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INTRODUCTION 
The B l u e b e l l mine i s one of t h e major o r e d e p o s i t s i n the 

l e a d - z i n c t e r r a i n of B r i t i s h Columbia ( F y l e s , 1966), and i s p a r t 
of a l a r g e r m e t a l l o g e n i c p r o v i n c e e x t e n d i n g s o u t h i n t o Washington, 
Idaho and Montana. As one of t h e o l d e s t mines i n B.C. and a major 
producer i n i t s t i m e , t h e B l u e b e l l mine p r o v i d e s us w i t h a unique 
l o o k a t t h e geolog y and h i s t o r y of t h i s p a r t of s o u t h e a s t e r n B.C. 

117*00- » * * « • 

F i g u r e 1. L o c a t i o n o f the B l u e b e l l Mine, R i o n d e l A r e a , 
S o u t h e a s t e r n B r i t i s h Columbia {from Hoy, 1980). 
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LOCATION AND ACCESS 
The B l u e b e l l mine i s on the e a s t shore o f Kootenay 

Lake, 48km e a s t of N e l s o n , i n s o u t h e a s t e r n B r i t i s h Columbia. Ac c e s s 
t o the town of R i o n d e l and the mine i s by a 10km road which 
branches n o r t h from t r a n s - p r o v i n c i a l highway 3 a l o n g the Kootenay 
Lake s h o r e l i n e ( F i g . 1 ) . 

HISTORY OF EXPLORATION 
M i n e r a l i z e d showings a t the s i t e of t h e B l u e b e l l mine were 

f i r s t d i s c o v e r e d i n t h e e a r l y 1800s, but the p r o p e r t y was not 
s t a k e d u n t i l 1882. P r o d u c t i o n from the B l u e b e l l p r o p e r t y began i n 
1895 and c o n t i n u e d i n t e r m i t t e n t l y u n t i l 1927 under v a r i o u s owners. 
Ore was i n i t i a l l y s m e l t e d a t P i l o t Bay, 12 km sout h of R i o n d e l . 
D u r i n g t h i s time 491 ,000 tonnes of ore were mined a v e r a g i n g 6.5% Pb, 
8.2% Zn and 96g/tonne Ag. Heavy f l o w s o f water i n o r e b o d i e s 
u n d e r l y i n g Kootenay Lake caused a pumping problem which 
c o n t r i b u t e d t o the c l o s i n g of t h e mine. I n 1927 Cominco a c q u i r e d 
the p r o p e r t y but l i t t l e work was done u n t i l 1947. From 1952 t o 
c l o s u r e of the mine i n 1971, Cominco L t d . mined 4.333 m i l l i o n 
tonnes of o r e a v e r a g i n g 5.1% Pb, 6.1% Zn, and 55g/tonne Ag. T o t a l 
p r o d u c t i o n was 4,823,000 tonnes c o n t a i n i n g 5.2% Pb, 6.3% Zn, and 
60g/tonne Ag. 

REGIONAL GEOLOGY 
The B l u e b e l l mine i s l o c a t e d near the c e n t r e of the Kootenay 

A r c , a 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 i n the s o u t h - e a s t e r n 
Canadian C o r d i l l e r a (Hoy, 1977). To t h e e a s t , the Kootenay A rc i s 
f l a n k e d by o l d e r r o c k s of the P u r c e l l A n t i c l i n o r i u m . The Shuswap 
Metamorphic Complex l i e s t o t h e west ( F i g . 2 ) . 

o IOO 

SCALI -

F i g u r e 2. G e n e r a l g e o l o g i c map of s o u t h e a s t e r n B r i t i s h 
Columbia (from Hoy, 1980). 

The B l u e b e l l mine l i e s w i t h i n a l o c a l metamorphic c u l m i n a t i o n 
and near a r e g i o n a l s t u c t u r a l c u l m i n a t i o n i n the Kootenay A rc 
(Hoy, 1976 and 1977). H a d r y n i a n t o e a r l y Mesozoic r o c k s i n t h i s p a r t 
of the A r c are compressed i n t o i s o c l i n a l t o t i g h t , n o r t h - t r e n d i n g 
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f o l d s . To the n o r t h of the mine f o l d axes plunge g e n t l y 
northwards whereas t o t h e s o u t h axes g e n e r a l l y plunge s o u t h ( F y l e s 
and Eastwood, 1962, F y l e s and H e w l e t t , 1959). Hoy (1977) draws 
a t t e n t i o n t o the e x i s t a n c e of a major recumbent a n t i f o r m a l 
s t r u c t u r e i n t h i s a r e a c a l l e d t h e R i o n d e l nappe. 

