r o n g l y r e s e m b l i n g mud-cracks. 
Many of t h e b l o c k s p r e s e n t c r o s s - s e c t i o n s showing t h a t t h e s e f 
n m u d - c r a c k s M e x t e n d above, as w e l l as below, the b e d d i n g p l a n e , 
and t h a t they a r e a s s o c i a t e d w i t h s m a l l s c a l e s i l t i n t r u s i o n s . 

I 
38.1 T r a n s i t i o n between the upper A l d r i d g e F o r m a t i o n and the C r e s t o n & 

F o r m a t i o n . The A l d r i d g e i s a d a r k , c a r b o n a c e o u s , t h i n - b e d d e d , 
a r g i l l i t e s u c c e s s i o n . The C r e s t o n i s a g r e e n c o l o u r e d a l t e r n a t i o n * 
of t h i n a r g i l l i t e s and s i l t i t e s , w e a t h e r i n g r u s t y ( A l d r i d g e c h a r - f 
a c t e r i s t i c ) , but s l i g h t l y g r e e n on r e l a t i v e l y f r e s h s u r f a c e s . 
Some sand l e n s e s can be f o u n d , as w e l l as s i l t " i n t r u s i o n s 1 1 and 
penecontemporaneous p u l l - a p a r t s t r u c t u r e s . f 

I¬
F o r t h e n e x t 1.5 m i l e s t h e highway r u n s o v e r r e c e s s i v e w e a t h e r i n g 
Upper A l d r i d g e F o r m a t i o n carbonaceous a r g i l l i t e s . m¬

I, 
40.4 H i g h e s t e x p o s u r e s of t h e M i d d l e A l d r i d g e t u r b i d i t e u n i t s . 

f* 
40.6 Town of Moyie. 

r 
41.0 STOP 3 - 7 - The e n t r a n c e t o t h e S t , Eugene Mine i s on t h e e a s t 

s i d e o f t h e highway. A d i t s and a s s o c i a t e d dumps can be seen up f 
the h i l l s i d e t o t h e e a s t . On the f a r s h o r e o f Moyie Lake t o the | 
west t h e A u r o r a Mine dump i s v i s i b l e . 

f 
The S t . Eugene Mine l i e s about 2,000 m above t h e base of t h e jf 
M i d d l e A l d r i d g e F o r m a t i o n . I t was d i s c o v e r e d i n t h e l a t e 1890's 
by a Kootenay I n d i a n and a c q u i r e d by t h e owners o f t h e T r a i l 
s m e l t e r i n 1905 to supplement d i m i n i s h i n g s u p p l i e s of c o n c e n t r a t e s . | 
The mine i s a l a d d e r - v e i n , s t r i k i n g WNW and d i p p i n g s t e e p l y s o u t h . fe. 
The o r e i s e s s e n t i a l l y g a l e n a and s i l v e r . By 1916, when r e s e r v e s 
were e x h a u s t e d a t 620 m below t h e headframe, p r o d u c t i o n had 
amounted t o 1,026,435 t o n s g r a d i n g 12% Pb, 1% Zn and 6 o z . / t o n Ag. P 

The f o l l o w i n g d e s c r i p t i o n o f m i n e r a l i z a t i o n i s t a k e n from a Cominco 

R e p o r t : j| 

"Lead, s i l v e r and z i n c a r e t h e most i m p o r t a n t m e t a l s o f the 
St . Eugene v e i n system and a r e m a i n l y d e r i v e d from a r g e n t i - f 
f e r o u s g a l e n a and s p h a L e r i t e . T e t r a h e d r i t e i s p r e s e n t i n £, 
some a r e a s , and s m a l l amounts of c h a l c o p y r i t e a r e g e n e r a l l y 
common i n o c c u r r e n c e . Gangue m i n e r a l s of t h e p r o d u c t i v e 
v e i n s i n c l u d e quart;:, b i o t i t e , c h l o r i t e , g a r n e t , a m p h i b o l e , f 
p y r r h o t i t e , p y r i t e and m a g n e t i t e . Some e p i d o t e , g r u n e r i t e 
and f l u o r i t e i s found l o c a l l y . 

! • 
L 
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Commercial c o n c e n t r a t i o n s o f t h e s e m i n e r a l s o c c u r i n 
t a b u l a r o r e s h o o t s w i t h i n s t e e p - d i p p i n g v e i n s and i n 
m u l t i p l e o r e b o d i e s w i t h i n e x t e n s i v e cymoid s t r u c t u r e s . 
The a verage w i d t h of m i n e a b l e m a t e r i a l , i n b o t h v e i n -
t y p e and cymoid-type d e p o s i t s , i s i n the o r d e r of 2 t o 
3.5 m. 

The main b r e a k i n w h i c h t h e v e i n - t y p e s h o o t s form i s 
g e n e r a l l y u n i f o r m i n t r e n d but i r r e g u l a r l y r e f r a c t e d i n 
d e t a i l . The b r e a k i s sometimes wide and o t h e r t i m e s 
narrow, and may be e i t h e r f i l l e d w i t h gangue m i n e r a l s 
o r b a r r e n . 

The cymoid s t r u c t u r e i s bounded by two main b r e a k s w i t h 
p a r a l l e l v e i n s ( ' p a r a l l e l s ' ) and c r o s s v e i n s ('avenues') 
t r a n s e c t i n g the i n t e r - a r e a . The s t r u c t u r e i s g e n e r a l l y 
w e l l - m i n e r a l i z e d t h r o u g h o u t and l a r g e r d e p o s i t s sometimes 
r e a c h 10 m i n w i d t h w i t h one o r more bands of n e a r - m a s s i v e 
g a l e n a up to 1.3 m t h i c k . 

A l l t h e s h o o t s tend t o be l o n g e r down t h e i r d i p tha n a l o n g 
t h e i r s t r i k e . The Lake Shore and S t . Eugene s h o o t s o f t h e 
S t . Eugene mine a r e a p p a r e n t l y of t h e cymoid t y p e and 
appear t o p i t c h m o d e r a t e l y t o t h e e a s t , whereas the Moyie 
s h o o t , w h i c h o c c u r s i n a warped a r e a of the N o r t h v e i n , i s 
of t h e v e i n - t y p e w i t h a n e a r - v e r t i c a l p i t c h . The A u r o r a 
s h o o t s , a c r o s s t h e l a k e a t the A u r o r a mine a r e i n t h e same 
v e i n system and a r e a l s o r e l a t e d t o a warped b r e a k , but 
a p p a r e n t l y p i t c h m o d e r a t e l y west. 

The o v e r a l l v e i n system, i n c l u d i n g o r e s h o o t s and b a r r e n 
s e c t i o n s , can be t r a c e d f o r some 3,500 m a l o n g i t s s t r i k e 
and some 1,400 m down i t s d i p . " 

No more s t o p s a r e p l a n n e d f o r t h i s l e g of the t r i p . F o r t h e n e x t 
25 m i l e s the r o u t e a l o n g Hwy 3/95 descends t h r o u g h M i d d l e A l d r i d g e 
s t r a t i g r a p h y as i t pa s s e s o b l i q u e l y t h r o u g h t h e w e s t e r n l i m b of 
th e n o r t h - p l u n g i n g Moyie A n t i c l i n e . By the town of Yahk, t h e 
r o u t e has re a c h e d i t s l o w e s t e l e v a t i o n i n the s t r a t i g r a p h y of t h e 
b l o c k s o u t h of t h e Moyie F a u l t - j u s t 100 m above t h e top of the 
lo w e r A l d r i d g e F o r m a t i o n . 

Midway Mine l i e s on t h e n o r t h s i d e of t h e r o a d . T h i s i s a s m a l l 
q u a r t z v e i n d e p o s i t o p e r a t e d f o r g o l d . A s s o c i a t e d m e t a l l i c min­
e r a l s a r e a r s e n o p y r i t e , p y r i t e , g a l e n a , s p h a l e r i t e , and c h a l c o -
p y r i t e . The e a r l i e s t r e c o r d s a r e from 1933 when t h e p r o p e r t y 
was a c q u i r e d by the B.C. C a r i b o o G o l d f i e l d s L i m i t e d . A l t h o u g h 
t h e grade i s r e p o r t e d t o be 0.3 o z . / t o n Au the tonnage i s n e g l i ­
g i b l e . Only a few o r e shipments have been made. 

