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EARL D. DODSON: 

On J u l y 8 , 9 a n d 10 I v i s i t e d t h e C i r q u e p r o p e r t y owned by Dome P e t r o l e u m L i m i t e d . 
The p r o p e r t y i s up f o r s a l e . The C i r q u e p r o p e r t y c o n t a i n s two P b / Z n / A g o r e b o d i e s : 
C i r q u e w i t h 4 0 M t o n n e s g r a d i n g 2 . 2 % P b , 8 . 0 % Zn a n d 47 g / t o n n e A g . The S o u t h 
C i r q u e h a s a n i n d i c a t e d r e s e r v e o f 10 M t o n n e s o f s i m i l a r g r a d e w i t h a n a d d i t i o n a l 
up d i p p o t e n t i a l o f 10 M t o n n e s . A c o m p l e t e e x p l o r a t i o n camp a n d a i r s t r i p a r e 
i n p l a c e a t F i n b o w a n d a r e c o n n e c t e d t o t h e p r o p e r t y by a 4 0 km l o n g g r a v e l r o a d . 

F u r t h e r d i s t r i c t p o t e n t i a l l i e s t o t h e SE o f t h e C i r q u e t r e n d , i . e . t h e F l u k e , 
E l f a n d G i n p r o p e r t i e s . 

F l u k e : On t h i s p r o p e r t y a b a r i u m h o r i z o n w i t h a n a s s o c i a t e d Pb a n o m a l y p r o m p t e d 
t h e d r i l l i n g o f 5 h o l e s . M i n e r a l i z a t i o n c o n s i s t s o f p y r i t e , m o s t l y 
f r a m b o i d a l , i n a b r e c c i a t e d s i l t s t o n e o v e r a 20 m i n t e r v a l . Pb v a l u e s 
w e r e i n t h e ppm r a n g e o n l y , Zn g r a d e s a r e up t o 9 . 9 % o v e r . 6 m a n d A g 
v a l u e s a r e l e s s t h a n 1 o z / t . 

E l f : B a r i t e / s u l p h i d e m i n e r a l i z a t i o n i s h i g h g r a d e , n a r r o w ( s e v e r a l m e t e r s t h i c k ) 
a n d o c c u r s o n a s t e e p l y d i p p i n g o v e r t u r n e d S l i m b o f a n a n t i c l i n a l s t r u c t u r e . 
B e s t i n t e r s e c t i o n t o d a t e i s 1 3 . 8 % Pb a n d Zn w i t h 27 g / A g o c c u r r i n g 3 0 0 
m down d i p f r o m t h e s u r f a c e s h o w i n g . M i n e r a l i z a t i o n h a s b e e n t r a c e d f o r 
8 0 0 _ m a l o n g s t r i k e a n d 6 0 0 m down d i p . An a s s o c i a t e d , 8 km l o n g P b / Z n 
g e o c h e m a n o m a l y h a s b e e n t e s t e d f o r 1 km a b o u t t h e E l f s h o w i n g a n d by 
t h r e e d r i l l h o l e s a t i t s n o r t h e r n e n d w h e r e m i n e r a l i z a t i o n was m i n i m a l 
( m o s t l y p y r i t e ) . 

G i n : T h e s e c l a i m s w e r e s t a k e d t o c o v e r a b a r i t e h o r i z o n w i t h m i n o r t r a c e s 
o f p y r i t e . Two weak l e a d / b a r i u m a n o m a l i e s w e r e o u t l i n e d o n e i t h e r s i d e 
o f t h i s b a r i t e z o n e . No d e t a i l e d w o r k o r d r i l l i n g h a s b e e n d o n e t o d a t e . 

I s p e n t two d a y s i n t h e d i s t r i c t . The f i r s t d a y I l o o k e d a t t h e s t r a t i g r a p h y , 
r o c k t y p e s , d r i l l l o c a t i o n s , e t c . o n t h e p r o p e r t i e s w i t h L e e P i g a g e o f C y p r u s 
A n v i l . The s e c o n d d a y I e x a m i n e d p e r t i n e n t d r i l l c o r e f r o m e a c h p r o p e r t y . 

My i m p r e s s i o n s a r e : 

C i r q u e a n d S o u t h C i r q u e : T o t a l o u t l i n e d r e s e r v e s a r e 50 M t o n n e s o f a p p . 10% Pb 
a n d Zn a n d 47 g / t o f A g . A d d i t i o n a l d r i l l i n g o n S o u t h C i r q u e i s n e e d e d 

( a p p . 8 h o l e s ) t o t e s t t h e up d i p p o t e n t i a l a n d b e f o r e t h e j o i n t d e v e l o p m e n t 
o f t h e s e o r e b o d i e s c a n t a k e p l a c e . 

A l l f a c i l i t i e s a t F i n b o w , i n c l u d i n g r o a d s , a r e i n e x c e l l e n t s h a p e a n d 
d e v e l o p m e n t c o u l d p r o c e e d i m m e d i a t e l y upon c o m p l e t i o n o f , o r c o n c u r r e n t 
w i t h t h e d r i l l i n g . O b v i o u s l y , a p a r t f r o m t h e e c o n o m i c s f o r Pb a n d Z n , 
w i t h Dome l o o k i n g f o r $1 B" d e b t f i n a n c i n g by S e p t e m b e r , t h i s i s t h e t i m e 
t o a c q u i r e t h e s e d e p o s i t s . 

Memorandum 
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F l u k e : H e r e an e x h a l i t i v e h o r i z o n e x i s t s w h i c h c o n t a i n s m o s t l y p y r i t e w h e r e 
d r i l l e d . A d d i t i o n a l d r i l l i n g w i l l be d i f f i c u l t f o r t o p o g r a p h i c r e a s o n s . 
The p o t e n t i a l o f t h i s p r o s p e c t was t e s t e d i n one d i r e c t i o n a n d r e m a i n s 
o p e n down d i p a n d i n t h e o t h e r s t r i k e d i r e c t i o n . 

A t S o u t h C i r q u e t h e f r i n g i n g f a c i e s o f t h e b a s e m e t a l o r e b o d y i s d e v e l o p e d 
s i m i l a r l y w i t h t h e o r e d e p o s i t b e i n g l o c a t e d l e s s t h a n 1000 m down d i p . 

On t h e o t h e r h a n d o n t h e G a t a g a J . V . c l a i m s e x t e n s i v e p y r i t e / b a r i t e h o r i z o n s 
e x i s t t h a t l a c k s i g n i f i c a n t b a s e m e t a l m i n e r a l i z a t i o n . 

E l f : A t E l f d r i l l i n g t o d a t e h a s o u t l i n e d 2 M t o n n e s o f P b / Z n (2% P b , 6% Zn 
a n d 30 g / t A g ) . The p r o s p e c t l o o k s g o o d b u t t h e l o g i s t i c s d o n ' t . The 
a l m o s t v e r t i c a l a t t i t u d e o f t h e o r e h o r i z o n p r e s e n t s a p r o b l e m . The o r e 
h o r i z o n a n d a s s o c i a t e d s e d i m e n t s a r e o v e r l a i n by a s t e e p l y d i p p i n g t h r u s t 
w h i c h d r i l l i n g h a s f a i l e d t o p e n e t r a t e . S u b s e q u e n t e v a l u a t i o n was done 
t h r o u g h a n g l e d h o l e s f r o m b e l o w t h e s u r f a c e s h o w i n g . T h e o r e z o n e r e m a i n s 
t o be e v a l u a t e d b e t w e e n s u r f a c e a n d 300 m ( ± ) d e p t h b y s u b h o r i z o n t a l h o l e s 
t o be l o c a t e d on a s t e e p s l o p e , b u t t h e p o t e n t i a l h a s b e e n w e l l t e s t e d 
i n t h e i m m e d i a t e v i c i n i t y o f t h e s h o w i n g . 

H i g h r i s k p o t e n t i a l e x i s t s a n d t h e r i s k s i n c l u d e : 

1 . T h e m i n e r a l i z a t i o n i s f i n e r g r a i n e d t h a n a t C i r q u e a n d may p r o v e more 
d i f f i c u l t t o t r e a t . 

2 . E v a l u a t i o n b y d r i l l i n g w i l l b e t o u g h a n d e x p e n s i v e . 

3 . A l o n g s t r i k e t o t h e s o u t h , e v e n t h o u g h a g e o c h e m a n o m a l y e x i s t s , t h e 
s u r f a c e s h o w i n g seems t o d i s a p p e a r u n d e r t h e o v e r l y i n g ? t h r u s t w h i c h 
m a k e s a l o n g s t r i k e p r o j e c t i o n r a t h e r s p e c u l a t i v e . 

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

G i n : The p r o p e r t y h a s n o t b e e n e v a l u a t e d w e l l e n o u g h f o r a c o m p l e t e a s s e s s m e n t . 
H o w e v e r , we h a v e had many s i m i l a r o c c u r r e n c e s o f b a r i u m w i t h g e o c h e m i c a l l y 
a n o m a l o u s Pb a n d Zn o n o u r G a t a g a p r o p e r t y ( i . e . B e a r ) t h a t t u r n e d o u t 
u n e c o n o m i c . O b v i o u s l y , t h e p r o p e r t y i s a v e r y h i g h r i s k p r o p o s i t i o n . 

T h e s e a r e o n l y my p r e l i m i n a r y i m p r e s s i o n s . A l l p r o p o s i t i o n s a r e e x p e n s i v e a s t h e y 
r e q u i r e d r i l l i n g . I w i l l o b t a i n some more maps a n d c r o s s s e c t i o n s f r o m Dome a n d 
g i v e y o u a m o r e e x t e n s i v e p r e s e n t a t i o n o n c e i t i s a l l c o m p i l e d . A s f a r a s t h e 
E l f p r o p e r t y , i t w i l l t a k e a b o u t two m o n t h s t o p u t a l l t h e e x p l o r a t i o n d a t a t o g e t h e r 
a s t h i s w a s n ' t d o n e by t h e C y p r u s s t a f f . 

I f we a r e a t a l l i n t e r e s t e d , we s h o u l d t r y t o o p t i o n o r b u y t h e c o m p l e t e p a c k a g e 
i n c l u d i n g t h e o r e d e p o s i t s . By j u s t o p t i o n i n g t h e e x p l o r a t i o n p r o p e r t i e s a n d i n 
t h e e v e n t o f a d i s c o v e r y , we a r e p u t t i n g u s a t t h e m e r c y o f w h o e v e r w i l l d e v e l o p 
t h e C i r q u e d e p o s i t s . A l o g i c a l a p p r o a c h w o u l d be t o o b t a i n a n d d e v e l o p t h e C i r q u e 
p r o p e r t i e s w h i l e c a r r y i n g o n s i m u l t a n e o u s e x p l o r a t i o n o n t h e o t h e r p r o p e r t i e s . 