R e g i o n a l metamorphic grade v a r i e s over the l e n g t h of the A r c . 
The Salmo a r e a i s c h a r a c t e r i s e d by g r e e n s c h i s t f a c i e s . W i t h i n the 
R i o n d e l a r e a , t h e metamorphic grade ranges from upper g r e e n s c h i s t 
i n the e a s t t o upper a m p h i b o l i t e i n the west (Hoy, 1976). 
Metamorphic i s o g r a d s t r e n d n o r t h - s o u t h s u b p a r a l l e l t o the s t r u c t u r a l 
t r e n d but a r e l o c a l l y c r o s s - c u t t i n g . Northward from Duncan Lake 
lower grade b i o t i t e and g a r n e t zones predominate. 

LOCAL GEOLOGY 
Stratigraphy 

Rocks i n the B l u e b e l l mine have been c o r r e l a t e d w i t h a Lower 
P a l e o z o i c sequence e s t a b l i s h e d i n the Duncan Lake a r e a t o t h e 
n o r t h and Salmo a r e a t o the sou t h (Hoy, 1980). The s t r a t i g r a p h i c 
sequence f o r the R i o n d e l a r e a i s i l l u s t r a t e d i n Ta b l e 1. 
U n f o r t u n a t e l y , no f o s s i l s were found i n the R i o n d e l a r e a so the 
sequence i s based p u r e l y on c o r r e l a t i o n . T h i s s u c c e s s i o n i s 
i n v e r t e d i n the a r e a of the B l u e b e l l mine. 

Table 1. T a b l e o f f o r m a t i o n s , R i o n d e l area (from Hoy, 1980). 

Group ! Formation 
Map 
Unit 

• 

Estimated 
Thickness 

metres 
Description 

I 
;Lardeauj Index L4 top not exposed micaceous schist and gneiss 

| : L3 400 - 450 calc-silicate gneiss, amphibolite, schist; impure mar- 1 

ble; amphibolite layer and pure white quartzite : 
layer near base 

I L 2 700 biotite-hornblende gneiss, amphibolite; minor calc-
silicate gneiss, marble, and schist 

' L1 150 micaceous schist 

Badshot ! B 1 5 - 30 white crystalline calcite marble, dolomite 

Mohican | M ~ 5 0 

L- -

230 

interlayered quartzite, calcareous and micaceous 
schist, limestone, and dolomite 

Hamill I : H4 

~ 5 0 

L- -

230 dark quartzite, dark fine-grained quartz-rich schist 

i 
H3 60 - 200 massive, white quartzite 

: H2 2 000 
i 

interbedded micaceous schist, quartzite, and silt-
stone; minor amphibolite 

, j 
HI 1 600 massive, white quartzite; gritty quartzite 

Horse- j 

' thief j. 

H T C ' base not exposed 
i 

fine-grained, light grey to green chlorite-muscovite , 
schist and phyllite; rare white quartzite and marble 

j Creek j | i 
I 

near top 

The o l d e s t r o c k s i n the are a a r e the Horset "of Creek Group 
cons i s t i n g m a i n l y of c h l o r i t e - m u s c o v i t e s c h i s t and p h y l l i t e with-
minor q u a r t z i t e and mar b l e . The lower Cambrian H a m i l l Group, 
o v e r l y i n g t h e H o r s e t h i e f Creek Group, reaches a t h i c k n e s s o f 
more t h a n 3,500 metres i n the mine a r e a and i s s u b d i v i d e d i n t o 
f o u r d i s t i n c t u n i t s . The map u n i t s comprise q u a r t z i t e , q u a r t z -
r i c h s c h i s t , micaceous s c h i s t and minor a m p h i b o l i t e . The lower 
Lardeau Group i s s u b d i v i d e d i n t o t h r e e f o r m a t i o n s as f o l l o w s : 
the Mohican F o r m a t i o n , the Badshot F o r m a t i o n , and the Index 
F o r m a t i o n . The Mohican F o r m a t i o n , a g r a d a t i o n a l u n i t between the 
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H a m i l l Group and the Badshot marble, c o n s i s t s p r e d o m i n a n t l y of 
t h i n l y bedded c a l c a r e o u s s c h i s t and q u a r t z i t e , r u s t y - w e a t h e r i n g 
micaceous s c h i s t , and l i m e s t o n e . The Badshot F o r m a t i o n , c o r r e l a t i v e 
w i t h the Reeves F o r m a t i o n i n the Salmo camp, 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 sequence. I n the mine a r e a the p r e d o m i n a n t l y 
pure l i m e s t o n e u n i t averages 15 t o 30m i n t h i c k n e s s . I r r e g u l a r 
zones of d o l o m i t e and c h e r t w i t h i n the l i m e s t o n e h o s t the l e a d - z i n c 
d e p o s i t s . O v e r l y i n g the Badshot a r e s e v e r a l hundred metres of 
micaceous s c h i s t a t t h e base of the Index F o r m a t i o n . F i g u r e 3 
i l l u s t r a t e s a r e c o n s t r u c t e d s e c t i o n of Lower Cambrian r o c k s i n the 
Kootenay A r c . 