Yahk 

J u n c t i o n between Hwy 3 and Hwy 95. The r o u t e c o n t i n u e s a l o n g 
Hwy 3 to C r e s t o n f o r 26 m i l e s . 
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PART 4 

DAY 2 (P.M.): CRESTON TO RIONDEL 

STRATIGRAPHY AND STRUCTURE OF HADRYNIAN AND 

CAMBRIAN ROCKS, EAST SHORE OF KOOTENAY LAKE 

(Trygve H8y) 

Between C r e s t o n and R i o n d e l t h e r o u t e c r o s s e s o b l i q u e l y t h e 
t r a n s i t i o n from t h e w e s t e r n m a r g i n of the P u r c e l l a n t i c l i n o r i u m t o t h e 
Kootenay a r c , and c o n t i n u e s t o t h e c e n t r a l p a r t of the a r c i n t h e R i o n d e l 
a r e a ( F i g . 4-1). The t r a n s i t i o n i s marked by an i n c r e a s e i n t h e grade 
o f r e g i o n a l metamorphism and by a n o t i c e a b l e change i n s t r u c t u r a l s t y l e , 
f rom the b r o a d , open n o r t h - p l u n g i n g f o l d s c h a r a c t e r i s t i c of the P u r c e l l 
a n t i c l i n o r i u m t o the o v e r t u r n e d , i s o c l i n a l f o l d s t y p i c a l of t h i s p o r t i o n 

/ o f t h e a r c . The m e t a s edimentary u n i t s t h r o u g h w h i c h t h i s p o r t i o n of t h e 
f i e l d t r i p r u n s i n c l u d e s the Toby F o r m a t i o n , H o r s e t h i e f Creek Group, H a m i l l 
Group, Badshot F o r m a t i o n and L a r d e a u Group ( F i g . 1-3, p. 4 ) , as w e l l as 
t h e d i s c o r d a n t , p o s t - t e c t o n i c Bayonne B a t h o l i t h . 

STRATIGRAPHY 

The Toby F o r m a t i o n a t t h e base of t h e Windemere Supergroup uncon-
f o r m a b l y o v e r l i e s a r g i l l i t e s , l i m e s t o n e s , and q u a r t z i t e s o f t h e D u t ch Creek 
and Mt. N e l s o n F o r m a t i o n s . I t i s a c o n g l o m e r a t i c mudstone ( d i a m i c t i t e ) 
u n i t g e n e r a l l y c o n s i s t i n g of b o u l d e r t o p e b b l e - s i z e d c l a s t s of d o l o m i t e , 
q u a r t z i t e , and a r g i l l i t e t h a t a r e d e r i v e d f rom the Dutch C r e e k and Mt. N e l s o n 
F o r m a t i o n s . The c l a s t s a r e s u p p o r t e d by a f i n e a r g i l l a c e o u s , d o l o m i t i c o r 
r a r e l y , s i l t y m a t r i x . D e p o s i t i o n of the f o r m a t i o n has p r o b a b l y t a k e n p l a c e 
by mudflows, a l t h o u g h A a l t o (1971) s u g g e s t s t h a t the f o r m a t i o n i s a t i l l i t e . 
E l s e w h e r e , t h e Toby F o r m a t i o n c o n s i s t s of w e l l - s o r t e d and c l o s e l y packed 
c l a s t s w i t h i n a sandy mudstone m a t r i x , s u g g e s t i v e of f l u v i a l d e p o s i t i o n 
( L i s e t . a l . , 1976). 

The o v e r l y i n g H o r s e t h i e f Creek Group c o n s i s t s of up t o 8500 m of 
p e l i t e , s l a t e and g r i t , w i t h s e v e r a l q u a r t z i t e and p o l y m i c t u n i t s ( L i s , op. 
c i t . ) . The s i m i l a r i t y of the p o l y m i c t c o n g l o m e r a t e u n i t s i n t h e H o r s e t h i e f 
Creek w i t h t h e Toby F o r m a t i o n s u g g e s t s t h a t t h e y as w e l l were d e p o s i t e d as 
mudflows and f l u v i a l g r a v e l s , d e r i v e d from t h e upper p a r t o f the P u r c e l l 
Supergroup. L i s (op. c i t . ) s u g g e s t s t h a t t h e s e u n i t s a r e f a n g l o m e r a t e s 
w h i c h a c c u m u l a t e d a d j a c e n t t o a f a u l t s c a r p t h a t s e p a r a t e d t h e u p l i f t e d 
s o u r c e a r e a s o u t h of t h e s c a r p from a deep s t r u c t u r a l b a s i n on the n o r t h . 
N orthward w i t h i n t h e b a s i n , the H o r s e t h i e f Creek Group t h i n s from g r e a t e r 
t h a n 9 km t h i c k a t t h e s o u t h end of Kootenay Lake to o n l y a few k i l o m e t r e s 
t h i c k . S o u t h e a s t of t h e f a u l t s c a r p (now marked by t h e S t . Mary F a u l t , a 
n o r t h e a s t d i p p i n g r e v e r s e f a u l t ) , l o w e r Cambrian q u a r t z i t e s of t h e C r a n b r o o k 
F o r m a t i o n l i e u n c o n f o r m a b l y on Upper P u r c e l l r o c k s ( F i g . 4-1). The Upper 
P r o t e r o z o i c Windemere Supergroup i s m i s s i n g c o m p l e t e l y and 4 km of M i d d l e 
P r o t e r o z o i c s t r a t a , exposed f a r t h e r t o t h e n o r t h e a s t , has been eroded away. 
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FIGURE 4-1: GENERALIZED GEOLOGY CF THE CRESTON-RIONDEL AREA 
SOUTHEASTERN BRITISH COLUMBIA (after Rice, 1956). 
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FIGURE 4-2; EAST-WEST VERTICAL CROSS-SECTIONS 
THROUGH THE RIONDEL AREA 
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The l o w e r Cambrian H a m i l l Group ( e q u i v a l e n t t o the Cranbrook 
F o r m a t i o n i n the P u r c e l l a n t i c l i n o r i u m ) u n c o n f o r m a b l y o v e r l i e s t h e H o r s e ­
t h i e f Creek Group. I n the R i o n d e l a r e a (H8y, 1974) i t c o m p r i s e s more than 
1600 m of medium t o c o a r s e g r a i n e d ( u n i t HI, F i g . 4-6) f e l d s p a t h i c t o p u r e 
q u a r t z i t e , o v e r l a i n by 1500 m of w h i t e t o d a r k g r e y q u a r t z i t e i n t e r l a y e r e d 
w i t h d a r k , c r o s s - b e d d e d s i l t s t o n e , p h y l l i t e , and s c h i s t ( u n i t H2). The 
uppermost 200 t o 300 ra of t h e H a m i l l Group i n c l u d e s a prominent pure w h i t e 
q u a r t z i t e l a y e r ( u n i t H3) o v e r l a i n by d a r k g r e y b i o t i t e - q u a r t z s c h i s t and 
q u a r t z i t e (H4). 

The Mohican F o r m a t i o n i s a g r a d a t i o n a l u n i t between t h e H a m i l l 
Group and the Badshot m a r b l e . I t i s c o m p r i s e d of p r e d o m i n a n t l y medium-
g r a i n e d , brown-weathering m u s c o v i t e s c h i s t , g r e y d o l o m i t e m a r b l e and, l e s s 
commonly, micaceous w h i t e q u a r t z i t e l a y e r s . The Badshot m a r b l e i s t h e 
most d i s t i n c t i v e marker u n i t i n the R i o n d e l a r e a . I t c o n s i s t s of c a l c i t e 
o r d o l o m i t e m a r b l e w i t h a c c e s s o r y t r e m o l i t e , p h l o g o p i t e , g r a p h i t e and 
q u a r t z . 