L . DEKKER 

L D : a m 





CHAPTER 4 

THE CIRQUE B A R I T E - Z I N C - L E A D D E P O S I T S , NORTHEASTERN B R I T I S H COLUMBIA 

C . W . J e f f e r s o n , D . B . K i l b y , L . C . P i g a g e a n d W . J . R o b e r t s 

C y p r u s A n v i l M i n i n g C o r p o r a t i o n 
3 0 0 - 3 5 5 B u r r a r d S t r e e t 
V a n c o u v e r , B r i t i s h C o l u m b i a , C a n a d a V6C 2 6 8 

INTRODUCTION 

S e v e r a l s t r a t i f o r m b a r i t e a n d b a r i t e - z i n c - l e a d d e p o s i t s h a v e 
r e c e n t l y b e e n d i s c o v e r e d i n D e v o n i a n c a r b o n a c e o u s s h a l e s i n t h e A k i e 
D i s t r i c t o f n o r t h e a s t e r n B r i t i s h C o l u m b i a ( M a c l n t y r e , 1 9 8 0 , 1 9 8 1 , 1 9 8 2 ; 
C a r n e a n d C a t h r o , 1 9 8 2 ) . A t p r e s e n t t h e m o s t s i g n i f i c a n t o f t h e s e i s 
t h e C i r q u e d e p o s i t ( F i g s . 4 . 1 , 4 . 3 ) . T h e C i r q u e c l a i m s w e r e s t a k e d i n 
1977 d u r i n g a r e g i o n a l j o i n t v e n t u r e e x p l o r a t i o n p r o g r a m c o n d u c t e d b y 
C y p r u s A n v i l M i n i n g C o r p o r a t i o n a n d H u d s o n ' s B a y O i l a n d G a s Company 
L t d . D e t a i l e d g e o l o g y a n d d i a m o n d d r i l l i n g h a v e o u t l i n e d t w o s i g n i f i 
c a n t B a - F e - P b - Z n - A g m i n e r a l d e p o s i t s o n t h e c l a i m g r o u p . 

T h e C i r q u e d e p o s i t ( F i g s . 4 . 3 , 4 . 4 ) i s a l e n s o i d , s t r a t i f o r m , b a r i t e -
s u l p h i d e b o d y 1 0 0 0 m e t r e s l o n g , 3 0 0 m e t r e s w i d e a n d 2 t o 70 m e t r e s t h i c k . 
I t s n o r t h e a s t e r n m a r g i n i s e x p o s e d a t s u r f a c e . C u r r e n t d r i l l i n d i c a t e d 
r e s e r v e s a r e 4 0 m i l l i o n t o n n e s w i t h a n o v e r a l l g r a d e o f 7 . 8 % Z n , 2 . 2 % 
P b a n d 47 g r a m s / t o n n e A g . T h e s o u t h e r n f r i n g e o f t h e d e p o s i t i s n o t 
y e t d r i 1 1 d e f i n e d . 

T h e S o u t h C i r q u e d e p o s i t ( F i g s . 4 . 3 , 4 . 5 ) i s a s t r a t i f o r m , b a r i t e -
s u l p h i d e b o d y a p p r o x i m a t e l y 1 k i l o m e t r e s o u t h e a s t o f t h e m a i n C i r q u e 
d e p o s i t . I t i s n o t e x p o s e d a t s u r f a c e . S e v e r a l d i a m o n d d r i l l i n t e r 
s e c t i o n s o v e r a l e n g t h o f 7 0 0 m e t r e s a n d a w i d t h o f 2 5 0 m e t r e s , w i t h 
t h i c k n e s s e s r a n g i n g f r o m 2 t o 3 0 m e t r e s , i n d i c a t e a s i g n i f i c a n t r e s o u r c e . 
T h i s d e p o s i t r e m a i n s o p e n t o t h e n o r t h , s o u t h a n d e a s t . 

T h i s p a p e r d e s c r i b e s t h e g e o l o g i c s e t t i n g a n d m i n e r a l f a c i e s o f 
b o t h d e p o s i t s w i t h e m p h a s i s o n t h e C i r q u e d e p o s i t . T h e d i s c u s s i o n 
i n c l u d e s c o n s t r a i n t s a n d p a r a m e t e r s b e a r i n g o n a n y g e n e t i c m o d e l . 

R e g i o n a l g e o l o g y i n t h e v i c i n i t y o f t h e s e d e p o s i t s h a s b e e n o u t 
l i n e d b y C e c i l e a n d N o r f o r d ( 1 9 7 9 ) , F r i t z ( 1 9 7 9 ) , G a b r i e l s e ( 1 9 7 5 , 1 9 8 1 ) , 
G a b r i e l s e e t a l . ( 1 9 7 7 ) , a n d T a y l o r e t a j . ( 1 9 7 9 ) . A l t h o u g h M a c l n t y r e 
( 1 9 8 0 , 1 9 8 1 , 1 9 8 2 , t h i s v o l u m e ) h a s p r e s e n t e d a d e s c r i p t i v e o v e r v i e w 
o f t h e P a l e o z o i c s t r a t a , r e g i o n a l s t r a t i g r a p h i c a n d p a l e o n t o l o g i c a l 
c o n t r o l f o r t h e D e v o n i a n - M i s s i s s i p p i a n s h a l e s i n t h e A k i e D i s t r i c t i s 
l i m i t e d . 
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F i g . 4 . 1 , C i r q u e l o c a t i o n m a p . 

REGIONAL GEOLOGY 

S t r a t a i n t h e A k i e O i s t r i c t r a n g e i n a g e f r o m C a m b r i a n t h r o u g h 
T r i a s s i c . O r d o v i c i a n - S i l u r i a n r o c k s d e l i n e a t e a f a c i e s t r a n s i t i o n f r o m 
s h a l e b a s i n s e d i m e n t a t i o n ( s o u t h w e s t ) t o c a r b o n a t e p l a t f o r m s e d i m e n t a 
t i o n ( n o r t h e a s t ) a t l e a s t 25 km n o r t h e a s t o f t h e C i r q u e c l a i m s ( C e c i l e 
a n d N o r f o r d , 1 9 7 9 ) . S t r a t a i n t h e d e p o s i t a r e a r e p r e s e n t a l a t e r a l l y 
u n i f o r m b a s i n a l e n v i r o n m e n t . 

I n c o n t r a s t , r a p i d f a c i e s c h a n g e s 1n D e v o n i a n - M i s s i s s i p p i an s t r a t a 
i n d i c a t e m o r e l o c a l i z e d , n o r t h w e s t - t r e n d i n g d e p o s i t i o n a l t r o u g h s . 
P r e v i o u s l y , t h e D e v o n i a n - M i s s i s s i p p i a n c l a s t i c r o c k s c o n t a i n i n g t h e 
d e p o s i t s h a v e b e e n i n f o r m a l l y c a l l e d " B l a c k C l a s t i c s " ( T a y l o r e t a l . , 
1 9 7 9 ) . R e c e n t l y G o r d e y e t a l . . ( 1 9 8 2 ) d e s c r i b e d f a c i e s r e l a t i o n s h i p s 
f o r t h e s e s t r a t a a l o n g t h e e a s t e r n m a r g i n o f S e l w y n B a s i n a n d s u g g e s t e d 
u s i n g t h e t e r m E a r n G r o u p a f t e r C a m p b e l l ( 1 9 6 7 ) , a c o n v e n t i o n a d o p t e d 
h e r e . A l t h o u g h E a r n G r o u p r o c k t y p e s i n S e l w y n B a s i n a r e s i m i l a r t o 
t h o s e o f t h e A k i e D i s t r i c t , f a c i e s r e l a t i o n s a r e l o c a l l y d i f f e r e n t . 

S t r u c t u r a l l y t h e C i r q u e a r e a i s w i t h i n t h e R o c k y M o u n t a i n F o l d a n d 
T h r u s t b e l t . T h e d o m i n a n t s t r u c t u r a l s t y l e c o n s i s t s o f t i g h t , asymme
t r i c , n o r t h e a s t - v e r g i n g f o l d s b o u n d e d b y n o r t h e a s t - d i r e c t e d r e v e r s e 
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f a u l t s . D e v o n i a n - M i s s i s s i p p i a n E a r n G r o u p s t r a t a a r e p r e s e r v e d i n 
n o r t h w e s t - t r e n d i n g s y n c l i n a l f o l d k e e l s a n d t h r u s t p a n e l s ( F i g . 4 . 3 ) . 
D e f o r m a t i o n i s c o n s i d e r e d t o b e b r o a d l y L a r a m i d e i n a g e . 

GEOLOGY OF CIRQUE C L A I M S 

S t r a t i g r a p h y 

F i g . 4 . 2 s u m m a r i z e s t h e s t r a t i g r a p h y i n t h e v i c i n i t y o f t h e C i r q u e 
c l a i m s . T h e S i l u r i a n t o M i s s i s s i p p i a n s e c t i o n i s s u b d i v i d e d i n t o s e v e r a l 
m a p p a b l e u n i t s t o w h i c h i n f o r m a l f o r m a t i o n a l names h a v e b e e n a p p l i e d . 

T h e o l d e s t r o c k s a r e a t h i c k s e q u e n c e o f e a r l y O r d o v i c i a n t o l a t e 
S i l u r i a n g r a p t o l i t i c , c a l c a r e o u s , b l a c k s h a l e s c o n t a i n i n g r e g i o n a l l y 

CIRQUE A R E A STRATIGRAPHY 
AGE GROUP FORMATION LITHOLOGY 

MISS. WARNEFORD 
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F i g . 4 . 2 . S t r a t i g r a p h y , C i r q u e a r e a ; m i n e r a l d e p o s i t i n b l a c k . P o s i t i o n 
o f d a t e d ammonoid s a m p l e s shown b y s y m b o l " f " . 
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mappable t u r b i d i t i c uni ts of l imestone, chert , quartz i te and s i l t s t one 
(Ceci le and Norford, 1979). Corre la t ion with the Selwyn Basin indicates 
that the shales and interca lated sediments are typ i ca l of the Road River 
Formation (Jackson and Lenz, 1962; Gabr ie lse, 1975, p.11). Fol lowing 
Gordey et a l . (1982) the Road River Formation i s here informal ly given 
group s ta tus . Because of the d i f f i c u l t i e s in d i s t ingu ish ing between 

F M 
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F i g . 4.3. S imp l i f i ed geology map, Cirque area. Deposits are shown pro
jected v e r t i c a l l y to surface. Section l i nes for F igs . 4.4 and 4.5 
are shown. 



t h e g r a p t o l i t i c b l a c k s h a l e s o f t h e u p p e r Road R i v e r g r o u p a n d t h e 
s p a r s e l y f o s s i l i f e r o u s b l a c k s h a T e s o f t h e l o w e r E a r n G r o u p , we h a v e 
a r b i t r a r i l y d e f i n e d t h e t o p o f t h e R o a d R i v e r g r o u p as t h e t o p o f a 
p r o m i n a n t , t a n - w e a t h e r i n g , b i o t u r b a t e d , t u r b i d i t i c , d o l o m i t i c s i l t s t o n e 
o f S i l u r i a n a g e (SD u n i t o f C e c i l e a n d N o r f o r d , 1 9 7 9 ) . T h i s c o r r e s p o n d s 
t o t h e d e f i n i t i o n o f t h e R o a d R i v e r F o r m a t i o n p r o p o s e d b y G o r d e y e t a l _ . 
( 1 9 8 1 ) f o r t h e S e l w y n B a s i n . I t a l s o r o u g h l y c o r r e s p o n d s t o a c h a n g e 
i n d e p o s i t i o n a l c o n d i t i o n s f r o m a u n i f o r m b r o a d - b a s i n s e d i m e n t a t i o n 
p a t t e r n t o l o c a l i z e d t r o u g h s c h a r a c t e r i s t i c o f E a r n G r o u p d e p o s i t i o n . 