RESTORED SECTION LATE LOWER CAMBRIAN 

F i g u r e 3. R e c o n s t r u c t e d s e c t i o n of Lower Cambrian r o c k s 
i n t h e Kootenay Arc ( a f t e r F y l e s , 1970). 

Three v a r i e t i e s o f igneous r o c k s o c c u r i n t h e c e n t r a l Kootenay 
Lake a r e a : 1) p e g m a t i t e s , 2) g r a n i t i c b a t h o l i t h s and r e l a t e d s t o c k s , 
and 3 ) m a f i c d i k e s and s i l l s . The most e x t e n s i v e pegmatite i n t h e 
mine a r e a i s the h a n g i n g w a l l p e g m a t i t e . T h i s l a t e r a l l y c o n t i n u o u s 
sheet p e r s i s t s 1 t o 10m below the hanging w a l l of the Badshot 
F o r m a t i o n ( F i g . 4 ) . S i n c e i n t e n s e r e g i o n a l metamorphism c u l m i n a t e d 
d u r i n g a phase 2 of d e f o r m a t i o n seen a t t h e mine, many of the c o a r s e 
g r a i n e d b o d i e s a r e i n - s i t u metasomatic 'sweats'. M o b i l i z a t i o n of 
t h e s e 1 s w e a t s 1 r e s u l t s i n p e g m a t i t e s t h a t i n t r u d e the metasediments 
d u r i n g v a r i o u s s t a g e s of phase 2 f o l d development. Major i n t r u s i o n s 
i n the a r e a i n c l u d e t h e N e l s o n b a t h o l i t h which l i e s 8km west of t h e 
mine and t h e C r a w f o r d s t o c k s i t u a t e d 11km s o u t h o f the mine. Where 
g r a n i t i c r o c k s c u t the major f o l d s i n the Kootenay A r c , t h e r m a l 
metamorphism i s superimposed on p r e - e x i s t i n g r e g i o n a l metamorphism 
(Muraro, 1966) . A number of dar k green t o b l a c k m a f i c d i k e s and s i l l s 
o c c u r as the yougest phase of the igneous a c t i v i t i e s i n the a r e a 
( R i c e , 1941). Two s t a g e s of e x t r u s i o n are seen. E a r l y l a m p r o p h y r i c 
dykes a r e broken i n t o l o n g segments by f a u l t i n g a l o n g bedding p l a n e s 
w i t h i n the Badshot F o r m a t i o n . L a t e r d i a b a s e , greenstone and 
l a m p r o p h y r i c dykes c u t b o t h metasediments and p e g m a t i t e s (Hoy, 1981). 
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F i g u r e 4. I d e a l i z e d s e c t i o n s through the B l u e b e l l Mine 
( a f t e r Ransom, 1977). 

Structure 
The R i o n d e l a r e a i s i n t e r p r e t e d i n terms of t h r e e phases of 

d e f o r m a t i o n by Hoy (1980). Phase 1 f o l d i n g i s documented by the 
s t r a t i g r a p h i c s e c t i o n i t s e l f which i s o v e r t u r n e d and r e p r e s e n t s 
the lower l i m b o f a l a r g e n o r t h t r e n d i n g w e s t w a r d - c l o s i n g nappe, 
the R i o n d e l nappe. T i g h t t o i s o c l i n a l phase 2 f o l d s a r e imposed on 
the R i o n d e l nappe. These more open f o l d s a r e a l s o n o r t h t r e n d i n g 
w i t h w e s t - d i p p i n g a x i a l s u r f a c e s . Southwest p l u n g i n g , open phase 3 
f o l d i n g of e a r l i e r s t r u c t u r e s completes the d e f o r m a t i o n h i s t o r y 
(Hoy, 1981). 

Two w e s t - d i p p i n g r e v e r s e f a u l t s , the 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 , l o c a t e d 8km e a s t o f B l u e b e l l mine, p a r a l l e l the 
r e g i o n a l f o l i a t i o n ( F i g . 7 a ) . West of these f a u l t s , the 
s t r a t i g r a p h i c s e c t i o n i s i n v e r t e d . However, t o the e a s t , the 
s u c c e s s i o n i s r i g h t - s i d e - u p . Hoy (1980) d i v i d e d the R i o n d e l a r e a 
i n t o s i x s t r u c t u r a l domains each i n c l u d i n g one o r more major phase 
2 f o l d s ( F i g . 7 a ) . The B l u e b e l l mine l i e s w i t h i n domain 2 which 
i n c l u d e s the h i n g e zone and li m b s of the C r a w f o r d anti-form, a 
phase 2 f o l d . F i g u r e 5 i s a composite s e c t i o n of the u n d e r l i m b o f 