The o v e r l y i n g L a r d e a u Group i s s u b d i v i d e d i n t o 4 d i s t i n c t u n i t s 
( F i g . 4-6). A f i n e t o medium-grained m u s c o v i t e s c h i s t o r b i o t i t e g n e i s s 
( u n i t L I ) i m m e d i a t e l y o v e r l i e s t h e Badshot m a r b l e . I t , i n t u r n , i s o v e r ­
l a i n by d a r k g r e y t o b l a c k h o r n b l e n d e g n e i s s and a m p h i b o l i t e ( u n i t L 2 ) , 
q u a r t z i t e , b i o t i t e s c h i s t and r u s t y - w e a t h e r i n g s i l i c e o u s m a r b l e ( u n i t L 3 ) , 
and r u s t y - w e a t h e r i n g p e l i t i c g n e i s s ( u n i t L 4 ) . The t o t a l exposed t h i c k n e s s 
o f L a r d e a u Group metasediments i n t h e R i o n d e l a r e a i s a p p r o x i m a t e l y 1200 m, 
a l t h o u g h t h i s i s a minimum f i g u r e due t o i n t e n s e d e f o r m a t i o n . 

STRUCTURE 

The s t r u c t u r e o f t h e R i o n d e l a r e a i s dominated by a l a r g e recumbent 
a n t i f o r m a l f o l d w h i c h has been named th e R i o n d e l nappe (H8y, i n p r e s s ) * The 
f o l l o w i n g d e s c r i p t i o n i s t a k e n from a B.C. Department of Mines p r e l i m i n a r y 
map (HBy, 1974): 

"The most c o n s p i c u o u s s t r u c t u r e s i n t h e a r e a a r e a s e t of 
v e r y t i g h t t o i s o c l i n a l 'Phase 2 f f o l d s w i t h west d i p p i n g 
a x i a l s u r f a c e s ( F i g . 4-2). These f o l d s p l u n g e a t s h a l l o w 
a n g l e s t o the n o r t h (and l o c a l l y t o the s o u t h ) , and t h e i r 
a x i a l p l a n e s d i p westward becoming more u p r i g h t t o t h e 
e a s t . A pronounced f o l i a t i o n and l i n e a t i o n a r e p a r a l l e l t o 
t h e i r a x i a l p l a n e s and f o l d axes r e s p e c t i v e l y . West of 
t h e West B e r n a r d f a u l t ( F i g . 4-3) they have d e v e l o p e d i n 
an i n v e r t e d p a n e l of r o c k s ; o l d e r r o c k s form the c o r e s of 
synforms and younger r o c k s the c o r e s of a n t i f o r m s . E a s t 
o f t h e West B e r n a r d f a u l t , the f o l d s have d e v e l o p e d i n an 
u p r i g h t p a n e l of r o c k s . 

The o l d e s t r e c o g n i z a b l e s t r u c t u r e (Phase 1) i s r e p r e s e n t e d 
by t h e o v e r t u r n e d s t r a t i g r a p h i c s u c c e s s i o n t h a t r e p r e s e n t s 
t h e u n d e r l i m b of a l a r g e recumbent a n t i c l i n e , the ' R i o n d e l 
nappe 1 ( F i g . 4-4). I t s a x i a l zone and upper l i m b have been 
removed by e r o s i o n . The o v e r t u r n e d l i m b extends under 
Kootenay Lake i n the west and i s bounded on the e a s t by the 
West B e r n a r d f a u l t . I t s w e s t e r n c l o s u r e i s deduced from 
r e g i o n a l c o n s i d e r a t i o n s ; i n the Duncan Lake a r e a p a r t s of 
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b o t h t h e lo w e r and upper l i m b s of comparable s t y l e f o l d s 
a r e exposed and i n d i c a t e w e s t e r n c l o s u r e s ( F y l e s , 1964). 

The l i m b s of Phase 2 f o l d s have been deformed by s m a l l -
s c a l e f o l d s t h a t p l u n g e t o t h e southwe s t . The f S h e r r a d e n 
C r e e k 1 a n t i f o r m - s y n f o r m p a i r ( s o u t h of R i o n d e l ) i s t h e 
l a r g e s t o f t h e s e and t h e o n l y Phase 3 f o l d shown on t h e 
map ( F i g . 4-3). 

Two west d i p p i n g r e v e r s e f a u l t s , t h e West B e r n a r d and E a s t 
B e r n a r d f a u l t s , t r a n s e c t t h e e n t i r e a r e a from n o r t h t o 
s o u t h . The West B e r n a r d f a u l t , as mentioned above, sep­
a r a t e s an i n v e r t e d p a n e l o f r o c k s i n the west from a r i g h t -
s i d e - u p p a n e l i n the e a s t . The E a s t B e r n a r d f a u l t s e p a r a t e s 
two Phase 2 a n t i c l i n e s , r e p l a c i n g t h e i n t e r v e n i n g s y n c l i n e . 
B o t h a r e p a r a l l e l t o the a x i a l p l a n e s of Phase 2 f o l d s . 
Two s t r i k e f a u l t s c u t the lowe r H a m i l l r o c k s e a s t o f t h e 
r e v e r s e f a u l t s . These a r e s t e e p , and a l t h o u g h l o c a l l y 
p a r a l l e l w i t h the l a y e r i n g , c u t u p - s e c t i o n t o t h e n o r t h . 
They sh e a r t h e a x i a l p l a n e f o l i a t i o n a s s o c i a t e d w i t h t h e 
Phase 2 s t r u c t u r e s and appear t o be normal f a u l t s as s t r a ­
t i g r a p h y i s not r e p e a t e d a c r o s s them. S t e e p l y d i p p i n g , 
s o u t h e a s t - t r e n d i n g f a u l t s w i t h s m a l l r i g h t l a t e r a l d i s ­
p l a c e m e n t s a r e c o n s p i c u o u s j u s t n o r t h o f C r a w f o r d P e n i n s u l a . 
These f a u l t s c u t a l l o t h e r s t r u c t u r e s . 1 1 

ROAD LOG: CRESTON TO RIONDEL (Hwy 3a) 

The second l e g of t h e f i e l d t r i p (Day 2) c o n t i n u e s g e n e r a l l y up-
s e c t i o n t h r o u g h t h e Upper P r o t e r o z o i c s u c c e s s i o n on the west s i d e of the 
P u r c e l l a n t i c l i n o r i u m i n t o h i g h l y deformed and metamorphosed l o w e r Cambrian 
metasediments i n t h e c e n t r a l Kootenay A r c . 

M i l e a g e 

0.0 Town of Wynndel, 7 m i l e s n o r t h of C r e s t o n . 

3.9 C o n t a c t of Bayonne B a t h o l i t h w i t h t h e Dutch Creek F o r m a t i o n . 

The r o u t e c o n t i n u e s f o r a p p r o x i m a t e l y 14 m i l e s t h r o u g h the. Bayonne 
B a t h o l i t h . The B a t h o l i t h i s a d i s c o r d a n t p o s t - t e c t o n i c p l u t o n 
t h a t t r u n c a t e s s e v e r a l l a r g e f o l d s i n t h e C r e s t o n and K i t c h e n e r 
F o r m a t i o n s . I t s c o m p o s i t i o n v a r i e s from a g r a n i t e t o a g r a n o -
d i o r i t e , w i t h the main b u l k o f t h e i n t r u s i o n b e i n g an e q u i g r a n u l a r 
t o l o c a l l y p o r p h y r i t i c g r a n o d i o r i t e . I t has been d a t e d (K-Ar) 
a t 100 m.y. 

9.1 STOP 4 - 1 - B o u l d e r Creek: exposure of the Bayonne B a t h o l i t h . 

20.5 STOP 4 - 2 - Columbia P o i n t : exposure o f Toby F o r m a t i o n , j u s t 
n o r t h o f the Bayonne B a t h o l i t h c o n t a c t . 
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P e b b l e s and b o u l d e r s a r e deformed, g e n e r a l l y q u a r t z i t i c i n n a t u r e , 
a l t h o u g h d o l o m i t e and a r g i l l i t e c l a s t s a r e a l s o common, suspended 
i n an o r i g i n a l l y a r g i l l a c e o u s m a t r i x . A a l t o (1971) d e s c r i b e s t h e 
Toby F o r m a t i o n as a t i l l i t e , d e p o s i t e d d u r i n g w i d e s p r e a d g l a c i a t i o n 
i n e a r l y H a d r y n i a n t i m e . L i s e t . a l . (1976) and A t k i n s o n (1976) 
b e l i e v e t h e Toby F o r m a t i o n , and s i m i l a r c o a r s e c o n g l o m e r a t e s i n 
the o v e r l y i n g H o r s e t h i e f Creek, were d e p o s i t e d as mudflows o r as 
f l u v i a l g r a v e l s i n s t r u c t u r a l d e p r e s s i o n s n o r t h of pr o m i n e n t f a u l t 
s c a r p s . 