T h e l o w e r c o n t a c t o f E a r n G r o u p s t r a t a w i t h t h e S i l u r i a n s i l t s t o n e 
h a s b e e n o b s e r v e d b o t h i n d r i l l c o r e a n d o u t c r o p . T h e c o n t a c t i s n o r 
m a l l y s h a r p a l t h o u g h l o c a l l y i t g r a d e s d o w n w a r d t o a b r e c c i a c o n t a i n i n g 
a n g u l a r t o s u b r o u n d e d S i l u r i a n s i l t s t o n e c l a s t s i n a s h a l e t o s i l t s t o n e 
m a t r i x . T h e p r e s e n c e o f d i f f e r e n t E a r n G r o u p f a c i e s i m m e d i a t e l y o v e r 
l y i n g t h e S i l u r i a n s i l t s t o n e s u g g e s t s t h a t t h e l o w e r c o n t a c t o f t h e E a r n 
G r o u p i s a d i a c h r o n o u s o n l a p u n c o n f o r m i t y ( s e e b e l o w ) . 

T h e E a r n G r o u p h a s b e e n d i v i d e d ( F i g . 4 . 2 ) i n t o c o a r s e c l a s t i c 
r o c k s ( W a r n e f o r d f o r m a t i o n ) a n d f i n e c l a s t i c r o c k s ( A k i e a n d G u n s t e e l 
f o r m a t i o n s ) . T h e G u n s t e e l a n d A k i e f o r m a t i o n s a r e d i s t i n g u i s h e d o n t h e 
b a s i s o f h a r d n e s s , c o l o u r , a n d w e a t h e r i n g c h a r a c t e r i s t i c s . G e n e r a l l y 
t h e W a r n e f o r d a n d A k i e f o r m a t i o n s o v e r l i e t h e G u n s t e e l f o r m a t i o n , 
a l t h o u g h i n d e t a i l t h e y a r e a l s o i n t e r b e d d e d w i t h i t . 

The G u n s t e e l f o r m a t i o n c o n t a i n s a l l c a r b o n a c e o u s , s i l i c e o u s , f i n e 
c l a s t i c r o c k s w i t h i n t h e E a r n G r o u p . I t i s t y p i c a l l y p l a n a r l a m i n a t e d 
a n d w e a t h e r s t o a d i s t i n c t i v e b l u e - g r e y o r l i g h t b l u e - g r e y c o l o u r , 
e s p e c i a l l y o n s c r e e s l o p e s . T h e G u n s t e e l i s a r e g i o n a l l y m a p p a b l e , 
l a t e r a l l y e x t e n s i v e u n i t t h a t f o r m s t h e l o w e r p o r t i o n o f t h e E a r n G r o u p , 
e x c e p t n e a r t h e C i r q u e d e p o s i t s ( s e e b e l o w ) . T h i c k n e s s r a n g e s f r o m z e r o 
t o m o r e t h a n 2 0 0 m e t r e s , a n d c h a n g e s i n t h i c k n e s s a r e l o c a l l y a b r u p t . 

T h e G u n s t e e l f o r m a t i o n h a s b e e n d i v i d e d i n t o t w o m a i n f a c i e s ( F i g . 
4 . 4 ) . T h e m o s t s i l i c e o u s f a c i e s i s r i b b o n - b e d d e d , b l a c k p o r c e l l a n i t e 
w i t h t h i n c a r b o n a c e o u s s h a l e p a r t i n g s s p a c e d a t 1 - 1 0 cm i n t e r v a l s . T h e 
p o r c e l l a n i t e b e d s a r e s i l i c i f i e d , c a r b o n a c e o u s , f i n e c l a s t i c r o c k s w i t h 
s i l t s t o n e l a m i n a e t h a t i n c l u d e v a r i a b l y p r e s e r v e d , l o c a l l y a b u n d a n t 
r a d i o l a r i a n s . T h e s e p o r c e l l a n i t e s a r e l i t h o l o g i c a l l y s i m i l a r t o d e e p -
s e a c h e r t s a n d p o r c e l l a n i t e s w h i c h h a v e b e e n d e s c r i b e d f r o m M e s o z o i c 
a n d C e n o z o i c s e q u e n c e s ( C r e r a r e t a l . , 1 9 8 2 ; P i s c i o t t o , 1 9 8 1 ; N i s b e t 
a n d P r i c e , 1 9 7 4 ; V o n R a d a n d R o s e n , 1 9 7 4 ) . P o r c e l l a n i t e members r a n g e 
f r o m l e s s t h a n 1 m t o m o r e t h a n 2 0 m i n t h i c k n e s s a n d l o c a l l y c o n t a i n 
o n e o r m o r e h o r i z o n s o f b l e b b y t o l a m i n a t e d b a r i t e w i t h p y r i t e . B a r i t e 
h o r i z o n s s i t u a t e d s t r a t i g r a p h i c a l l y b e l o w t h e C i r q u e d e p o s i t c o n t a i n 
t h e ammonoid P o n t i c e r a s w h i c h i s a n i n d e x f o s s i l f o r e a r l i e s t l a t e 
D e v o n i a n ( F r a s n i a n ) (W. N a s s i c h u k , p e r s o n a l c o m m u n i c a t i o n , 1 9 7 8 ) . T h e 
r i b b o n - b e d d e d p o r c e l l a n i t e s o c c u r m a i n l y a t t h e t o p a n d / o r b o t t o m o f 
t h e G u n s t e e l f o r m a t i o n ( F i g s . 4 . 4 , 4 . 5 ) . 

T h e o t h e r m a j o r G u n s t e e l f a c i e s i s a n o n c a l c a r e o u s , t h i c k - b e d d e d , 
b l a c k , s i l i c e o u s s h a l e , w h i c h h a s b e e n i n f o r m a l l y c a l l e d t h e " P r e g n a n t 
S h a l e " . L o c a l l y t h i s s h a l e c o n t a i n s n o d u l e s a n d / o r c o n c r e t i o n s o f 
p y r i t e , c a l c i t e , c h e r t , o r b a r i t e . M e d i u m g r e y , s l i g h t l y c a l c a r e o u s , 
g r a d e d , q u a r t z o s e s i l t s t o n e l a m i n a e a r e common a n d l o c a l l y a b u n d a n t . 
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F i g . 4.4. Schematic ve r t i c a l cross sect ion through Cirque depos i t . 
Line of sect ion (297+50 N) shown on F i g . 4.3; view azimuth 320°. 
Down-dip information i s projected from adjacent sect ions . 
Deta i l s of Akie and Gunsteel formations are discussed in the text 
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The s i l i c e o u s s h a l e i s t h e i m m e d i a t e h o s t f o r t h e s t r a t i f o r m b a r i t e -
s u l p h i d e s o n t h e C i r q u e c l a i m s . R e g i o n a l m a p p i n g h a s shown t h a t i t i s 
a l a t e r a l l y e x t e n s i v e u n i t o c c u r r i n g a t o r n e a r t h e b a s e o f E a r n G r o u p . 
T h i s u n i t i s r e g i o n a l l y u n m i n e r a l i z e d b u t l o c a l l y i s a n o m a l o u s i n l e a d 
and z i n c a d j a c e n t t o t h e C i r q u e d e p o s i t s a n d o t h e r s h o w i n g s i n t h e A k i e 
D i s t r i c t . T h i s g e o c h e m i c a l a n o m a l y i s c a u s e d b y t h i n b e d s o f l a m i n a t e d 
f r a m b o i d a l p y r i t e w i t h m i n o r s p h a l e r i t e a n d g a l e n a . T h e s e b e d s a r e 
l a t e r a l l y e q u i v a l e n t t o p a r t i f n o t a l l o f t h e b a r i t e - s u l p h i d e i n t e r v a l 
( s e e M i n e r a l F a c i e s ) . 

T h e G u n s t e e l i s a l o c a l l y s y m m e t r i c a l s e q u e n c e e n v e l o p i n g t h e C i r q u e 
b a r i t e - s u l p h i d e d e p o s i t s . I t p i n c h e s o u t r a p i d l y t o t h e n o r t h w e s t ( F i g . 
4 . 3 ) a n d s o u t h w e s t ( F i g . 4 . 4 ) . To t h e e a s t a n d n o r t h e a s t i t m a i n t a i n s 
a t h i c k n e s s o f 1 0 0 t o 3 0 0 m e t r e s . F a c i e s v a r i a t i o n s w i t h i n t h e G u n s t e e l 
a r e l o c a l l y a b r u p t . W i t h i n t h e p o r c e l l a n i t e m e m b e r s , t h e m o s t e x t e n s i v e 
b a r i t e h o r i z o n s a r e e a s t a n d n o r t h e a s t o f t h e C i r q u e d e p o s i t . 

A l l n o n s i l i c e o u s s h a l e s i n E a r n G r o u p h a v e b e e n i n c l u d e d w i t h i n t h e 
A k i e f o r m a t i o n . A k i e s h a l e s a r e p l a n a r l a m i n a t e d , g e n e r a l l y m e d i u m g r e y 
a n d s o f t t o e x t r e m e l y s o f t . T h e y b e c o m e d a r k g r e y , g r a p h i t i c a n d m o d e 
r a t e l y h a r d s o u t h w e s t o f t h e C i r q u e d e p o s i t . C o m m o n l y , t h e s h a l e s 
w e a t h e r t o p a l e g r e y a n d r u s t y - b r o w n l e n t i c u l a r f l a k e s . 

On t h e n o r t h w e s t , w e s t a n d s o u t h w e s t m a r g i n s o f t h e C i r q u e a n d S o u t h 
C i r q u e d e p o s i t s , t h e A k i e a n d G u n s t e e l f o r m a t i o n s a r e i n t e r c a l a t e d w i t h 
s i l t s t o n e w h i c h i s i n c l u d e d i n t h e A k i e f o r m a t i o n . T h e s i l t s t o n e a l s o 
o c c u r s a s t h i n i n t e r b e d s w i t h i n t h e d e p o s i t s . I t i s s o f t , v a r i a b l y 
c a l c a r e o u s , s p e c k l e d , p l a n a r t o i r r e g u l a r l y l a m i n a t e d a n d b u r r o w m o t t l e d . 
C l a s t i c g r a i n s a r e m a i n l y c a r b o n a t e w i t h m i n o r q u a r t z . The s i l t s t o n e 
i s v a r i a b l y b r e c c i a t e d a n d s i l i c i f i e d a d j a c e n t t o a n d w i t h i n t h e m i n e r a l 
d e p o s i t s . A t h i c k s i l t s t o n e a n d s h a l e s e d i m e n t a r y b r e c c i a l i e s i m m e 
d i a t e l y b e l o w t h e S o u t h C i r q u e d e p o s i t a n d i s s i l i c i f i e d o n l y a t t h e 
t o p c o n t a c t w i t h b a r i t e - s u l p h i d e s . A k i e s h a l e s a n d s i l t s t o n e s i m m e d i a 
t e l y o v e r l i e t h e S i l u r i a n s i l t s t o n e b e n e a t h a n d d o w n - d i p o f t h e C i r q u e 
d e p o s i t s . A l o n g s t r i k e a n d u p - d i p o f t h e d e p o s i t s t h e s e l o w e r members 
o f t h e A k i e f o r m a t i o n p i n c h o u t ; a n d t h e G u n s t e e l f o r m a t i o n d i r e c t l y 
o v e r l i e s t h e S i l u r i a n s i l t s t o n e . 