WEST 

F i g u r e 5. Composite s e c t i o n of the R i o n d e l Nappe 
(from Hoy, 1980) 
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the R i o n d e l nappe take n from Hoy (1980) showing phase 2 s t r u c t u r e s 
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 o f H a m i l l , Badshot, and Lar d e a u 
r o c k s . The i n v e r t e d l i m b of the R i o n d e l nappe e x t e n d s under 
Kootenay Lake t o the west and i s bounded t o the e a s t by the West 
Be r n a r d f a u l t . Hoy (1980) proposes two models t o e x p l a i n t h e 
development of the R i o n d e l nappe. The f i r s t model assumes t h a t 
the f i r s t and second phases of d e f o r m a t i o n a r e p a r t s of one 
p r o t r a c t e d d e f o r m a t i o n a l event ( F i g . 6 ) . The second model assumes 
t h a t the Phase 1 f o l d i n g which produces t h e R i o n d e l nappe i s 
separated-by a f i n i t e time i n t e r v a l from the Phase 2 d e f o r m a t i o n 
of the nappe. 

A INITIAL DEVELOPMENT OF PHASE B INCIPIENT DEVELOPMENT OF 
1 FOLDS PHASE 2 FOLDS: ' B A C K — F O L D 

ING' OF PHASE 1 FOLDS 

C PHASE 2 FOLDS WITH CURVED D INTENSE PHASE 2 DEFORMATION 
A X I A L PLANES OF THE PHASE 5 FOLDS - THE 

S T R U C T U R E OF THE RIONDEL 
A R E A 

F i g u r e 6. P o s t u l a t e d s t a g e s i n the: e v o i u t i o n of the R i o n d e l nappe, 
assuming a model i n w h i c h the f i r s t and second phases 
of d e f o r m a t i o n are p a r t s of one p r o t r a c t e d d e f o r m a t i o n a l 
event ( a f t e r Hoy, 1 980- . 

Metamorphism 
D e t a i l e d s t u d i e s of the R i o n d e l a r e a metamorphism have been 

c a r r i e d o ut by Hoy (1976) . The r e g i o n a l metamorphic grade i n t h e 
Kootenay A r c ranges from lower g r e e n s c h i s t t o upper a m p h i b o l i t e 
f a c i e s . An e l o n g a t e b e l t of s i l l i m i n i t e grade metamorphism i s 
c e n t r e d on Kootenay Lake and ext e n d s n o r t h toward Duncan Lake. 
The B l u e b e l l mine i s l o c a t e d w i t h i n t h i s metamorphic c u l m i n a t i o n . 
Metamorphic grade ranges from upper g r e e n s c h i s t f a c i e s i n t h e e a s t 
t o upper a m p h i b o l i t e f a c i e s i n the - west w i t h i n the R i o n d e l a r e a . 
Four c a l c - s i l i c a t e i s o g r a d s have been mapped i n the R i o n d e l a r e a 
( F i g . 7 b ) . These i s o g r a d s t r e n d n o r t h w a r d s u b p a r a l l e l t o t h e 
dominant s t r u c t u r a l t r e n d s but a r e l o c a l l y c r o s s - c u t t i n g . W i t h i n 
the R i o n d e l a r e a two p e l i t i c i s o g r a d s ( F i g . 7c) c o i n c i d e on a P/T 
diagram d e f i n i n g p r e s s u r e and te m p e r a t u r e o f metamorphism t o be 
a p p r o x i m a t e l y 5.5kb and 625°C (Hoy, 1980). 
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F i g u r e 7. a) S t r u c t u r a l domains i n the R i o n d e l a r e a , b) D i s t r i b u t i o n 
of p e l i t i c i s o g r a d s and g r a n i t e - p e g m a t i t e s i l j . .u..1 dykes 
i n the Riondel. a r e a , c) d i s t r i b u t i o n of c a l c - s i I u-dte 
i s o g r a d s i n the R i o n d e l a r e a . Grade of r e g i o n s ! 
metamorphism i n c r e a s e s toward west (from Hoy, 



OREBODIES 
The B l u e b e l l mine i s one of the major o r e d e p o s i t s i n an 

im 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 t h a t 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.C. t o n o r t h of 
R e v e l s t o k e ( F y l e s , 1966). S h a l e - h o s t e d , s t r a t i f o r m and 
s t r a t a b o u n d c a r b o n a t e h o s t e d and l e a d - z i n c - s i l v e r v e i n d e p o s i t s 
occur i n t h i s a r e a i n a v a r i e t y o f r o c k t y p e s of v a r i o u s ages. 