21.5 STOP 4 - 3 - Exposure o f H o r s e t h i e f C r e e k F o r m a t i o n : g r e y s e r i c i t e 
p h y l l i t e , g r i t and minor q u a r t z i t e near t h e base of t h e H o r s e t h i e f 
Creek. 

26.5 E xposure of q u a r t z i t e and minor c a l c a r e o u s q u a r t z i t e , H o r s e t h i e f 
C r e e k F o r m a t i o n . 

27.3 E x p o s u r e o f g r e y l i m e s t o n e ; t h i s t h i c k and prominent l i m e s t o n e 
u n i t near t h e c e n t r a l p a r t of t he H o r s e t h i e f Creek Group i s 
p r o b a b l y c o r r e l a t i v e w i t h " t h e m i d d l e m a r b l e member" o f t h e 
H o r s e t h i e f Creek i n the n o r t h e r n S e l k i r k s , w e l l to t he n o r t h of 
t h e T r ans Canada Highway (Brown e t . a l . , 1976). The g r i t s , 
q u a r t z i t e and p e l i t e t h a t we have j u s t p a s s e d t h r o u g h a r e t h e 
e q u i v a l e n t of t h e " l o w e r p e l i t e member", and o v e r l y i n g s c h i s t 
and q u a r t z i t e , the "upper p e l i t e member". The t o t a l t h i c k n e s s 
of H o r s e t h i e f Creek s e d i m e n t s i n t h e n o r t h e r n S e l k i r k s i s i n 
e x c e s s o f 4,000 m compared w i t h g r e a t e r t h a n 8,500 m i n t h e 
Kootenay Lake a r e a . 

27.7 L o c k h a r t Beach, c a m p s i t e . 

28.9 L a F r a n c e Creek. 

31.4 Exposure o f c o n g l o m e r a t i c mudstone i n t h e upper p a r t o f t h e 
H o r s e t h i e f Creek Group. 

37.2 A s m a l l d i s c o r d a n t g r a n i t e p l u t o n c o n c e a l s t h e c o n t a c t o f t h e 
H o r s e t h i e f C r e e k and t h e o v e r l y i n g H a m i l l Group. 

4 0 - 2 STOP 4 - 4 - ( F i g . 4-5). View of h i l l s due n o r t h of C r a w f o r d Bay. 
The Badshot m a r b l e c l o s e s i n a t i g h t s y n f o r m a l s t r u c t u r e on 
t h e s e s l o p e s , w i t h o l d e r H a m i l l q u a r t z i t e s i n i t s c o r e . T i g h t 
a n t i f o r m a l s t r u c t u r e s i m m e d i a t e l y t o t h e west and e a s t have 
younger L a r d e a u r o c k s i n t h e i r c o r e s , i n d i c a t i n g t h a t t h e sequence 
of m e t a s e d i m e n t a r y r o c k s i n t h e R i o n d e l a r e a i s i n v e r t e d . T h i s 
i n v e r t e d p a n e l i s t h e u n d e r l i m b of a l a r g e westward c l o s i n g 
nappe s t r u c t u r e t h a t r o o t s t o t h e e a s t and c l o s e s west o f t h e 
most w e s t e r n exposures i n the R i o n d e l a r e a . 



41 

The n e x t f o u r s t o p s o u t l i n e the d e t a i l e d s t r a t i g r a p h y of t h e 
metas e d i m e n t a r y r o c k s i n the v i c i n i t y of t h e B l u e b e l l d e p o s i t . 
The youngest r o c k s i n t h e map a r e a , Index F o r m a t i o n g n e i s s e s , 
a r e examined f i r s t (STOPS 4 - 5 , 6, 7 ) , then the B l u e b e l l d e p o s i t 
and h o s t Badshot l i m e s t o n e i s v i s i t e d , and f i n a l l y , u n d e r l y i n g 
q u a r t z i t e and s c h i s t of the H a m i l l Group. 

F i g . 4-5: S k e t c h showing c l o s u r e of Badshot marble i n c o r e of s y n f o r m a l 
B l u e b e l l M o u n t a i n a n t i c l i n e on s l o p e s n o r t h of Cr a w f o r d Bay. 

42.6 STOP 4 - 5 - U n i t L4, the youngest member of t h e La r d e a u Group 
exposed i n t h e R i o n d e l a r e a , o c c u r s w i t h i n t h e c o r e o f an a n t i -
f o r m a l s y n c l i n e , t h e Cr a w f o r d s y n c l i n e . I t i s a r u s t y - w e a t h e r i n g 
p a r a g n e i s s t h a t commonly c o n t a i n s l a r g e b o u d i n s of a m p h i b o l i t e . 
S i l l i m a n i t e and k y a n i t e , l a r g e l y a l t e r e d t o a w h i t e m i c a , a r e 
common i n more p e l i t i c l a y e r s . 

43.5 R i o n d e l r o a d t u r n - o f f . 

44.0 STOP 4 - 6 - U n i t L3. The s u c c e s s i o n w i t h i n t h i s u n i t i n c l u d e s 
a b a s a l q u a r t z i t e i n t e r l a y e r e d w i t h b i o t i t e s c h i s t , o v e r l a i n by 
t h i n l y l a m i n a t e d d a r k a m p h i b o l i t e , then t h i n r u s t y - w e a t h e r i n g 
s i l i c e o u s m a rble t h a t grades upward i n t o g r e y - g r e e n c a l c - s i l i c a t e 
g n e i s s , t h e dominant p a r t of the u n i t . The w e l l - l a y e r e d n a t u r e 
of t h e c a l c - s i l i c a t e g n e i s s i s e v i d e n t i n t h i s e x p o s u r e . A 
s t u d y of metamorphic r e a c t i o n s among c a l c - s i l i c a t e m i n e r a l s i n 
t h i s u n i t i n d i c a t e s t h a t the r e g i o n a l metamorphic grade i n c r e a s e s 
towards t h e west (Hdy, 1976). 
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4 7 • 9 STOP 4 - 7 - U n i t L2. Dark g r e y t o b l a c k h o r n b l e n d e g n e i s s and 
a m p h i b o l i t e c o m p r i s e u n i t L2. C a l c - s i l i c a t e g n e i s s l a y e r s , 
q u a r t z i t e l a y e r s and a number of t h i n c a l c i t e m a r b l e l a y e r s a r e 
a l s o common w i t h i n t he u n i t . 

49.1 Town of R i o n d e l . 

The n e x t s t o p v i s i t s t h e B l u e b e l l Mine ( d e s c r i b e d i n d e t a i l i n 
the f o l l o w i n g p a p e r ) . Exposed on R i o n d e l p e n i n s u l a a r e q u a r t z i t e s 
and i n t e r l a y e r e d p e l i t i c s c h i s t s and g n e i s s e s of t h e H a m i l l Group, 
s t r u c t u r a l f o o t w a l l r o c k s t o t he Badshot m a r b l e and B l u e b e l l m i n ­
e r a l i z a t i o n . 

o 
T3 

eg 

03 

u n i t 

L4 
L3 

L2 

L I 
Badshot 
Mohican 

H4 
5 H3 

H2 

a p p r o x i m a t e 
t h i c k n e s s 

400-450 

600-800 

100-150 
15-30 
10-40 

230 
60-200 
2000 

d e s c r i p t i o n 

b i o t i t e - q u a r t z - f e l d s p a r g n e i s s 
c a l c - s i l i c a t e g n e i s s , impure r u s t y -
w e a t e e r i n g m a r b l e , and a q u a r t z i t e a t 
the base 
b i o t i t e - h o r n b l e n d e g n e i s s , a m p h i b o l i t e ; 
minor m a r b l e and c a l c - s i l i c a t e g n e i s s 
micaceous s c h i s t 
c a l c i t e o r d o l o m i t e m a r b l e 
r u s t y - w e a t h e r i n g m a r b l e , s c h i s t and 
q u a r t z i t e 
d a r k q u a r t z i t e , d a r k q u a r t z - r i c h s c h i s t 
m a s s i v e , w h i t e q u a r t z i t e 
m u s c o v i t e - b i o t i t e s c h i s t , q u a r t z i t e , 
s i l t s t o n e , and minor a m p h i b o l i t e 

HI 1600 m a s s i v e , w h i t e q u a r t z i t e , g r i t t y q u a r t z i t e 

F i g u r e 4-6: D e t a i l e d s u c c e s s i o n o f m e t a s e d i m e n t a r y r o c k s i n t h e 
R i o n d e l a r e a . 
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PART 5 

DAY 2: AN OUTLINE OF THE GEOLOGY OF THE BLUEBELL MINE, 

RIONDEL, B.C. 