C o a r s e c l a s t i c r o c k s i n t h e E a r n G r o u p a r e i n c l u d e d w i t h i n t h e 
W a r n e f o r d f o r m a t i o n . T h e W a r n e f o r d i s v i r t u a l l y a b s e n t i n t h e i m m e d i a t e 
v i c i n i t y o f t h e C i r q u e d e p o s i t s b u t i s w e l l r e p r e s e n t e d i n t h e s t r u c t u 
r a l p a n e l i m m e d i a t e l y t o t h e e a s t ( F i g s . 4 . 3 a n d 4 . 5 ) . S e v e r a l d i s t i n c 
t i v e f a c i e s a r e r e c o g n i z e d i n t h e W a r n e f o r d f o r m a t i o n . T h e d o m i n a n t 
f a c i e s c o n s i s t s o f m o d e r a t e l y h a r d t o s o f t , g r e y t o b l a c k s h a l e , c h a r a c 
t e r i z e d b y i n t r a f o r m a t i o n a l b r e c c i a a n d l e n s e s t o d i s c o n t i n u o u s l a m i n a e 
o f p y r i t i c , q u a r t z o s e s i l t s t o n e . L a r g e c o m p o s i t e l e n s e s o f c o a r s e 
s a n d s t o n e a n d c h e r t p e b b l e c o n g l o m e r a t e a r e l o c a l l y p r e s e n t w i t h i n t h i s 
f a c i e s . T h i s u n i t c o m m o n l y w e a t h e r s t o a m e d i u m - l i g h t b l u e - g r e y c o l o u r . 
C h e r t c l a s t s a r e b l a c k , g r e y , w h i t e , a n d r a r e l y p i n k o r g r e e n . 

T h e u p p e r m o s t W a r n e f o r d f a c i e s i s a t h i c k - b e d d e d , s o f t , g r e y , s i l t y 
s h a l e w h i c h w e a t h e r s t o a d i s t i n c t i v e d a r k r u s t y b r o w n . T h i s s h a l e i s 
c h a r a c t e r i z e d b y t h e o c c u r r e n c e o f n u m e r o u s p l a n a r b e d s o f t a n w e a t h e r 
i n g , c r o s s - l a m i n a t e d , q u a r t z o s e , p y r i t i c s i l t s t o n e t o s a n d s t o n e . 
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F i g . 4.5. Schematic ver t i ca l cross section through South Cirque deposit. Line of sect ion 
(283+00N) shown on F i g . 3; view azimuth 320°. Deta i ls in the panel containing the 
deposit are described i n tex t . Note unmineralized, undif ferent iated s i l i ceous shale 
below eastern thrust. 
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S t r u c t u r e 

B o t h C i r q u e a n d S o u t h C i r q u e m i n e r a l d e p o s i t s o c c u r w i t h i n an 
u p r i g h t s o u t h w e s t - d i p p i n g l i m b o f E a r n G r o u p s t r a t a o v e r t h r u s t b y a 
s t r u c t u r a l l y c o m p l e x p a n e l o f h i g h l y i m b r i c a t e d R o a d R i v e r g r o u p s t r a t a 
( F i g s . 4 . 3 , 4 . 5 ) . P r i m a r y b e d d i n g (Sq) w i t h i n t h e s l i g h t l y i m b r i c a t e d 
E a r n G r o u p p a n e l d i p s m o d e r a t e l y t o t h e s o u t h w e s t . S m a l l s c a l e m i n o r 
f o l d s w i t h o v e r t u r n e d s o u t h w e s t - d i p p i n g l i m b s o c c u r o n l y l o c a l l y w i t h i n 
t h i s p a n e l . 

I n c o n t r a s t t o t h e c o h e r e n t s t y l e o f t h e E a r n G r o u p p a n e l , t h e 
o v e r l y i n g R o a d R i v e r p a n e l c o n t a i n s n u m e r o u s , i s o l a t e d s y n c l i n e s a n d 
a n t i c l i n e s b o u n d e d b y h i g h a n g l e r e v e r s e f a u l t s . T h e s e r e v e r s e f a u l t s 
f l a t t e n t o t h e s o u t h w e s t a n d a r e r o o t e d i n t h e t h r u s t f a u l t s e p a r a t i n g 
t h e t w o p a n e l s . T h e s e r e l a t i o n s a r e shown i n F i g . 4 . 5 . 

A l l s t r a t i g r a p h i c u n i t s c o n t a i n a p e r v a s i v e s o u t h w e s t - d i p p i n g 
c l e a v a g e ( S i ) w h i c h i s a x i a l p l a n a r t o m a c r o s c o p i c f o l d s . R e v e r s e 
f a u l t s a r e s u b p a r a l l e l t o t h i s c l e a v a g e . I n s h a l e s , S i f o r m s a s l a t y 
c l e a v a g e , a n d i n s i l t s t o n e s , l i m e s t o n e s , a n d p o r c e l l a n i t e s i t c o n s i s t e n 
t l y f o r m s a c l o s e l y s p a c e d f r a c t u r e c l e a v a g e . C l e a v a g e - b e d d i n g r e l a t i o n s 
h a v e b e e n u s e d t o h e l p o u t l i n e m a c r o s c o p i c f o l d s a n d s t r u c t u r a l d i s c o n 
t i n u i t i e s w i t h i n t h e s t r u c t u r a l p a n e l s . • 

Two s t y l e s o f l a t e n o r m a l f a u l t s h a v e b e e n i n t e r p r e t e d . L i s t r i c 
n o r m a l f a u l t s a r e s u b p a r a l l e l t o t h e r e v e r s e a n d t h r u s t f a u l t s . T h e s e 
f a u l t s a r e r e s t r i c t e d t o t h e o v e r l y i n g R o a d R i v e r s t r u c t u r a l p a n e l a n d 
a p p e a r t o b e r o o t e d i n t h e h i g h a n g l e r e v e r s e f a u l t s ( F i g . 4 . 5 ) . T h e y 
d o n o t e x t e n d i n t o t h e E a r n G r o u p s t r u c t u r a l p a n e l and t h e r e f o r e d o n o t 
d i s r u p t t h e m i n e r a l d e p o s i t s . N u m e r o u s a r r a y s o f s t e e p l y d i p p i n g t o 
v e r t i c a l , p l a n a r , n o r m a l f a u l t s c u t a c r o s s a l l s t r a t i g r a p h i c u n i t s . 
T h e y p r o v i d e c o n d u i t s f o r s p r i n g s w h i c h c a u s e many o f t h e g o s s a n s i n 
t h e A k i e D i s t r i c t . 

GEOLOGY OF THE CIRQUE DEPOSIT 

S t r a t i g r a p h y a n d M i n e r a l o g y 

C i r q u e i s a b e d d e d b a r i t e d e p o s i t w i t h a c o n t i n u u m o f f a c i e s f r o m 
n e a r l y 100% b a r i t e t o n e a r l y 100% s u l p h i d e s . T h e d e p o s i t c o n t a i n s 
s e v e r a l i n t e r b e d s o f s i l i c e o u s , c a r b o n a c e o u s s h a l e a n d s i l i c e o u s s i l t 
s t o n e t h a t c a n b e l o c a l l y c o r r e l a t e d among t h e d r i l l i n t e r s e c t i o n s . 
O v e r a l l t h e s e i n t e r b e d s c o n s t i t u t e l e s s t h a n 10% o f t h e d e p o s i t . T h e 
s i l t s t o n e s a r e m a i n l y r e s t r i c t e d t o t h e d e p o s i t , b u t o n t h e n o r t h w e s t 
a n d w e s t b o u n d a r y t h e y f o r m t h i c k u n i t s i n t h e a d j a c e n t s h a l e s a n d 
e x t e n d i n t o t h e d e p o s i t a s i n t e r b e d s . M o s t o f t h e s i l t s t o n e i n t e r b e d s 
a r e i n t r a f o r m a t i o n a l b r e c c i a s w i t h a s h a l e - s i l t s t o n e m a t r i x . 

C o n t a c t s b e t w e e n c l a s t i c r o c k s a n d t h e m i n e r a l d e p o s i t a r e d e p o s i -
t i o n a l a n d v i s u a l l y a b r u p t . G r a d a t i o n a l c o n t a c t s o c c u r w h e r e s i l t s t o n e 
i n t r a f o r m a t i o n a l b r e c c i a s w i t h i n t h e d e p o s i t c o n s i s t o f s i l t s t o n e c l a s t s 
i n a s u l p h i d e - r i c h m a t r i x . T h e s e b r e c c i a s g e n e r a l l y g r a d e i n t o b e d d e d 
s u l p h i d e s . S u l p h i d e c l a s t s a r e a b s e n t f r o m t h e s e b r e c c i a s . L o c a l l y t h e 
c o n t a c t b e t w e e n t h e m i n e r a l d e p o s i t a n d t h e e n c l o s i n g s i l i c e o u s s h a l e 
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T a b l e 4 . 1 . G r a d e s o f m i n e r a l f a c i e s , C i r q u e d e p o s i t , f r o m a s s a y o f 
t h r e e c o m p o s i t e s a m p l e s , f r o m 2 9 d r i l l i n t e r s e c t i o n s . S p e c i f i c 
g r a v i t i e s ( S . G . ) w e r e d e t e r m i n e d f o r s e l e c t e d t y p i c a l s a m p l e s . 

F A C I E S P b ( % ) Zn(%) B a ( % ) F e ( % ) A g ( g / t ) S . G . 

B a r i t i c 
P y r i t i c 
L a m i n a r B a n d e d 

P y r i t e 

1 . 3 6 . 2 4 0 . 7 6 . 2 
3 . 3 1 1 . 1 1 9 . 4 1 7 . 9 
0 . 6 4 . 0 2 . 0 

3 3 4 . 2 - 4 . 4 
73 4 . 4 - 4 . 7 
2 4 2 . 7 - 3 . 1 

i s a g o u g e o r s h e a r z o n e . S t o c k w o r k s , d i s t u r b e d b e d d i n g z o n e s , o r 
a l t e r a t i o n h a l o s a r e n o t v i s i b l e w i t h i n t h e s u r r o u n d i n g G u n s t e e l f o r m a 
t i o n , a l t h o u g h m i n o r b a r i t e a n d s u l p h i d e v e i n s h a v e b e e n i n t e r s e c t e d 
i n t h e f o o t w a l l i n t w o p l a c e s . 

M a j o r m i n e r a l s i n d e c r e a s i n g o r d e r o f a b u n d a n c e a r e b a r i t e , p y r i t e , 
s p h a l e r i t e a n d g a l e n a . M i c r o p r o b e a n d p o l i s h e d s e c t i o n s t u d i e s o f c o r e 
s a m p l e s a n d c o n c e n t r a t e s h a v e f a i l e d t o l o c a t e a s i l v e r m i n e r a l . P r e s u 
m a b l y t h e s i l v e r i s p r e s e n t t h r o u g h s u b s t i t u t i o n a l s o l i d s o l u t i o n w i t h i n 
p y r i t e , s p h a l e r i t e , a n d g a l e n a . C o p p e r m i n e r a l s h a v e n o t b e e n o b s e r v e d . 
V e r y l i t t l e c a r b o n a t e i s p r e s e n t w i t h i n t h e d e p o s i t . 