L e a d - z i n c d e p o s i t s of t h e Kootenay A r c a r e d i v i d e d a c c o r d i n g 
t o F y l e s (1966), i n t o c o n c o r d a n t and t r a n s g r e s s i v e types on the 
b a s i s of t h e i r s t r u c t u r a l r e l a t i o n s h i p s w i t h h o s t r o c k s . 
Concordant d e p o s i t s a r e e x e m p l i f i e d by Salmo-type d e p o s i t s . 
T r a n s g r e s s i v e d e p o s i t s are d i v i d e d i n t o two t y p e s : replacement 
d e p o s i t s such as B l u e b e l l and 1 v e i n s and l o d e s 1 t y p i f i e d by the 
A i n s w o r t h Camp. S e v e r a l l e a d - z i n c s i l v e r v e i n o c c u r r e n c e s a r e 
noted i n t h e R i o n d e l a r e a . These may be r e l a t e d t o a f r a c t u r e 
system c o n t r o l l i n g l a t e m i n e r a l i z a t i o n a t B l u e b e l l and i n t h e 
A i n s w o r t h Camp. Muraro ( p e r s . comm. t o Hoy, 1979) suggested t h a t 
l a t e f r a c t u r e c o n t r o l l e d m i n e r a l i z a t i o n may r e p r e s e n t i n - s i t u 
r e m o b i l i z a t i o n o f an o l d e r s t r a t a b o u n d d e p o s i t . Lead i s o t o p e d a t a 
p r e s e n t e d by Andrew e_t a l . (1984) f a v o u r s a s y n g e n e t i c o r 
penecontemporaneous o r i g i n and consequent Lower Cambrian age f o r 
the l e a d and m i n e r a l i z a t i o n . Such a model would r e q u i r e t h a t 
k a r s t i n g t a k e p l a c e w i t h i n the Badshot l i m e s t o n e and t h a t t h e o r e b o d i e s 
conform o r i g i n a l l y t o the shape of p r e - d e f o r m a t i o n a l k a r s t i c 
c a v i t i e s . 

The B l u e b e l l ore d e p o s i t s c o n s i s t of t h r e e zones: the Comfort 
ore zone a t the n o r t h end of the B l u e b e l l p e n i n s u l a , the B l u e b e l l 
ore zone i n the c e n t r e , and the Kootenay C h i e f o r e zone a t the s o u t h 
end ( F i g . 8 ) . Each of th e s e zones i s spaced a t a p p r o x i m a t e l y 500 m 

F i g u r e 8. S k e t c h map of R i o n d e l P e n i n s u l a showing d i s t r i b u t i o n of 
f o r m a t i o n s and B l u e b e l l o re zones, p r o j e c t e d t o s u r f a c e 
(from Hoy, 1980). 

i n t e r v a l s a l o n g the s t r i k e of the Badshot m a r b l e . The zones are 
l o c a l i z e d a l o n g steep w e s t e r l y t r e n d i n g c r o s s - f r a c t u r e s and d i p 
s t e e p l y t o v e r t i c a l l y n o r t h ( I r v i n e , 1957). F i g u r e 9 i s a b l o c k 
diagram showing the mode o f o c c u r r e n c e of t h e o r e . Open phase 3 
f o l d i n g i s seen i n the e a s t - w e s t p a n e l of t h e schematic diagram. 
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F i g u r e 9. B l o c k diagram of the B l u e b e l l mine a r e a showing mode of 
o c c u r r e n c e o f t h e o r e (from Shannon, 1970). 

Ransom (1977) has d e s c r i b e d t h e geometry of i n d i v i d u a l ore s h o o t s . 
H i s d e s c r i p t i o n f o l l o w s ( R e f e r e n c e t o F i g s . 10 and 11 i s 
recommended): 

"The o r e 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 t o one mi 11ion tons t h a t 
extended down-dip as much as 500 m e t r e s . I n c r o s s - s e c t i o n , an 
average o r e shoot was mushroom-shaped, the 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 metres wide and the cap r e p r e s e n t i n g a 
bedding-conformable h o r i z o n up t o 6 metres t h i c k t h a t extended* 
l a t e r a l l y as much as 50 metres from t h e k e e l zone. The k e e l zones 
extended below the co n f o r m a b l e o r e some 10 t o 20 metres, 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 of 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 uneconomical t o mine. Some of t h e f r a c t u r e zones and 
k e e l of t h e 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 ore 
shoots 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 
to h a n g i n g w a l l ore s h o o t s . D e p r e s s i o n s a l o n g the f o o t w a l l and 
arches a l o n g the hangingwal\. were p a r t i c u l a r l y f a v o u r a b l e areas 
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 t h a n doubled 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 1 r u n s ' a l o n g s t r i k e on the down-dip 
s i d e of d i s p l a c e d lamprophyre dyke segments. Very 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 not u n t i l 30 
metres f u r t h e r u p - d i p d i d ore a t t a i n normal t h i c k n e s s . " 