(P.W. Ransom) 

HISTORY: 

The e a r l i e s t l e a d - z i n c m i n i n g i n B r i t i s h C o l u m b i a was from t h e 
B l u e b e l l - A i n s w o r t h camp i n 1882. The B l u e b e l l d e p o s i t was known to f u r 
t r a d e r s and t r a p p e r s b e f o r e t h e n and s t o r i e s about them u s i n g B l u e b e l l 
o r e t o make l e a d s h o t f o r t h e i r guns have been q u i t e c o n v i n c i n g l y t o l d by 
some of t h e o l d t i m e r s from t h e a r e a . 

P r o d u c t i o n was i n t e r m i t t e n t from 1895 t o 1927 under v a r i o u s owners. 
From 1952 t o 1971 the mine was o p e r a t e d by Cominco L t d . I n l a t e 1971 
p r o d u c t i o n ceased and s h o r t l y a f t e r , i n 1972, t h e mine was f l o o d e d . The 
p r o d u c t i o n has been: 

S h o r t Tons Pb% Zn% Ag Oz/Ton 
P r e Cominco Owners 540,000 
Cominco L t d . 4,777,000 

6.5 
5.1 

8.2 
6.1 

2.8 
1.6 

TOTAL 5,317,000 5.2 6.3 1.7 
Known U n r e c o v e r a b l e M i n e r a l i z a t i o n 385,000 4.9 5.6 1.4 
TOTAL SIZE OF DEPOSIT 5,702,000 5.2 6.3 1.7 

I n a d d i t i o n some copper and cadmium i n the o r e was r e c o v e r e d . The 
copper c o n t e n t was 0.1% and the cadmium c o n t e n t , 0.03%. 

GEOLOGICAL SETTING AND STRUCTURE 

The r o c k s o f t h e R i o n d e l p e n i n s u l a c o n s i s t o f an o v e r t u r n e d Lower 
Cambrian sequence t h a t d i p s 30° west ( F i g . 5-1). The o l d e s t r o c k s a r e 
q u a r t z i t e and q u a r t z - m i c a s c h i s t o f t h e H a m i l l Group. They now l i e on t h e 
younger Mohican F o r m a t i o n , a 30 m t h i c k u n i t of q u a r t z - m i c a s c h i s t and 
l o c a l l y d e v e l o p e d m a r b l e . T h i s m a r b l e , r a n g i n g up t o 4 m i n t h i c k n e s s , i s 
known as t h e Upper L i m e s t o n e and i t o c c u r s a t the d i v i s i o n between t h e 
H a m i l l Group and Mohican F o r m a t i o n . A s m a l l amount of o r e was r e c o v e r e d 
from t h e Upper L i m e s t o n e . Mohican F o r m a t i o n s c h i s t s form t h e h a n g i n g w a l l 
of t h e Badshot F o r m a t i o n , a 30 t o 50 m t h i c k m a r b l e t h a t h o s t s the B l u e b e l l 
orebody and l o c a l l y i s r e f e r r e d t o as t h e B l u e b e l l L i m e s t o n e . The B l u e b e l l 
L i m e s t o n e c o n s i s t s of c a l c i t e and t r e m o l i t e and c o n t a i n s minor amounts o f 
p h l o g o p i t e , b i o t i t e , c h l o r i t e and g r a p h i t e . On t h e f o o t w a l l s i d e of t h e 
B l u e b e l l L i m e s t o n e a r e s c h i s t s and g n e i s s e s of t h e Index F o r m a t i o n , t h e 
youngest m e t a s e d i m e n t a r y r o c k s on the p e n i n s u l a . I n the immediate mine a r e a 
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t h e s c h i s t s a r e t y p i c a l l y g r a p h i t i c and p y r i t i c q u a r t z - m i c a s c h i s t s and 
c a l c - s i l i c a t e s c h i s t s . . Impure m a r b l e and a m p h i b o l i t e a l s o o c c u r l o c a l l y 
w i t h i n t h e Index F o r m a t i o n . 

F e l s i t e p e g m a t i t e s i l l s and l e n s e s up t o 10 m t h i c k o c c u r w i t h i n 
b o t h t h e B l u e b e l l L i m e s t o n e and Index F o r m a t i o n . The most n o t a b l e p e g m a t i t e 
i s one w h i c h forms a c o n t i n u o u s s h e e t 1 t o 3 m t h i c k from 1 t o 10 m below 
the h a n g i n g w a l l of t h e B l u e b e l l L i m e s t o n e . 

The s t r u c t u r a l s e t t i n g of t h e B l u e b e l l d e p o s i t has been the s u b j e c t 
of s t u d i e s by many g e o l o g i s t s . Cominco g e o l o g i s t s f i r s t r e c o g n i z e d s m a l l -
s c a l e f o l d s ("S" shaped when th e v i e w e r f a c e s n o r t h ) w i t h i n t h e B l u e b e l l 
L i m e s t o n e and a d j a c e n t s c h i s t s . These s m a l l - s c a l e f o l d s seem t o i n d i c a t e 
t h a t the B l u e b e l l L i m e s t o n e was on the l o w e r l i m b of an o v e r t u r n e d w e s t -
d i p p i n g a n t i c l i n e ( F i g . 5-2a). T h i s a n t i c l i n e c o u l d be d o u b l y p l u n g i n g 
w i t h b o t h noses c o v e r e d by the l a k e . A l t e r n a t i v e l y t h e noses may be exposed 
i n o u t c r o p s on the west s i d e of Kootenay Lake. T h i s t y p e of s t r u c t u r e 
c o u l d o c c u r i n the s t r u c t u r a l l e v e l below t h e R i o n d e l nappe, d i s c u s s e d n e x t . 

An a l t e r n a t i v e i n t e r p r e t a t i o n , o r i g i n a l l y p r o p o s e d by J.T. F y l e s , 
of t h e B.C. Department of M i n e s , p l a c e s the B l u e b e l l L i m e s t o n e on t h e 
u n d e r s i d e of a nappe. Recent mapping (HUy, 1974) has v e r i f i e d t h i s t y p e 
of s t r u c t u r e e a s t of R i o n d e l ( F i g . 5-2b). The "S" f o l d s o f B l u e b e l l , 
however, a r e the wrong sense f o r b o t h f i r s t and second phase f o l d s i n t h e 
nappe. I t i s s u g g e s t e d t h a t t h e R i o n d e l nappe, d u r i n g the l a t t e r s t a g e s 
of i t s development, moved westwards and down, p o s s i b l y s l i d i n g under i t s 
own w e i g h t . The r e s u l t i n g d r a g would l i k e l y have d e v e l o p e d a " f i r - t r e e " 
p a t t e r n o f d r a g f o l d s on t h e u n d e r s i d e o f t h e nappe, s a t i s f a c t o r i l y , e x p l a i n ­
i n g t h e "S" t y p e f o l d s a t t h e mine ( F i g . 5-2c). A l t e r n a t i v e l y , "S" f o l d s 
may be r e l a t e d t o a p e r v a s i v e but r e l a t i v e l y m i n or t h i r d phase of d e f o r m a t i o n 
i n t h e R i o n d e l a r e a . The "Z" t y p e f o l d s one might e x p e c t t o d e v e l o p d u r i n g 
F^ and F^ s t a g e s o f f o l d i n g were not o b s e r v e d underground. T h i s may be 
because e i t h e r t h e y d i d not form o r , more l i k e l y , t h e y became so a t t e n u a t e d 
t h a t t h e y c o u l d not be e a s i l y r e c o g n i z e d . R e f o l d e d f o l d s have been o b s e r v e d 
i n the f o o t w a l l s c h i s t s a l o n g t h e R i o n d e l s h o r e l i n e . 

Lamprophyre dykes a t t h e mine have a l s o been deformed by f o r c e s 
s i m i l a r t o t h o s e t h a t d e v e l o p e d the "S" f o l d s . The dykes s t r i k e n o r t h -
s o u t h and d i p 55° e a s t . They have been o f f s e t 2 t o 10 m by b e d d i n g - p a r a l l e l 
n o r m a l f a u l t s spaced 5 t o 10 m a p a r t ( F i g . 5-1). 