M i n e r a l F a c i e s 

T h r e e m a j o r f a c i e s a r e r e c o g n i z e d w i t h i n t h e d e p o s i t ( T a b l e 4 . 1 ) . 
T h e b a r i t i c a n d p y r i t i c f a c i e s c o n s t i t u t e m o s t o f t h e d e p o s i t ; l a m i n a r 
b a n d e d p y r i t e o c c u r s d o m i n a n t l y a s a f r i n g e f a c i e s w i t h i n t h e s i l i c e o u s 
s h a l e . 

T h e b a r i t i c f a c i e s c o n s i s t s o f p a l e g r e y t o w h i t e , d i f f u s e l y 
l a m i n a t e d , f i n e t o m e d i u m g r a i n e d b a r i t e w i t h l e s s t h a n 4 0 p e r c e n t 
s u l p h i d e s . S u l p h i d e s o c c u r a s d i s c o n t i n u o u s 1 - 5 mm t h i c k , w a v y , l e n 
t i c u l a r l a m i n a t i o n s o f p y r i t e , s p h a l e r i t e a n d m i n o r g a l e n a . S u l p h i d e 
l a m i n a e a r e c o n c e n t r a t i o n s o f f r a m b o i d a l p y r i t e i n a m a t r i x o f i n t e r 
l o c k i n g b a r i t e a n d s p h a l e r i t e g r a i n s . F r a m b b i d s r a n g e f r o m s i n g l e 
g r a i n s t o 2 5 m i c r o n c l u s t e r s . G a l e n a i s r e m o b i l i z e d a n d c o m m o n l y o c c u r s 
a t g r a i n b o u n d a r i e s a n d a s f r a c t u r e f i l l i n g s i n b a r i t e . T h e s p a t i a l 
a s s o c i a t i o n s o f s p h a l e r i t e w i t h p y r i t e , a n d g a l e n a w i t h b a r i t e a r e 
c o n s i s t e n t t h r o u g h o u t t h e b a r i t i c f a c i e s . A s m a l l p r o p o r t i o n o f t h e 
b a r i t i c f a c i e s i s i n t r a f o r m a t i o n a l b r e c c i a o f b a r i t e w i t h a s h a l e a n d 
s u l p h i d e m a t r i x . 

T h e p y r i t i c f a c i e s i s d i s t i n g u i s h e d f r o m t h e b a r i t i c f a c i e s b y i t s 
g r e a t e r s u l p h i d e c o n t e n t (>40%) a n d h i g h e r l e a d - z i n c - s i l v e r g r a d e s 
( T a b l e 4 . 1 ) . T h e p y r i t i c f a c i e s r a n g e s f r o m d i f f u s e l y i n t e r b e d d e d 
s u l p h i d e s a n d b a r i t e t o n e a r l y 100% s u l p h i d e s . M i n e r a l o g y c o n s i s t s o f 
p y r i t e , b a r i t e , s p h a l e r i t e a n d g a l e n a . P y r i t e o c c u r s a s f r a m b o i d a l 
c l u s t e r s w i t h s u b h e d r a l p y r i t e o v e r g r o w t h s . F r a c t u r e s i n t h e l a r g e 
p y r i t e g r a i n s a r e f i l l e d b y s p h a l e r i t e a n d g a l e n a ( K . M c C l a y , p e r s o n a l 
c o m m u n i c a t i o n , 1 9 8 2 ) . I r r e g u l a r c o l l o f o r m a g g r e g a t e s o f p y r i t e ( 2 0 - 5 0 
m i c r o n s i n d i a m e t e r ) w i t h g a l e n a a n d s p h a l e r i t e i n t e r l a y e r s a n d s u b -
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F ig . 4.6. Mineral fac ies 
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s p h e r i c a l a t o l l s t r u c t u r e s w i t h p y r i t e - r i m m e d c o r e s o f g a l e n a o r 
s p h a l e r i t e a r e a l s o s e e n . S p h a l e r i t e o c c u r s a s i n t e r l o c k i n g g r a i n s w i t h 
p y r i t e a n d a s f i n e - g r a i n e d l a m i n a t i o n s w i t h i n t h e p y r i t e b e d s . C r o s s -
c u t t i n g s h a r p - e d g e d v e i n s t o d i f f u s e p o d s o f c o a r s e l y c r y s t a l l i n e 
b a r i t e w i t h p a t c h e s o f c o a r s e l y c r y s t a l l i n e g a l e n a a r e r e s t r i c t e d t o 
t h e p y r i t i c f a c i e s . 

T h e l a m i n a r b a n d e d p y r i t e f a c i e s c o n s i s t s o f 0 . 1 t o 1 . 5 c e n t i m e t r e 
i n t e r l a m i n a e o f p y r i t e a n d b l a c k s i l i c e o u s s h a l e . I n d i v i d u a l p y r i t e 
l a m i n a e a r e d e n s e l y d i s s e m i n a t e d , 2 0 m i c r o n , s p h e r o i d a l , g r a n u l a r f r a m -
b o i d s o f p y r i t e i n a m a t r i x o f s i l i c e o u s s h a l e w i t h s p a r s e g r a n u l a r 
s p h a l e r i t e a n d g a l e n a . 

M i n e r a l F a c i e s D i s t r i b u t i o n 

F i g . 4 . 6 i l l u s t r a t e s t h e o v e r a l l f a c i e s d i s t r i b u t i o n w i t h i n t h e 
C i r q u e d e p o s i t . I n p l a n , t h e p y r i t i c f a c i e s p r e d o m i n a t e s i n t h e n o r t h 
e n d o f t h e d e p o s i t , a n d b a r i t i c f a c i e s p r e d o m i n a t e s i n t h e s o u t h . I n 
c r o s s s e c t i o n , t h e p o s i t i o n o f t h e p y r i t i c f a c i e s t r e n d s f r o m t h e t o p 
o f t h e d e p o s i t i n t h e w e s t t o t h e b o t t o m i n t h e e a s t . T h i s f a c i e s 
c h a n g e a p p e a r s t o b e d i a c h r o n o u s r e l a t i v e t o s i l t s t o n e i n t e r b e d s t h a t 
c u t t h e f a c i e s b o u n d a r i e s . W i t h i n t h e o v e r a l l f a c i e s d i s t r i b u t i o n , 
t h i n u n i t s o f t h e p y r i t i c f a c i e s c o m m o n l y o c c u r i m m e d i a t e l y a d j a c e n t 
t o t h e s i l t s t o n e i n t e r b e d s . 

T h e l a m i n a r b a n d e d p y r i t e o c c u r s a s a f r i n g e f a c i e s a n d m i n o r 
c o n s t i t u e n t o f t h e C i r q u e d e p o s i t ( F i g . 4 . 4 ) . T h i s f a c i e s i s l o c a t e d 
p r i m a r i l y t o t h e e a s t a n d i m m e d i a t e l y a b o v e t h e d e p o s i t . I n d i v i d u a l 
p y r i t e b e d s a p p e a r t o t h i c k e n f r o m e a s t t o w e s t , t o w a r d s t h e u p p e r 
e a s t e r n e d g e o f t h e d e p o s i t a n d a r e i n t e r p r e t e d a s l a t e r a l e q u i v a l e n t s 
o f m o s t i f n o t a l l o f t h e b a r i t e - s u l p h i d e m a s s . 

T r e n d M a p s 

C o n t o u r maps o f i s o p a c h s , o v e r a l l l e a d + z i n c g r a d e s , z i n c / l e a d 
r a t i o s a n d o v e r a l l s i l v e r g r a d e s w e r e p l o t t e d u s i n g 4 2 d i a m o n d d r i l l 
i n t e r s e c t i o n s . .In e a c h c a s e , t h e b o r e h o l e a n d t h e i n d i v i d u a l i n t e r 
s e c t i o n w e r e p l o t t e d i n p l a n a n d t h e a p p r o p r i a t e v a l u e was a s s i g n e d t o 
t h e c e n t e r o f t h e i n t e r s e c t i o n . T r u e t h i c k n e s s e s w e r e c a l c u l a t e d f r o m 
a p p a r e n t t h i c k n e s s e s i n d r i l l c o r e a n d c h e c k e d o n c r o s s - s e c t i o n s . 
W e i g h t e d a v e r a g e s w e r e c a l c u l a t e d f o r t h e e n t i r e i n t e r s e c t i o n . 

T h e a x i s o f t h i c k e s t b a r i t e a n d s u l p h i d e s ( F i g . 4 . 7 A ) t r e n d s 
n o r t h e r l y a n d i s n e a r t h e w e s t e r n m a r g i n o f t h e d e p o s i t . T h i c k n e s s 
d e c r e a s e s m o r e r a p i d l y t o t h e w e s t t h a n t o t h e e a s t . A c o n t o u r map o f 
t h e a v e r a g e c o m b i n e d l e a d + z i n c g r a d e s ( F i g . 4 . 7 B ) s h o w s t h a t t h e a x i s 
o f h i g h e s t g r a d e m a t e r i a l l i e s j u s t e a s t o f t h e t h i c k e s t p o r t i o n o f 
t h e d e p o s i t a n d i s s k e w e d t o t h e n o r t h w e s t . T h e a x e s o f b e s t g r a d e 
a n d g r e a t e s t t h i c k n e s s c o i n c i d e i n t h e n o r t h e r n e n d o f t h e d e p o s i t 
w h e r e g r a d e s a r e u n i f o r m l y h i g h . T h e z i n c / l e a d r a t i o map ( F i g . 4 . 8 A ) 
s h o w s a z i n c - r i c h w e s t e r n m a r g i n w i t h i n c r e a s i n g l e a d c o n t e n t t o t h e 
e a s t . T h e h i g h e s t g r a d e s a n d t h i c k e s t p o r t i o n s o f t h e d e p o s i t h a v e a 
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F ig . 4.7. trend maps: A) Isopach with contours at 2, 20, 40 and 60 metres 
B) Pb and Zn grades contoured at 6.0, 9.0, 12.0 combined wt % Pb+Zn 
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F ig . 4.8. Cirque trend maps: A) Zn/Pb ra t ios contoured at 3, 5, 7 by weight. 
6} Ag grades contoured at 20, 40 and 60 grams/tonne. 



z i n c / l e a d r a t i o o f b e t w e e n 3 a n d 4 . S i l v e r c o n t e n t ( F i g . 4 . 8 B ) c o r r e 
l a t e s d i r e c t l y w i t h t h e h i g h e s t l e a d + z i n c g r a d e s . T h e h i g h e s t s i l v e r 
g r a d e s o c c u r i n t h e n o r t h e r n e n d o f t h e d e p o s i t w h e r e t h e p y r i t i c 
f a c i e s p r e d o m i n a t e s . 

GEOLOGY OF SOUTH CIRQUE DEPOSIT 

T h e S o u t h C i r q u e d e p o s i t i s s i m i l a r i n many r e s p e c t s t o t h e C i r q u e 
d e p o s i t . T h e y b e l o n g t o t h e same b a r i t e - s u l p h i d e s c o n t i n u u m w i t h t h e 
same f a c i e s s u b d i v i s i o n s . B a r i t e a n d s u l p h i d e s i n b o t h d e p o s i t s h a v e 
a c o n f o r m a b l e i n t e r b e d d e d r e l a t i o n s h i p w i t h t h e h o s t G u n s t e e l s i l i c e o u s 
s h a l e s . B o t h a r e l e n t i c u l a r a n d h a v e a f r i n g e l a m i n a r b a n d e d p y r i t e 
f a c i e s . T h e t w o d e p o s i t s a l s o h a v e 1 t o 3 m i n t e r b e d s o f s i l t s t o n e 
a n d s i l t s t o n e b r e c c i a , w i t h t h i c k s i l t s t o n e u n i t s t o t h e w e s t , n o r t h w e s t 
a n d s o u t h w e s t . 