S t r u c t u r a l c o n t r o l s on m i n e r a l d i s t r i b u t i o n i n c l u d e s t e e p l y 
d i p p i n g c r o s s - f r a c t u r e s , h a n g i n g w a l l Mohican F o r m a t i o n , f o o t w a l l 
Index F o r m a t i o n , e a r l y l a m p r o p h y r i c d y k e s , pegmatite s i l l s , j o i n t s 
( ? ) , c o a r s e - g r a i n e d t o f i n e - g r a i n e d c o n t a c t s and t h i n m u d - f i l l e d 
f r a c t u r e s . I n d i v i d u a l c r o s s - f r a c t u r e s may have formed a f t e r 
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k a r s t i n g w i t h i n the Badshot f o r m a t i o n thus l o c a l l i z i n g ore i n t o 
" k e e l " zones. F i g u r e s 10 and 11 must be i n v e r t e d t o see the 
s u c c e s s i o n r i g h t - s i d e - u p . I n t h i s p o s i t i o n , the Mohican F o r m a t i o n 
appears t o a c t as an impermeable b a r r i e r c h a n n e l i n g f l u i d movement 
thr o u g h k a r s t i c c a v i t i e s a t t h e base of the Badshot F o r m a t i o n . 
The upper Index F o r m a t i o n p r o v i d e s a damning e f f e c t a g a i n s t which 
u p w e l l i n g o re f l u i d s a r e g u i d e d . E a r l y l a m p r o p h y r i c dykes, 
d i s p l a c e d a l o n g bedding p a r a l l e l f r a c t u r e s , a c t as l o c a l damns 
c a u s i n g e nrichment on the down-dip s i d e and b a r r e n areas on the 
up-dip s i d e of the dykes. P e g m a t i t e s i l l s form a l o n g s t r u c t u r a l 
weakness i n ore shoots o r bedding p l a n e s ( F i g . 11D). G u i d i n g o f ore 
s o l u t i o n s l a t e r a l l y by t h i n m u d - f i l l e d f r a c t u r e s and p o s s i b l e 
k a r s t i n g o f s e l e c t e d beds may e x p l a i n t a b u l a r , bedding p a r a l l e l 
shapes. 

WEST 

HANGINGWALL 
ROCKS 

LIMESTONE 

BROWN DYKE 

ZS^m FOOTWALL 
ROCKS 

f̂ŷhJ PEGMATITE 

F i g u r e 10. Diagrammatic c r o s s - s e c t i o n showing A) a t y p i c a l 
s t r u c t u r a l s e c t i o n i n the Kootenay C h i e f Zone, B) 
d i s p l a c e m e n t of a brown dyke and the o c c u r r e n c e of 
o r e , C) and D) t y p i c a l l o c a t i o n s of ore b o d i e s 
(from Shannon, 1970) 
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ORE 

F i g u r e 11. Diagrammatic p l a n (A) and l o n g i t u d i n a l s e c t i o n s (B,C,D, 
and E) showing c o n t r o l s of m i n e r a l i z a t i o n . N o r t h arrow 
of C a p p l i e s a l s o t o A,B,D, and E. 

MINERALOGY AND PARAGENESIS 
Over 90% of t h e h y d r o t h e r m a l m i n e r a l s i n the B l u e b e l l mine 

o c c u r as a replacement of l i m e s t o n e (Ohmoto, 1969). These 
replacement m i n e r a l s a r e g e n e r a l l y c o a r s e l y c r y s t a l l i n e and 
massive c o n s i s t i n g of s u l p h i d e m i n e r a l s ( p y r r h o t i t e , s p h a l e r i t e , 
g a l e n a , and minor a r s e n o p y r i t e , c h a l c o p y r i t e and p y r i t e ) , 
k n e b e l i t e (Fe-Mn o l i .-\e), q u a r t z and c a r b o n a t e s . Less than 10% 
of the m i n e r a l i z a t i o n i s h o s t e d i n vugs. The hydr o t h e r m a l 
m i n e r a l i z a t i o n may be s u b d i v i d e d i n t o t h r e e e p i s o d e s : 1) 
f o r m a t i o n of k n e b e l i t e , 2) d e p o s i t i o n of massive s u l p h i d e s , 
massive q u a r t z and c a l c i t e , and 3) development of c r y s t a l s i n vugs 
(Ohmoto, 1969). The most common s p h a l e r i t e i n the B l u e b e l l o r e s 
i s m a r m a t i t i c ( h i g h i r o n ) s p h a l e r i t e c o e x i s t i n g w i t h p y r r h o t i t e . 
L o w - i r o n s p h a l e r i t e i s found i n k n e b e l i t e - r i c h areas o c c a s i o n a l l y 
a s s o c i a t e d w i t h minor p y r i t e . The m i n e r a l o g y of the Kootenay 
C h i e f o re zone i s d e s c r i b e d i n d e t a i l by W e s t e r v e l t (1960) who 
i d e n t i f i e s two typ e s o f m i n e r a l i z a t i o n r e f e r e d t o as the k n e b e l i t e 
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and s i l i c e o u s zones. Sphalerite occurring either in 
coarse-grained masses or in veins i s the most abundant sulphide 
in the knebelite zone. Galena, arsenopyrite, chalcopyrite and 
pyrrhotite are less common i n this zone. The si l i c e o u s zone i s 
characterized by abundant quartz and pyrrhotite, especially as well 
formed c r y s t a l s i n vugs. 