ORE OCCURRENCES AND GENESIS 

Ore s h o o t s a t B l u e b e l l a r e c l u s t e r e d i n t h r e e zones, the Comfort 
( n o r t h ) , B l u e b e l l ( c e n t r e ) and Kootenay C h i e f ( s o u t h ) , s e p a r a t e d by b a r r e n 
i n t e r v a l s about 500 m i n l e n g t h . The o r e s h o o t s a r e p a r a l l e l t o s t e e p 
t e n s i o n a l c r o s s - f r a c t u r e s w h i c h have t h e f o l l o w i n g a v erage a t t i t u d e s i n t h e 
t h r e e zones: 

Zone S t r i k e D i p 
Comfort ( n o r t h ) N72 W 83 N 
B l u e b e l l ( c e n t r e ) N75.5 W 82 S 
Kootenay C h i e f ( s o u t h ) N62.5 W 84.5 N 
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KOOTENAY 
LAKE 

LEGEND 
1 HAMILL GROUP 
2 BADSHOT FORMATION 
3 INDEX FORMATION 

1 km 

INTERPRETATIONS OF THE STRUCTURAL SETTING OF THE BLUEBELL MINE, 

FIGURE 5 - 2 RIONDEL, B.C. 
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These f r a c t u r e s seldom p e n e t r a t e t h e h a n g i n g w a l l . A zone o f 
b r e c c i a t e d l i m e s t o n e about 15 m wide marks the boundary between t h e l i m e ­
s t o n e segments of d i f f e r e n t c r o s s - f r a c t u r e o r i e n t a t i o n . 

The o r e was p r e d o m i n a n t l y m a s s i v e c o a r s e p y r r h o t i t e , s p h a l e r i t e 
and g a l e n a ; however, d i s s e m i n a t e d s u l f i d e s , narrow bands of medium t o 
c o a r s e s u l f i d e s i n q u a r t z and ma r b l e and s u l f i d e - f i l l e d f r a c t u r e s were 
a l s o mined. Ore s h o o t s ranged i n s i z e from i r r e g u l a r pods of a few thousand 
t o n s t o c o n t i n u o u s masses of up to one m i l l i o n t o ns t h a t extended down-dip 
as much as 500 m. I n c r o s s - s e c t i o n , an av e r a g e o r e shoot was mushroom-
shaped, t h e stem r e p r e s e n t i n g c r o s s - c u t t i n g k e e l s 1 t o 30 m wide and the 
cap r e p r e s e n t i n g a b e d d i n g - c o n f o r m a b l e h o r i z o n up to 6 m t h i c k t h a t extended 
l a t e r a l l y as much as 50 m from t h e k e e l zone. The k e e l zones e x t e n d e d 
below t h e c o n f o r m a b l e o r e some 10 t o 20 m, n a r r o w i n g and g r a d i n g i n t o a 
s e r i e s o f s t e e p m i n e r a l i z e d f r a c t u r e s t h a t became u n e c o n o m i c a l t o mine. 
Some of the f r a c t u r e zones and k e e l s of the l a r g e r o r e s h o o t s e x t e n d e d t o 
t h e f o o t w a l l . A few o r e s h o o t s a l s o d e v e l o p e d a l o n g t h e f o o t w a l l i n a 
s t y l e complementary t o h a n g i n g w a l l o r e s h o o t s . D e p r e s s i o n s a l o n g t h e 
f o o t w a l l and a r c h e s a l o n g t h e h a n g i n g w a l l were p a r t i c u l a r l y f a v o u r a b l e 
a r e a s f o r o r e a c c u m u l a t i o n s . Ore s h o o t s more tha n d o u b l e d i n t h i c k n e s s and 
s p r e a d out l a t e r a l l y as ' r u n s 1 a l o n g s t r i k e on t he down-dip s i d e o f d i s ­
p l a c e d l amprophyre dyke segments. V e r y l i t t l e o r e o c c u r r e d on the u p - d i p 
s i d e of t h e s e segments and n o t u n t i l 30 m f u r t h e r u p - d i p d i d o r e a t t a i n 
n o r m a l t h i c k n e s s e s . 

A few p r e - o r e d i a b a s e dykes t h a t were s u b - p a r a l l e l t o t he o r e 
f r a c t u r e systems c u t t h e R i o n d e l sequence. Ore tended t o l o c a l i z e on t h e 
u n d e r s i d e of t h e dykes t h a t c u t o r e s h o o t s . A 1 t o 3 m t h i c k bed o f 
g r a p h i t i c q u a r t z - m i c a s c h i s t , t h e f T M i d - L i m e s t o n e S c h i s t 1 1 , o c c u r s n e a r t h e 
m i d d l e of t h e B l u e b e l l L i m e s t o n e on and below t h e bottom l e v e l a t t h e 
n o r t h end o f t h e mine. D r i l l i n g i n d i c a t e d a r e a s of b e d d i n g - c o n f o r m a b l e 
s u l f i d e s s i t u a t e d below t h i s s c h i s t . 

Mine g e o l o g i s t s thought t h a t the o r e s h o o t s were r e p l a c e m e n t 
d e p o s i t s i n t h e l i m e s t o n e . Underground o b s e r v a t i o n s i n d i c a t e t h a t h y d r o -
t h e r m a l o r e s o l u t i o n s e n t e r e d s t e e p e a s t - w e s t t e n s i o n a l f r a c t u r e s i n t h e 
l i m e s t o n e from t h e f o o t w a l l , ascended a l o n g t h e s e f r a c t u r e s i n t o d i l a t a n t 
zones, and s p r e a d o u t below impermeable b a r r i e r s s u c h as the h a n g i n g w a l l 
s c h i s t , h a n g i n g w a l l p e g m a t i t e , t h e lamp r o p h y r e and d i a b a s e d y k e s , and 
m i d - l i m e s t o n e s c h i s t . 

R e g i o n a l metamorphic s t u d i e s i n d i c a t e t h a t metamorphism t o o k 
p l a c e a t depths between 18 and 28 km. D e t a i l e d f l u i d i n c l u s i o n s t u d i e s 
i n f e r o r e f o r m a t i o n t o have t a k e n p l a c e a t a d e p t h of 7 km. I f t h e s e 
i n t e r p r e t a t i o n s a r e c o r r e c t , o r e f o r m a t i o n o c c u r r e d a f t e r t he metamorphic 
c u l m i n a t i o n . I e n v i s a g e h y d r o t h e r m a l s o l u t i o n s h a v i n g been r e l e a s e d a t 
depth from i n t e r s t i t i a l t r a p s as a r e s u l t of t h e d e c r e a s e i n the c o n f i n i n g 
p r e s s u r e caused by the e r o s i o n of o v e r l y i n g r o c k s . On a s c e n d i n g , t h e s e 
s o l u t i o n s scavenged m e t a l s and combined i n s u f f i c i e n t q u a n t i t i e s i n l a r g e 
enough channelways e v e n t u a l l y to form t h e B l u e b e l l orebody. 
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MINERALOGY AND OXIDATION 

The m i n e r a l o g y has been w e l l d e s c r i b e d by s e v e r a l g e o l o g i s t s . 
I n summary the m i n e r a l s a s s o c i a t e d w i t h t h e B l u e b e l l . o r e d e p o s i t a r e : 

1. Ore M i n e r a l s : G a l e n a and m a r m a t i t i e ( s p h a l e r i t e ) . 
2. Other S u l f i d e s : P y r r h o t i t e , a r s e n o p y r i t e , p y r i t e and 

c h a l c o p y r i t e . 
3. Gangue M i n e r a l s : Q u a r t z , c a l c i t e , s i d e r i t e , r h o d o c h r o s i t e , 

k n e b e l i t e , m i n n e s o t a i t e , d i c k i t e , c h l o r i t e , 
and m a g n e t i t e . 

4. Oxide Zone M i n e r a l s : P y r i t e , h e m a t i t e , l i m o n i t e , n a t i v e copper 

The sequence of m i n e r a l i z i n g e v e n t s has been d e s c r i b e d as f o l l o w s . 
The e a r l i e s t and h i g h e s t t e m p e r a t u r e m i n e r a l formed was k n e b e l i t e , a 
manganese o l i v i n e c l o s e l y r e s e m b l i n g f a y a l i t e . The o r e t h a t formed i n 
a s s o c i a t i o n w i t h k n e b e l i t e had some u n i q u e c h a r a c t e r i s t i c s such a s : 

1. Some of t h e p y r r h o t i t e o c c u r r e d as 0.5 t o 1 cm l a t h s and 
n e e d l e s i n a r u n i c t y p e p a t t e r n . 