D i f f e r e n c e s b e t w e e n t h e t w o d e p o s i t s c o n s i s t o f f a c i e s v a r i a t i o n s 
w i t h i n a n d a d j a c e n t t o t h e m . I n S o u t h C i r q u e t h e p y r i t i c f a c i e s i s 
c o m m o n l y c a l c a r e o u s . I n a d d i t i o n t o t h e f r i n g e l a m i n a r b a n d e d p y r i t e 
f a c i e s p r e s e n t i n b o t h d e p o s i t s , S o u t h C i r q u e a l s o c o n t a i n s t h i c k l a m i 
n a r b a n d e d p y r i t e u n i t s a b o v e t h e b a r i t e a n d s u l p h i d e s ( F i g . 4 . 5 ) . . 
T h i c k l a m i n a r b a n d e d p y r i t e e a s t o f t h e S o u t h C i r q u e d e p o s i t ( F i g . 4 . 5 ) 
c a n n o t b e c o m p a r e d t o C i r q u e , b e c a u s e f a c i e s i m m e d i a t e l y e a s t o f t h e 
C i r q u e d e p o s i t h a v e b e e n e r o d e d ( F i g . 4 . 4 ) . T h e S o u t h C i r q u e d e p o s i t 
i s i m m e d i a t e l y u n d e r l a i n b y an e x t e n s i v e s i l t s t o n e b r e c c i a u n i t ; t h i s 
b r e c c i a i s t h i n a n d d i s c o n t i n u o u s b e n e a t h t h e C i r q u e d e p o s i t . D o w n - d i p 
f r o m t h e S o u t h C i r q u e , t h i s s i l t s t o n e b r e c c i a c o n t a i n s b e d d e d s p h a l e r i t e 
a n d p y r i t e . T h i s f e a t u r e c a n n o t b e c o m p a r e d t o s i l t s t o n e s d o w n - d i p o f 
t h e C i r q u e d e p o s i t d u e t o i n s u f f i c i e n t d r i l l i n g . P o r c e l l a n i t e , w h i c h 
o c c u r s b e l o w a n d a b o v e t h e C i r q u e d e p o s i t , i s p r e s e n t o n l y a b o v e t h e 
S o u t h C i r q u e d e p o s i t . 

D I S C U S S I O N 

S e v e r a l c o n s t r a i n t s c a n b e p l a c e d o n a g e n e t i c m o d e l f o r t h e C i r q u e 
d e p o s i t s . I m p o r t a n t p a r a m e t e r s t h a t m u s t b e c o n s i d e r e d a r e s u m m a r i z e d 
i n T a b l e 4 . 2 a n d d i s c u s s e d i n m o r e d e t a i l i n t h e f o l l o w i n g s e c t i o n . 
U n d e r l y i n g t h i s d i s c u s s i o n i s t h e i m p l i c i t ( b u t v e r y e s s e n t i a l ) a s s u m p 
t i o n t h a t t h e d e p o s i t s h a v e a s y n g e n e t i c - d i a g e n e t i c o r i g i n . T h i s 
a s s u m p t i o n i s b a s e d o n t h e s t r a t i f o r m - s t r a t a b o u n d n a t u r e o f t h e d e p o s i t s , 
t h e i n t e r ! a y e r i n g o f b a r i t e a n d s u l p h i d e s w i t h f i n e c l a s t i c r o c k s o n a l l 
s c a l e s , a n d t h e o c c u r r e n c e o f d e l i c a t e l y l a m i n a t e d , f r a m b o i d a l p y r i t e 
c o n t a i n i n g m i n o r g a l e n a a n d s p h a l e r i t e i n t h e s h a l e s a d j a c e n t t o t h e 
d e p o s i t s . 

The o v e r a l l s e d i m e n t a t i o n r a t e f o r s h a l e s i n t h e v i c i n i t y o f t h e 
d e p o s i t s was p r o b a b l y q u i t e l o w . S h a l e s b e t w e e n t h e t o p o f t h e S i l u r i a n 
s i l t s t o n e ( a p p r o x i m a t e l y 4 0 0 M a , C e c i l e a n d N o r f o r d , 1 9 7 9 ) a n d t h e 
G u n s t e e l p o r c e l l a n i t e c o n t a i n i n g P o n t i c e r a s ( 3 5 8 Ma) r a n g e f r o m 2 0 t o 
1 5 0 m e t r e s t h i c k . T h i s c o r r e s p o n d s t o an a v e r a g e s e d i m e n t a t i o n r a t e o f 
0 . 5 t o 4 m e t r e s p e r m i l l i o n y e a r s . A l t h o u g h l a c k i n g d e t a i l e d p a l e o n t o -
l o g i c c o n t r o l , t h i s i s s i m i l a r t o t h e o v e r a l l s e d i m e n t a t i o n r a t e f o r L a t e 
D e v o n i a n t o M i s s i s s i p p i a n s t a r v e d b a s i n f a c i e s i n U t a h ( S a n d b e r g a n d 
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T a b l e 4 . 2 . C o n s t r a i n t s o n g e n e s i s o f C i r q u e d e p o s i t s . 

1 . B a c k g r o u n d s e d i m e n t a t i o n r a t e c o r r e s p o n d s t o t h a t o f 
a s t a r v e d b a s i n . 

2 . P a l e o t o p o g r a p h i c r e l i e f o n t h e b a s i n f l o o r w a s h i g h 
i n t h e v i c i n i t y o f t h e d e p o s i t s . 

3 . M a i n C i r q u e d e p o s i t i s a n e x t r e m e l y t h i c k , a s y m m e t r i c 
s t r a t i f o r m l e n s i n t e r d i g i t a t e d w i t h s i l i c e o u s s h a l e s 
a t i t s m a r g i n s , b u t l a c k i n g s h a l e i n t e r l a m i n a e w i t h i n 
t h e d e p o s i t . 

4 . B o t h d e p o s i t s a r e s p a t i a j l y a s s o c i a t e d w i t h s i l i c i f i e d , 
b r e c c i a t e d a n d l a m i n a t e d s i l t s t o n e s . 

5 . M a i n C i r q u e d e p o s i t o c c u r s i n s o u t h w e s t p a r t o f an 
a s y m m e t r i c e n v e l o p e o f s i l i c e o u s s h a l e a n d p o r c e l 
l a n i t e t h a t c o n t a i n r a d i o l a r i a n s . 

6 . B o t h d e p o s i t s a r e f r i n g e d b y z i n c - l e a d - b e a r i n g l a m i n a r 
b a n d e d p y r i t e . 

7 . B l e b b y t o l a m i n a t e d b a r i t e o c c u r s i n p o r c e l l a n i t e s 
a b o v e , b e l o w a n d e a s t o f t h e m a i n d e p o s i t . T h i s 
b a r i t e i s s e p a r a t e f r o m t h e d e p o s i t . 

8 . V e n t s o r a l t e r a t i o n h a l o s h a v e n o t b e e n r e c o g n i z e d . 

9 . D e p o s i t s a r e c r u d e l y s e g r e g a t e d m i x t u r e s o f b a r i t e 
a n d s u l p h i d e s . 

1 0 . T h e C i r q u e d e p o s i t i s a s y m m e t r i c a l l y z o n e d i n d i s t r i 
b u t i o n o f t h e o v e r a l l m i n e r a l f a c i e s c o n t i n u u m a n d 
m e t a l s . 

G u t s c h i c k , 1 9 7 9 ) . 

P i n c h - o u t o f t h e l o w e r members o f t h e A k i e f o r m a t i o n t o t h e i m m e 
d i a t e n o r t h , e a s t a n d s o u t h o f t h e C i r q u e c l a i m s s u g g e s t s a d e p o s i t i o n a l 
b a s i n t h a t w a s s o m e w h a t i s o l a t e d f r o m o t h e r s i n t h e A k i e D i s t r i c t . 
L o c a l v a r i a t i o n s i n t h i c k n e s s o f E a r n G r o u p s t r a t a w i t h i n t h e C i r q u e 
c l a i m s i n d i c a t e t h a t t h e D e v o n i a n e r o s i o n a l s u r f a c e , a s r e p r e s e n t e d b y 
t h e u p p e r m o s t c o n t a c t o f t h e S i l u r i a n s i l t s t o n e , h a d s i g n i f i c a n t l o c a l 
t o p o g r a p h i c r e l i e f ( e . g . F i g . 4 . 5 ) . T h e s e a b r u p t t o p o g r a p h i c v a r i a t i o n s 
s u g g e s t t h e p r e s e n c e o f s u b - b a s i n s a l t h o u g h t h e y c a n n o t b e d i r e c t l y 
c o r r e l a t e d w i t h t h e g e o m e t r y o f t h e m i n e r a l d e p o s i t s . 

D e p o s i t i o n a l s u b - b a s i n s r e l a t e d t o e a c h d e p o s i t c a n b e i n f e r r e d 
f r o m t h e g e o m e t r i c a n d l i t h o l o g i c c h a r a c t e r o f t h e d e p o s i t s . H i g h 
s p e c i f i c g r a v i t i e s a n d t h e v i r t u a l a b s e n c e o f s h a l e i n t e r l a m i n a e i n 
t h e b a r i t i c a n d p y r i t i c f a c i e s i n d i c a t e t h a t d e p o s i t i o n o f b a r i t e a n d 
s u l p h i d e s w a s a n o r d e r o f m a g n i t u d e f a s t e r t h a n t h a t o f t h e e n c l o s i n g 
s i l i c e o u s s h a l e . U n l e s s t h e b a r i t i c a n d p y r i t i c f a c i e s w e r e l i t h i f i e d 
i m m e d i a t e l y , a t o p o g r a p h i c d e p r e s s i o n w o u l d h a v e b e e n r e q u i r e d t o c o n 
t a i n t h e m . A n y s u c h b a s i n c o u l d n o t h a v e b e e n d e e p e n o u g h a t o n e t i m e 
t o accommodate t h e e n t i r e C i r q u e d e p o s i t b e c a u s e i m p r o b a b l e d e p o s i t i o n a l 
s l o p e s o f 2 0 ° t o 6 0 ° w o u l d h a v e b e e n r e q u i r e d t o c o n t a i n t h e a s y m m e t r i c 

lb 



b a r i t e - s u l p h i d e l e n s : A r e a s o n a b l e d e p o s i t i o n a l m o d e l f o r t h e d e p o s i t s 
w o u l d t h e r e f o r e i n c l u d e t h e d e v e l o p m e n t o f s h a l l o w s u b - b a s i n s w i t h 
c o n t i n u e d s u b s i d e n c e b e i n g r o u g h l y e q u i v a l e n t t o t h e r a t e o f i n f i l l i n g 
b y b a r i t e a n d s u l p h i d e s . 