Oxidation of the Bluebell ore occurred to depths greater than 
300m (Shannon, 1970). The sequence of oxidation i s : 1) a l t e r a t i o n 
of pyrrhotite to lacy or spongy pyr i t e , 2) a l t e r a t i o n of pyr i t e to 
hematite or limonite, and 3) oxidation of arsenopyrite, sphalerite 
and knebelite. 

During early operation of Bluebell mine, CC^ gas and CO^-rich 
thermal water flowed from fis s u r e s encountered at depth. Tne water 
exceeded the pumping capacity of the mine, and produced various 
forms of carbonate deposits. A f l u i d inclusion study conducted by 
Ohmoto (1969) found that late f l u i d inclusions were also ( X ^ - r i c h . 

ORIGIN 
Structural and stratigraphic evidence at the Bluebell mine 

indicates that the deposits formed mainly as fracture controlled 
replacement bodies. Oreshoots are crosscutting and aligned with 
steep tensional cross-fractures. Sulphides are present both i n 
the Badshot Formation and in the s t r u c t u r a l l y overlying the Mohican 
Formation. Sulphides associated with quartz crystals i n vugs 
suggests some deposition was late post-regional metamorphism and 
deformation. 

Ohmoto and Rye (1970) studied the f l u i d inclusions and 
stable isotope geochemistry of the lead-zinc deposits. They 
consider the massive sphalerite-galena ores to be largely 
replacements of limestones at temperatures above 450°C. However, 
most of the published data concerns the late stage ore deposited i n 
vugs at temperatures from 450°C down to 320°C. S a l i n i t y of the late 
f l u i d s changed gradually from about 10wt.% eq. NaCl down to 3wt.% 
eq. NaCl. E s s e n t i a l l y , the temperatures and s a l i n i t i e s of f l u i d s 
associated with e a r l i e r deposition of massive sulphide ores i s 
unknown. If deposition of massive ores i s related to karsting, 
temperatures should be low (50°C to 150°C) and s a l i n i t i e s should be 
high, r e f l e c t i n g t y p i c a l f l u i d inclusion data from carbonate-hosted 
deposits. The maximum pressure correction for the late stage f l u i d s 
i s less than 80°C. The PTTOQ-*-11 t* l e hydrothermal f l u i d s was estimated 
to be in the range 300 to 800 atmospheres, and the depth of th£ ore 
deposition approximately 6km. The do of the f l u i d s during the vug 
stage changed gradually from +5 to -13 per mil as temperatures 
decreased (Fig. 12). During these progressive changes dD remained 
almost constant at -125 +/- 5 per mil. The dC composition of the 
f l u i d s was also nearly uniform at -5.5 per mil suggesting a 
" j u v e n i l l e 1 o r i g i n of the carbon from graphite or limestone. 

The nearly constant dD of the late-stage ore solutions i s 
interpreted as indic a t i n g a dominantly meteoric o r i g i n for the 
water, with dO variations r e f l e c t i n g mixing of two meteoric 
waters, one of which had previously exchanged dO by reaction with 
high dO rocks at high temperatures. 
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S !,0. %* 

F i g u r e 12. I s o t o p i c c o m p o s i t i o n s o f waters o f base m e t a l d e p o s i t s 
(from White, 1974) 

Lead i s o t o p e d a t a from the Kootenay A r c has been i n t e r p r e t e d 
by s e v e r a l a u t h o r s (Andrew et. a l . , 1 984; L e C o u t e u r , 1 973 ; R e y n o l d s 
and S i n c l a i r , 1971; S i n c l a i r , 1964). R e y n o l d s and S i n c l a i r (1971) 
r e c o g n i s e d two c o p u l a t i o n s w i t h i n the Kootenay a r c : d e p o s i t s t o 
the f a r n o r t h -..d s o u t h of the N e l s o n b a t h o l i t h and d e p o s i t s 
w i t h i n and near t h e N e l s o n b a t h o l i t h . These p o p u l a t i o n s c o i n c i d e 
w i t h t h e same g e o l o g i c a l l y d i s t i n c t 1 c o n c o r d a n t 1 and 1 t r a n s g r e s s i v e 1 