2. Amber t o g o l d e n s p h a l e r i t e was o f t e n n o t e d , sometimes rimming 
b l a c k m a r m a t i t e . 

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

Runs of m a s s i v e s u l f i d e s s i m i l a r t o t y p i c a l m a s s i v e o r e from 
k n e b e l i t e - f r e e o r e s h o o t s a l s o o c c u r r e d i n the k n e b e l i t e zones. The 
m a s s i v e o r e (of e i t h e r zone) c o n t a i n e d v a r y i n g amounts of p y r r h o t i t e , 
g a l e n a and m a r m a t i t e w i t h i n o r i n t e r f i n g e r i n g w i t h m a r b l e . Vugs, o f t e n 
c o n t a i n i n g s p e c t a c u l a r c r y s t a l s and c r y s t a l c l u s t e r s o f q u a r t z , c a l c i t e , 
p y r r h o t i t e , p y r i t e , a r s e n o p y r i t e , m a r m a t i t e and g a l e n a , were d e v e l o p e d i n 
t h e m a s s i v e o r e d u r i n g t h e f i n a l m i n e r a l i z i n g phase. 

Subsequent to the f o r m a t i o n and u p l i f t o f t h e o r e d e p o s i t t o 
t h e p r e s e n t e r o s i o n a l l e v e l , o x i d a t i o n of some of t h e o r e t o o k p l a c e . 
The i r r e g u l a r d i s t r i b u t i o n of the o x i d i z e d a r e a s s u g g e s t s t h a t d e s c e n d i n g 
o x i d i z i n g ground w a t e r f o l l o w e d i r r e g u l a r channelways and o x i d i z e d o n l y 
t h e p a r t s of t h e o r e s h o o t s t h a t t h e y came i n c o n t a c t w i t h . To e x p l a i n 
t h i s , ground w a t e r must have f l o w e d t h r o u g h the B l u e b e l l L i m e s t o n e t o 
l e v e l s as much as 300 m below t h e p r e s e n t s u r f a c e l e v e l of Kootenay Lake 
(533 m above the sea l e v e l ) . I t has been s u g g e s t e d t h a t t h i s o c c u r r e d 
when a r i v e r f l o w e d s o u t h t h r o u g h t h i s a r e a a t a s u f f i c i e n t l y low e l e v a t i o n 
t o a l l o w t h e f l o w of o x i d i z i n g ground water t h r o u g h t h e B l u e b e l l L i m e s t o n e . 
The r i v e r , i t i s b e l i e v e d , was e v e n t u a l l y b l o c k e d by the Columbia b a s a l t 
f l o w s i n t h e Spokane a r e a . 
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A p a r a g e n e t i c sequence d e f i n i n g t h e s t a g e s of o x i d a t i o n o b s e r v e d 
i n t h e B l u e b e l l o r e i s summarized below: 

1. F r e s h p y r r h o t i t e c u t by h a i r l i n e v e i n l e t s o f p y r i t e . 

2. D i s i n t e g r a t i n g p y r r h o t i t e c u t by 1 mm t o 5 mm wide v e i n l e t s 
o f p y r i t e . 

3. Sponge p y r i t e o n l y , no p y r r h o t i t e l e f t ; h e m a t i t e f o r m s . 

4. Sponge p y r i t e c o m p l e t e l y c o n v e r t e d t o sponge h e m a t i t e w i t h 
some l i m o n i t e . 

5. Development of masses o f l i m o n i t i c mud. B l o c k s of h i g h grade 
g a l e n a and s p h a l e r i t e appeared r e l a t i v e l y u n a f f e c t e d . The 
l i m o n i t i c mud o f t e n c o n t a i n e d f i n e g a l e n a and s p h a l e r i t e g r a i n s . 

THERMAL WATER 

Flows of CO^-charged t h e r m a l w a t e r s from f i s s u r e s i n the B l u e b e l l 
L i m e s t o n e was an a c t i v e g e o l o g i c a l p r o c e s s t h a t f r e q u e n t l y caused problems 
underground. These w a t e r s c o n t a i n e d a g r e a t e r q u a n t i t y o f d i s s o l v e d s o l i d s 
and c h l o r i n e t han t h e l a k e w a t e r i n d i c a t i n g , p o s s i b l y , t h a t t h e t h e r m a l 
w a t e r s had a j u v e n i l e component. 

A number o f cave phenomena were o b s e r v e d t o form o v e r s h o r t p e r i o d s 
o f - t i m e (weeks t o y e a r s ) . 1 Soda s t r a w s 1 , s t a l a c t i t e s , and 'bacon s t r i p s 1 

were commonly o b s e r v e d suspended from t h e backs of mine o p e n i n g s . 1 B i r d s 
n e s t s ' w i t h l o o s e eggs formed under s t e a d y d r i p s and ' f l o w s t o n e ' d e p o s i t s 
and ' f r o z e n w a t e r f a l l s 1 formed i n c o n s t a n t l y f l o w i n g t h e r m a l w a t e r . Where 
t r a i n s r a n t h r o u g h slow-moving t h e r m a l w a t e r s t h e swash caused g r o w i n g 
c o n c r e t i o n s t o r o l l around r e s u l t i n g i n w e l l - r o u n d e d u n i f o r m s i z e d p a r t i c l e s 
( t y p i c a l l y pea t o m a r b l e - s i z e d ) . 

CONCLUSIONS 

G e o l o g i c a l l y r e l a t e d problems s u c h as t h e f l o w s o f t h e r m a l and 
l a k e w a t e r , t h e C 0 9 g a s , the s o f t and r o t t e n ground a l o n g many of t h e 
t h e r m a l w a t e r c o u r s e s , the masses o f o x i d e mud i n many o r e s h o o t s and t h e 
p o s i t i o n below Kootenay Lake a l l had a p r o f o u n d e f f e c t on m i n i n g . The 
o p e r a t o r s and m i n e r s d e s e r v e c o n s i d e r a b l e c r e d i t f o r t h e i r i n g e n u i t y , 
p e r s e v e r e n c e , and h a r d work i n h a n d l i n g t h e s e p r o b l e m s . 
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PART 6 

DAY 3: H.B. MINE, SALMO, B.C. 

(G. F. Warning and s t a f f ) 

INTRODUCTION 

The H.B. Mine and c o n c e n t r a t o r i s s i t u a t e d about seven m i l e s 
s o u t h e a s t of t h e v i l l a g e o f Salmo, B.C. on the n o r t h s i d e o f t h e Sheep 
Creek v a l l e y . 

The p r o p e r t y was o r i g i n a l l y s t a k e d by H o r t o n and Benson (hence 
H.B.) i n about 1907 and was pu r c h a s e d by Cominco L t d . i n 1927. I n t e r ­
m i t t e n t work was c a r r i e d o u t u n t i l 1946. L a t e r , an e x t e n s i v e diamond 
d r i l l i n g program was u n d e r t a k e n f o l l o w e d by underground e x p l o r a t i o n . 

W i t h s u f f i c i e n t o r e o u t l i n e , c o n s t r u c t i o n o f a 1000-ton/day 
c o n c e n t r a t o r was s t a r t e d i n A p r i l o f 1952 and co m p l e t e d i n t h e s p r i n g o f 
1953. Due t o u n f a v o u r a b l e m e t a l p r i c e s o p e r a t i o n d i d not commence u n t i l 
May, 1955 and was suspended i n 1966. The mine resumed p r o d u c t i o n i n e a r l y 
1973. 