T h e t h i c k s i l t s t o n e s a n d s i l t s t o n e b r e c c i a s w i t h i n and a d j a c e n t t o 
t h e d e p o s i t s s u g g e s t f u r t h e r r e f i n e m e n t s t o t h i s m o d e l . S i l t s t o n e u n i t s 
t h i c k e n r a p i d l y w e s t o f t h e C i r q u e d e p o s i t a n d t h e i r o v e r a l l s h a p e r e 
s e m b l e s t h a t o f a c l a s t i c w e d g e . S u c h a wedge may h a v e f o r m e d t h e w e s t 
m a r g i n o f t h e s u b - b a s i n c o n t a i n i n g e a c h d e p o s i t . T h e s i l t s t o n e b r e c c i a s 
o c c u r o n l y i n t h e i m m e d i a t e v i c i n i t y o f t h e m i n e r a l d e p o s i t s . I t i s 
l i k e l y t h a t t h e y r e p r e s e n t A k i e s i l t s t o n e s t h a t w e r e p r o x i m a l l y b r e c -
c i a t e d a n d s i l i c i f i e d d u r i n g d e p o s i t i o n o f t h e b a r i t e a n d s u l p h i d e s . ' 
The p r e s e n c e o f c l a s t i c b r e c c i a s a n d m e s o s c o p i c c l a s t i c w e d g e s s u g g e s t s 
p r o x i m a l g r o w t h f a u l t ( s ) t o t h e w e s t o f t h e m i n e r a l d e p o s i t s . I n d i v i 
d u a l m o v e m e n t s o f t h e g r o w t h f a u l t s c o u l d h a v e g e n e r a t e d t h e s i l t s t o n e 
i n t e r b e d s . 

E m p i r i c a l l y t h e r i b b o n - b e d d e d p o r c e l l a n i t e s a n d s i l i c e o u s s h a l e s 
o f t h e G u n s t e e l f o r m a t i o n a r e s p a t i a l l y a s s o c i a t e d w i t h t h e m i n e r a l 
d e p o s i t s . T h e G u n s t e e l f o r m a t i o n l o c a l l y c o n t a i n s a b u n d a n t , w e l l p r e 
s e r v e d r a d i o l a r i a n s . L i t h o l o g i c a l l y s i m i l a r t h i n - b e d d e d c h e r t s a n d 
s i l i c e o u s muds f r o m M e s o z o i c a n d C e n o z o i c m a r i n e e n v i r o n m e n t s h a v e b e e n 
r e c o v e r e d f r o m t h e d e e p - s e a d r i l l i n g p r o g r a m ( V o n R a d a n d R b s c h , 1 9 7 4 ; 
P i s c i o t t o , 1 9 8 1 ) . I n t h e s e c a s e s t h e s i l i c e o u s s e d i m e n t s r e s u l t e d f r o m 
d i a g e n e t i c a l t e r a t i o n o f a c c u m u l a t i o n s o f t e s t s o f s i l i c e o u s o r g a n i s m s . 
C o n v e r s e l y t h e d i s t i n c t i v e l i t h o l o g i c c h a r a c t e r i s t i c s o f i n o r g a n i c 
h y d r o t h e r m a l c h e r t s d e s c r i b e d i n t h e F r a n c i s c a n F o r m a t i o n ( C r e r a r e t . 
a l . , 1 9 8 2 ) a r e n o t p r e s e n t i n t h e G u n s t e e l f o r m a t i o n o r t h e d e e p - s e a 
c h e r t s . T h e s i l i c e o u s n a t u r e o f t h e G u n s t e e l f o r m a t i o n , t h e r e f o r e , i s 
b i o g e n i c i n o r i g i n a n d b y i t s e l f d o e s n o t a p p e a r t o r e p r e s e n t e x c e s s i 
v e l y a b n o r m a l d e p o s i t i o n a l c o n d i t i o n s . 

I n f a c t , t h e m a j o r " a b n o r m a l i t y " o f t h e s i l i c e o u s G u n s t e e l f o r m a t i o n 
i s t h a t i t p i n c h e s o u t d o w n - d i p a n d a l o n g s t r i k e f r o m t h e C i r q u e d e p o 
s i t s . T h i s s p a t i a l a s s o c i a t i o n m i g h t b e r e l a t e d t o m a s s k i l l s ( K a n m e r a , 
1 9 7 4 ) o r o r g a n i c b l o o m s r e s u l t i n g f r o m e x h a l a t i v e a c t i v i t y . A n o t h e r 
p o s s i b i l i t y i s t h a t t h e r a d i o l a r i a n - r i c h s e d i m e n t s m i g h t h a v e b e e n 
p r e f e r e n t i a l l y d e p o s i t e d w i t h i n t h e c a t c h m e n t a r e a o f t h e p o s t u l a t e d 
m i n e r a l d e p o s i t s s u b - b a s i n s ( e . g . N i s b e t a n d P r i c e , 1 9 7 4 ) . P r e f e r e n t i a l 
p r e s e r v a t i o n o f b i o g e n i c s i l i c a d u e t o s i l i c a - r i c h b o t t o m w a t e r s i s y e t 
a n o t h e r p o s s i b i l i t y t h a t m u s t b e c o n s i d e r e d ( G a r r i s o n , 1 9 7 4 , p . 3 7 5 ) . 
W h a t e v e r m o d e l i s u s e d f o r t h e f o r m a t i o n o f t h e s i l i c e o u s s e d i m e n t s 
m u s t a c c o u n t f o r t h e f a c t t h a t t h e G u n s t e e l f o r m a t i o n , t h o u g h h i g h l y 
v a r i a b l e i n t h i c k n e s s , i s r e g i o n a l l y w i d e s p r e a d a n d a l s o o c c u r s w h e r e n o 
m i n e r a l o c c u r r e n c e s h a v e b e e n d i s c o v e r e d . 

C o n c l u s i v e e v i d e n c e o f a v e n t o r f e e d e r z o n e f o r t h e m i n e r a l d e p o 
s i t s h a s n o t b e e n f o u n d . T h e e x t e n s i o n o f t h e s i l i c e o u s f a c i e s , t h e 
l a m i n a r b a n d e d p y r i t e a n d b a r i t e h o r i z o n s e a s t o f t h e C i r q u e d e p o s i t 
s u g g e s t s t h a t g e n t l e c u r r e n t s o r o c e a n f l o o r t o p o g r a p h i c g r a d i e n t s 
t r a n s p o r t e d t h e m e t a l l i f e r o u s b r i n e s i n t h a t d i r e c t i o n . T h e o v e r a l l 
t h i c k n e s s o f t h e d e p o s i t a n d t h e f r i n g e l a m i n a r b a n d e d p y r i t e f a c i e s 
a l s o t a i l o f f t o t h e e a s t . T h e s e f e a t u r e s s u g g e s t t h a t t h e v e n t f o r 

1 7 



J t r r - t K b U N , M L d Y , PI GAGE AND ROBERTS - CIRQUE DEPOSIT 

t h e C i r q u e d e p o s i t was l o c a t e d b e n e a t h t h e a x i s o f g r e a t e s t t h i c k n e s s 
i n t h e w e s t e r n p o r t i o n o f t h e d e p o s i t ( F i g . 4 . 7 A ) . 

I n t e r m i x i n g o f b a r i t e a n d s u l p h i d e m i n e r a l s i n t h e C i r q u e d e p o s i t 
i s c o n t r a s t e d w i t h t h e s e p a r a t i o n o f s u l p h i d e m i n e r a l s a n d b a r i t e i n 
o t h e r d e p o s i t s o f t h i s t y p e , s u c h a s M e g g e n ( K r e b s , 1 9 8 1 ) a n d Tom 
( C a m e , 1 9 7 9 ) . M o d e l s d e v e l o p e d f o r t h e s e d e p o s i t s c a n n o t b e d i r e c t l y 
a p p l i e d t o C i r q u e . 

T h e C i r q u e d e p o s i t a l s o c o n t a i n s i n t e r n a l z o n a t i o n i n d i s t r i b u t i o n 
o f m i n e r a l f a c i e s a n d m e t a l r a t i o s ( F i g . 4 . 7 ) . T h e z o n a t i o n s u g g e s t s 
t h a t t h e d e p o s i t i s r e l a t e d t o a u n i q u e h y d r o t h e r m a l ( ? ) v e n t . By a n a l o g y 
w i t h t h e S u l l i v a n d e p o s i t ( F r e e z e , 1 9 6 6 ; H a m i l t o n e t a l . , t h i s v o l u m e ) , 
t h e Z n / P b r a t i o s f o r C i r q u e i n d i c a t e t h a t t h e v e n t i s l o c a t e d n e a r t h e 
P b - r i c h e a s t s i d e o f t h e d e p o s i t . T h i s c o n t r a s t s w i t h t h e v e n t p o s i t i o n 
i n f e r r e d f r o m o v e r a l l s t r a t i g r a p h i c a n d t o p o g r a p h i c a r g u m e n t s . T h e o r e 
t i c a l a n d e x p e r i m e n a l w o r k w i t h t r a n s p o r t o f g a l e n a a n d s p h a l e r i t e i n 
c h l o r i d e b r i n e s s h o w s t h a t m e t a l z o n i n g i s h i g h l y d e p e n d e n t o n t h e 
u l t i m a t e s o u r c e o f t h e m e t a l s ( A n d e r s o n , 1 9 7 3 ) . A t C i r q u e , t h e r e f o r e , 
m e t a l z o n i n g b y i t s e l f c a n n o t b e u s e d t o l o c a t e a v e n t b e c a u s e the s o u r c e 
a n d c o m p o s i t i o n o f t h e m i n e r a l i z e d b r i n e s i s n o t k n o w n . 

T h e a b s e n c e o f c o p p e r m i n e r a l s , t h e p r e s e r v a t i o n o f p y r i t e f r a m -
b o i d s , a n d t h e a b s e n c e o f a h y d r o t h e r m a l a l t e r a t i o n h a l o a l l s u g g e s t 
a l o w t e m p e r a t u r e f o r m i n e r a l i z a t i o n . T h e s e c r i t e r i a m u s t b e v i e w e d 
w i t h c a u t i o n , h o w e v e r , a s t h e l a c k o f c h a l c o p y r i t e may b e r e l a t e d t o 
c h e m i c a l f a c t o r s i n t h e s o u r c e a r e a f o r t h e b r i n e s . S i m i l a r l y t h e l a c k 
o f an a l t e r a t i o n f a c i e s may a l t e r n a t i v e l y b e e x p l a i n e d b y i n f e r r i n g a 
d i s t a l v e n t o r s t r u c t u r a l r e m o v a l o f t h e a p p r o p r i a t e r o c k t y p e s . 