d e p o s i t s d e f i n e d by F y l e s (1966). -Andrew e t a l . (1984) i n t e r p r e t e d 
l e a d i s o t o p e d a t a from the Kootenay A rc i n terms of m i x i n g l i n e 
i s o c h r o n s . The B l u e b e l l l i m e s t o n e u n i t , c o r r e l a t e d w i t h the Lower 
Cambrian Badshot l i m e s t o n e , was used as a b e s t e s t i m a t e p o i n t of 
known age on which t o c o n s t r u c t a growth c u r v e , the B l u e b e l l c u r v e , 
s i m i l a r i n concept t o the s h a l e c u r v e c o n s t r u c t e d by Godwin and 
S i n c l a i r (1982) ( F i g . 1 3 ) . The s h a l e c u r v e , d e v e l o p e d p r i m a r i l y 
t o d e s c r i b e l e a d e v o l u t i o n i n the Selwyn s h a l e b a s i n , t y p i f i e s l e a d 
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(from Andrew e t a l . , 1984). 

d e r i v e d from upper c r u s t a l u r a n i u m - r i c h s o u r c e s . The B l u e b e l l c u r v e 
t y p i f i e s e x t r e m e l y u n r a d i o g e n i c l e a d d e r i v e d from lower c r u s t a l or 
upper m a n t l e , uranium-poor s o u r c e s . M i x i n g l i n e i s o c h r o n s drawn 
between t h e growth c u r v e s a t ages c o r r e s p o n d i n g t o the b e s t 
e s t i m a t e s f o r m i n e r a l i z a t i o n ages i n v a r i o u s camps w i t h i n t h e 
Kootenay A r c c l o s e l y f i t the l e a d i s o t o p e d a t a (Andrew e t a l . , 1 9 8 4 ) . 

EXPLORATION PARAMETERS 
B l u e b e l l - t y p e m i n e r a l i z a t i o n i s t y p i f i e d by m a i n l y massive 

r e p l a c e m e n t of l i m e s t o n e i n Lower Cambrian time w i t h some 
l a t e - s t a g e J u r a s s i c ( ? ) f r a c t u r e c o n t r o l l e d m i n e r a l i z a t i o n i n vugs 
and c a v i t i e s . O rebodies t a k e t h e shape o f k a r s t i c c a v i t i e s and 
r e l a t e d c r o s s - f r a c t u r e s . F o o t w a l l and h a n g i n g w a l l r o c k s a c t as 
impermeable b o u n d a r i e s c h a n n e l l i n g f l u i d f l o w w i t h i n t h e Badshot 
l i m e s t o n e . The a r e a i s c h a r a c t e r i s e d by p o s t - m i n e r a l i z a t i o n 
p o l y p h a s e d e f o r m a t i o n as w e l l as p o s t - m i n e r a l i z a t i o n h i g h - g r a d e 
t h e r m a l metamorphism superimposed on r e g i o n a l - m e tamcjgghism. Lead 
from the B l u e b e l l mine i s anomalously low i n Pb/ Pb and seems 
t o r e f l e c t a u r a n i u m - d e p l e t e d l e a d source from the lower c r u s t or 
upper m a n t l e . The l o c a t i o n of t h i s fundamental s t r u c t u r e i s 
unknown but i t i s suggested t h a t Kootenay Lake i t s e l f may 
approximate the p o s i t i o n of a deep - s e a t e d growth f a u l t . 

E x p l o r a t i o n of the Reeves-Badshot u n i t a l o n g s t r i k e may 
uncover f u r t h e r m i n e r a l i z a t i o n s i m i l a r t o t h a t of the R i o n d e l 
a r e a . D e t a i l e d g e o l o g i c mapping i n the A i n s w o r t h Camp, w t ^ . of 
B l u e b e l l , may r e v e a l s i m i l a r r e p l a c e m e n t - t y p e m i n e r a l i z a t i o n t o t h a t 
a t B l u e b e l l . F u r t h e r l e a d i s o t o p e work i n t h e A i n s w o r t h Camp i s 
a l s o recommended t o t e s t s i m i l a r i t i e s between B l u e b e l l and 
A i n s w o r t h l e a d . A r e g i o n a l l o o k i n t o the l o c a t i o n of the upper 
l i m b of the R i o n d e l nappe may d i s c l o s e more B l u e b e l l - t y p e 
m i n e r a l i z a t i o n . F i n a l l y , a s e a r c h f o r the e l u s i v e fundamental 
s t r u c t u r e f o r u n r a d i o g e n i c l e a d , perhaps by g a l e n a l e a d a n a l y s e s 
from s m a l l showings, may prove t o be i m p o r t a n t i n d e f i n i n g 
fundamental s t r u c t u r e s or zones r e l a t e d t o B l u e b e l l - t y p e 
m i n e r a l i z a t i o n . 
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