GEOLOGY OF THE H.B. MINE 

The H.B. Mine i s l o c a t e d w i t h i n t h e Kootenay A r c w h i c h i n t h e 
Salmo a r e a c o n s i s t s o f an assemblage o f metasediments r a n g i n g from q u a r t z ­
i t e and a r g i l l i t e o f t h e H a m i l l Group, l i m e s t o n e o f t h e Reeves F o r m a t i o n 
and a r g i l l i t e o f t h e o v e r l y i n g Lower L a i b F o r m a t i o n . The H.B. o r e b o d i e s 
a r e l o c a l i z e d w i t h i n t h e d o l o m i t i z e d l o w e r p a r t o f t h e Reeves L i m e s t o n e 
(which has been c o r r e l a t e d w i t h t h e Badshot F o r m a t i o n to t h e n o r t h , F y l e s 
e t . a l . , 1959). 

c 
I-

f 
Ik 

I n t h e mine v i c i n i t y , t h e Lower L a i b i s f o l d e d i s o c l i n a l l y w i t h fT 
a x i a l p l a n e s s t r i k i n g n o r t h - s o u t h and i n c l i n e d s t e e p l y e a s t . The f o l d s £ 
p l u n g e 20 degrees t o t h e s o u t h . The main o r e b o d i e s a r e c o n f i n e d t o a 
s y n c l i n e a p p r o x i m a t e l y 3500 f e e t i n l e n g t h and 200 t o 400 f e e t wide. The - r 

Garnet o r e zone 500 f e e t t o the west i s i n a s m a l l e r s y n c l i n e . There a r e | 
e s s e n t i a l l y two t y p e s o f o r e b o d i e s , a s t e e p l y d i p p i n g v a r i e t y o f o r e 
s t r i n g e r s and a f l a t l y i n g t y p e . B o t h t y p e s conform t o the 20 degree 
p l u n g e o f t h e f o l d . - f 

The f i n e - g r a i n e d d o l o m i t e h o s t r o c k s f o r t h e o r e a r e e i t h e r 
d e s c r i b e d as " c r a c k l e d " o r as " g r e y , m a s s i v e " . C r a c k l e d o l o m i t e i s a 
w h i t e d o l o m i t e c o n t a i n i n g d a r k carbonaceous m a t e r i a l i n l i n e a t i o n s , p a t c h e s |, 
and s t r e a k s . I t r e p r e s e n t s a banded r o c k w h i c h has undergone tremendous 
s t r e s s e s . The g r e y , m a s s i v e d o l o m i t e i s u n t e x t u r e d and h o s t s o n l y a s m a l l 
p e r c e n t a n g e o f the t o t a l H.B. r e s e r v e s . The m i n e r a l o g y of t h e o r e i s t 
s i m p l e c o n s i s t i n g of s p h a l e r i t e , p y r i t e , and g a l e n a w i t h p y r r h o t i t e o c c u r - C; 
r i n g l o c a l l y . The l a r g e r s t e e p zones have a Zn:Pb r a t i o of about 6:1 
whereas t h e f l a t zones have a Zn:Pb r a t i o o f 2.4:1. f : 



53 

f t The b o u n d a r i e s of t h e H.B. o r e b o d i e s a r e d e t e r m i n e d by t h e s t r u c ­
t u r e , l i t h o l o g y , and topography. To t h e s o u t h , t h e o r e zones p i n c h - o u t 
a p p a r e n t l y caused by an upward r e - f o l d i n g of t h e s y n c l i n a l package. To 
the e a s t and west t h e s y n c l i n e and the d o l o m i t e h o s t r o c k c o n t r o l t h e 
e x t e n t o f m i n e r a l i z a t i o n . To t h e n o r t h , t h e o r e zones p l u n g e up t o s u r ­
f a c e and a r e a l m o s t c o m p l e t e l y o x i d i z e d w i t h i n 300 f e e t of s u r f a c e . 

MINING 

The o r e b o d i e s a r e mined from underground by open, s h r i n k a g e and 
l o n g h o l e methods. 

A c c e s s t o the mine i s by two main o p e n i n g s . The p o r t a l of t h e 
main e n t r a n c e , t h e 2800 h a u l a g e way, i s s i t u a t e d about 300 f e e t above Sheep 
Creek and p r o v i d e s a c c e s s from t h e main s u r f a c e b u i l d i n g s . Most of t h e 
p e r s o n n e l and some s u p p l i e s a r e c a r r i e d i n on t h i s l e v e l , and a l l t h e o r e 
and w a s t e i s trammed o u t . 

The 3500 p o r t a l i s l o c a t e d about 200 f e e t above Aspen Creek and 
p r o v i d e s a c c e s s t o t h e n o r t h o r e zones and to t h e h o i s t room f o r t h e s e r v i c e 
s h a f t . Most m a t e r i a l and a few p e r s o n n e l e n t e r t h e mine t h r o u g h t h i s open­
i n g . A t h i r d a c c e s s of l e s s e r i m p o r t a n c e , the 3300 p o r t a l , i s l o c a t e d 
above t h e 2800 l e v e l p o r t a l and on t h e same s l o p e . 

Underground, o r e i s trammed on the 2800 l e v e l , u s i n g a D e u t z -
e n g i n e d GIA l o c o m o t i v e p u l l i n g 12 ( o r 13) 6-ton c a r s from v a r i o u s c h u t e s 
and dumpings a t t h e c o a r s e o r e b i n l o c a t e d on s u r f a c e about 340 f e e t e a s t 
o f t h e p o r t a l . Ore from t h e n o r t h o r e zones must f i r s t be trammed on the 
3300 l e v e l by an e l e c t r i c " T i t a n " l o c o m o t i v e p u l l i n g s i x 4-ton c a r s , dumping 
i n t o #1 o r e p a s s , and thence b e i n g trammed on t h e 2800 l e v e l . A l l t h e o t h e r 
o r e and waste movement underground i s e f f e c t e d by 20 t o 60 H.P. a i r o r 
e l e c t r i c s l u s h e r s and by g r a v i t y t h r o u g h a system of o r e passe s down t o t h e 
2800 l e v e l . Ore i s l o a d e d i n t o t h e c a r s by a i r - c y l i n d e r o p e r a t e d c h u t e s . 

MILLING 

The m i l l f e e d i s a s i m p l e m i x t u r e o f s p h a l e r i t e , p y r i t e and 
g a l e n a , w i t h a gangue of t a l c , l i m e s t o n e and d o l o m i t e . 

The t e x t u r e o f t h e s u l p h i d e s i s g e n e r a l l y f i n e g r a i n e d . M i l l i n g 
p r a c t i c e i n c l u d e s r e - g r i n d i n g t h e z i n c r o u g h e r c o n c e n t r a t e t o p r o v i d e t h e 
r e q u i r e d degree of l i b e r a t i o n f o r the d e p r e s s i o n of p y r i t e and gangue m a t e r i a l . 

C o n c e n t r a t i o n a t t h e H.B. i s c o n v e n t i o n a l . Two-stage open c i r c u i t 
c r u s h i n g i s f o l l o w e d by open c i r c u i t r o d m i l l i n g and c l o s e d - c i r c u i t b a l l m i l l ­
i n g . 

T a l c f l o t a t i o n i s e f f e c t e d b e f o r e l e a d and z i n c f l o t a t i o n . T h i s i s 
n e c e s s a r y t o a v o i d c o n t a m i n a t i o n o f the l e a d c o n c e n t r a t e . 

F l o t a t i o n o f l e a d and z i n c c o n s i s t s of r o u g h i n g , c l e a n i n g and 
r e c l e a n i n g . The c o n c e n t r a t e s a r e t h i c k e n e d , f i l t e r e d and t r u c k e d t o the 
s m e l t e r i n T r a i l . 

'*~*-s\"--7**Zl "frig?**-" '-v *s?i ••H*t»tm~£ «»tr~r *„js -»r«*wn. 
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Typ i c a l Operating Data 

Tonnage 1200 tons per day 
Crushing rate 200 tons per hour 
Crush +3/4" 29% 

-48 mesh 13% 
Pulp d e n s i t i e s : R.M. disch. 72% s o l i d s 

B.M. disch. 78% s o l i d s 
Class. 0/Flow 42% s o l i d s 

Screen a n a l y s i s : +20M +100M -200M 
R.M. discharge 16.0 42.0 44.0 
B.M. discharge 3.1 24.0 53.0 
K.O. - 5.8 71.0 

Assays % Pb % Pb 
Pb Cone. 55.0 11.0 
Zn Cone. 2.5 55.0 

Reagent Consumption (lb./ton feed) 
Z - l l 0.15 
M.I.C. 0.04 
NaCn 0.15 
CuS04 ( l i q u i d ) 0.60 
CaO 0.65 
Dowfroth 0.02 
Hydrated CaO 0.04 
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