I n s u m m a r y , t h e C i r q u e d e p o s i t s a p p e a r t o b e r e l a t e d t o i s o l a t e d 
b a s i n s o r s u b - b a s i n s w i t h i n a l a r g e r n o r t h w e s t - t r e n d i n g d e p o s i t i o n a l 
t r o u g h . S e d i m e n t a t i o n r a t e s c o r r e s p o n d t o t h o s e o f s t a r v e d b a s i n s . 
I n d i r e c t e v i d e n c e s u g g e s t s t h a t a t l e a s t p a r t o f t h e b a s i n d e v e l o p m e n t 
w a s r e l a t e d t o g r o w t h f a u l t s w i t h c o n t e m p o r a n e o u s c l a s t i c s u b m a r i n e 
f a n d e v e l o p m e n t . T h e s i l i c e o u s G u n s t e e l f o r m a t i o n i s s p a t i a l l y , a n d 
may b e g e n e t i c a l l y , r e l a t e d t o t h e b a r i t e - z i n c - l e a d d e p o s i t s . A d i s c r e t e 
h y d r o t h e r m a l v e n t i s i n f e r r e d f o r e a c h d e p o s i t . G e n t l e c u r r e n t s a n d 
b o t t o m t o p o g r a p h y i n f l u e n c e d t h e d i s t r i b u t i o n o f m a t e r i a l s p r o d u c e d 
f r o m , o r i n a s s o c i a t i o n w i t h t h e s e v e n t s . F u r t h e r d r i l l t e s t i n g , g e o -
c h e m i c a l a n a l y s e s , p a l e o n t o l o g i c c o n t r o l a n d a b e t t e r u n d e r s t a n d i n g o f 
t h e a b o v e m e n t i o n e d z o n a t i o n s a r e n e e d e d b e f o r e a g e n e t i c m o d e l f o r 
t h e s e d e p o s i t s c a n b e f i n a l i z e d . 
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MAJOR "SHALE HOSTED" MASSIVE SULPHIDE DEPOSITS 
SELWYN BASIN - YUKON + B. C. 

D I S T R I C T AGE DEPOSIT 

MINEABLE 
RESERVES 

PROVEN 
( R TONS) 

GRADE 
% Zn % Pb o z A g % Cu 

LENGTH x WIDTH 
(m) 

THICKNESS 
AVERAGE MAX 

DIAMOND D R I L L I N G 
(m) 

POTENTIAL 
RESERVES 

TOTAL 
( R TONS) 

SOURCE/DATE 
DAY/MONTH/YEAR COMMENTS 

AN
V

IL
 

LOWER CAMBRIAN FARO 

GRUM 

VANGORDA 

DY 

SWIM 

6 5 . 7 

3 4 . 3 

6 . 0 

21 

5 

5 . 7 

4 . 9 

4 . 3 

6 . 9 

9 . 5 c 

3 . 4 

3 

3 . 3 

5 . 6 

)mb. 

1 . 2 

1 . 5 

1 . 5 

2 . 7 

1 . 5 

. 1 6 

. 3 

T r 

1 3 5 0 x 700 

1 2 0 0 x 3 0 0 

7 6 0 x 1 5 0 

1 6 8 0 x 6 7 0 

4 5 0 x 1 5 0 

4 5 

6 0 

8 t 

6 t 

2 0 

o 70 

o 6 0 

8 5 

1 3 , 0 0 0 

6 2 , 3 0 0 
+ 1 , 0 3 6 D e c l i n e 
+ 1 * 8 8 0 D r i f t i n g 

1 3 , 4 0 0 

4 1 , 4 7 0 

7 , 4 0 0 

5 0 t o 100 

Dome 
1 / 1 / 8 2 

1 / 1 / 8 2 

1 / 1 / 8 2 

AC 1 9 8 2 

AC 1981 

T h r e e l e n s e s 
O p e n P i t 
P r o d u c t i o n 
S t a r t e d 1 9 6 9 

Two L e n s e s 

Two L e n s e s 
F r o m 6 5 0 t o 9 0 0 m 

M
AC

(M
IL

LA
N)

 
PA

SS
 

1 

UPPER DEVONIAN 
( F R A S N I A N ) 

TOM WEST 
EAST 

JASON SOUTH 
MAIN 

7 . 8 
3 

7 . 7 
2 . 6 

7 . 2 
8 . 5 

5 . 2 
1 3 . 4 

4 . 5 
1 1 . 5 

9 . 4 
1 . 2 

1 . 3 
4 . 5 

3 . 5 
Low 

T r 1 2 0 0 x 4 0 0 + 
170 x 2 0 0 

1000+ 

3 t c 
3 t c 

2 t c 

60 
6 

19 
2 0 

1 1 2 , 5 4 3 
^ - D e c l i n e 

J>±7,800+ 

Open Down 
D i p 

4 0 0 

HBMS 
6 / 8 2 

AC 1 9 8 0 
+ P e r s . C o m m 

D i p s 7 0 ° W 
V e r t i c a l 

A t d e p t h o f 
4 0 0 m+ 

HO
W

AR
DS

 
PA

SS
 

LOWER S I L U R I A N 
(LLANDOVERIAN) 

HOWARD PASS 
(XY H i g h e s t 

G r a d e 
P o r t i o n 

1 2 5 
9 

5 . 4 
1 0 . 6 

2 . 1 
5 . 5 

< 0 . 5 
- ) 

7 6 0 0 x 2 4 5 0 1 6 . £ A v . 2 2 , 1 6 0 
+ 1 , 2 9 4 A d i t 

P l a c e r + 
C y g n u s 
1 9 8 2 

A p p l i e s t o XY 
a n d ANNJV. 
d e p o s i t s o n l y 

GA
TA

GA
 

(C
IR

Q
U

E)
 

UPPER DEVONIAN 
( F R A S N I A N ? ) 

CIRQUE 
( o f w h i c h 
SOUTH 
CIRQUE 

4 0 
1 3 . 7 
10 

8 . 0 
1 1 . 0 
S i m i l « 

2 . 2 
3 . 2 

r t o 

1 . 5 
2 . 3 ) 

l i r q u e 

1 0 0 0 x 3 0 0 

7 0 0 x 2 5 0 

2 t o 

2 t o 

70 

30 

36 DDH 
5 0 , 0 0 0 ± 

7 DDH 
6 , 0 0 0 ± 

Open t o S 
70 
2 0 

Dome 
3 / 1 9 8 2 

OT
HE

R 

UPPER DEVONIAN CLEAR LAKE 
( o f w h i c h 

58 
3 . 5 

3 . 4 ( 
1 4 . 5 ( 

: o m b . 
' o m b . 

. 3 
1 . 5 

9 0 0 x 350+ 9 0 5 , 1 0 0 + Open a t 
D e p t h 

P e r s . C o m m . 
G e t t y 
1 5 / 3 / 8 3 

M o s t l y p y r i t e 
o r e b o d y 

C o m p i l e d by L . D e k k e r 15/3/83 
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SUMMARY 

A major l e a d - z i n c - s i l v e r d i s t r i c t has been i d e n t i f i e d i n the Akie d i s t r i c t , some 
230 k i l o m e t e r s n o r t h of Mackenzie i n n o r t h e a s t e r n B r i t i s h Columbia. 

The Cirque Deposit, which c o n t a i n s a c u r r e n t r e s e r v e of 40 m i l l i o n tonnes of 107o 

combined l e a d - z i n c w i t h 47 grams per tonne s i l v e r , s t i l l remains open to the south. 

A d d i t i o n a l r eserves have been o u t l i n e d on the Cirque p r o p e r t y . The South Cirque 
D e p o s i t , d i s c o v e r e d i n 1982, has been i n t e r s e c t e d by seven d r i l l h o l es w i t h an 
e s t i m a t e d resource and t a r g e t zone p o t e n t i a l of 20 m i l l i o n tonnes. A d r i l l h ole 
c o l l a r e d t o i n t e r s e c t m i n e r a l i z a t i o n 200 meters down-dip from s u r f a c e b a r i t e -
s u l p h i d e m i n e r a l i z a t i o n on the Fluke c l a i m s o u t l i n e d s e v e r a l narrow s u l p h i d e h o r i 
zons over a 20 meter t h i c k n e s s of s i l t s t o n e b r e c c i a i d e n t i c a l to the formation 
h o s t i n g the South Cirque D e p o s i t . 

T o t a l expenditures i n the A k i e D i s t r i c t are approximately $21 m i l l i o n , of which 
$17 m i l l i o n has been c a p i t a l i z e d on the Cirque p r o p e r t y . Work i n c l u d e s 62,000 
meters of diamond d r i l l i n g , completion of a 1,600-meter a i r s t r i p , c o n s t r u c t i o n 
of 87 k i l o m e t e r s of a l l - w e a t h e r road and purchase of c a p i t a l equipment to support 
an underground e x p l o r a t i o n program. 

The e a r l y i d e n t i f i c a t i o n of the South Cirque Deposit enhances the v i a b i l i t y of 
a f u t u r e mining scheme by not o n l y o u t l i n i n g a d d i t i o n a l r e s e r v e s , but by d e l i n e a 
t i n g zones of h i g h e r grade m a t e r i a l that l i e along the contemplated route of the 
Cirque p r o d u c t i o n a d i t . Another year of s u r f a c e diamond d r i l l i n g i s r e q u i r e d to 
d e f i n e the reserve p o t e n t i a l and d i s t r i b u t i o n of grade w i t h i n the South Cirque 
D e p o s i t , from which an optimum schedule f o r underground development of the p r o 
p e r t y can be determined. 

The magnitude of the u l t i m a t e p r o j e c t can be compared to the A n v i l mining opera
t i o n s . A d d i t i o n a l tonnage o u t l i n e d on the Cirque and p o t e n t i a l r e serves on the 
E l f and Fluke c l a i m s can o n l y enhance the long term v i a b i l i t y of the Cirque 
development. 
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CIRQUE POTENTIAL 

Cirque Deposit 

The massive s t r a t i f o r m Cirque Deposit, as d e l i n e a t e d by 36 diamond d r i l l h o l e s , 
i s 1,000 meters long, 300 meters wide and v a r i e s from 2 to 70 meters t h i c k . T h i s 
t a b u l a r b a r i t e - s u l p h i d e body, o c c u r r i n g w i t h i n a b l a c k s i l i c e o u s shale envelope, 
l i e s along the southwest d i p p i n g limb of a northwest t r e n d i n g a n t i c l i n e . The c u r 
r e n t reserve of 40 m i l l i o n tonnes of 2.2% l e a d , 7.8% z i n c and 47 grams per tonne 
s i l v e r , c o n t a i n s a n o r t h - c e n t r a l b l o c k of 14 m i l l i o n tonnes grading 3.27» l e a d , 
11.07o z i n c and 70 grams per tonne s i l v e r . A c r u d e l y c a l c u l a t e d mining r e s e r v e , 
based on a conceptual bulk mining method r e q u i r i n g a minimum t h i c k n e s s of 10 
meters and a n t i c i p a t e d c u t - o f f of 8%, was c a l c u l a t e d at 20.5 m i l l i o n tonnes g r a 
ding 3.0% l e a d , 9.4% z i n c and 60 grams per tonne s i l v e r . Although the d e p o s i t 
remains open to the south, a g e o l o g i c a l estimate of t h i s s t r i k e e x t e n s i o n i s not 
i n c l u d e d i n the reserve c a l c u l a t i o n s . 

The s i t u a t i o n of the d e p o s i t p l u n g i n g to the south, a s s o c i a t e d w i t h an extreme 
r i s e i n topography, negates f u r t h e r d e l i n e a t i o n from s u r f a c e . Close-spaced s u r 
face d r i l l i n g to f u r t h e r d e f i n e a mining reserve w i t h i n the known boundaries i s 
c o n s i d e r e d unproductive due to the h i g h cost and u n p r e d i c t a b l e hole d e v i a t i o n 
encountered i n hanging-wall f o r m a t i o n s . 

S u f f i c i e n t data was a v a i l a b l e by January, 1982 to conduct a p r e l i m i n a r y economic 
e v a l u a t i o n u s i n g the above d r i l l - i n d i c a t e d r e s e r v e s . A conceptual underground 
bulk mining scheme us i n g two a d i t s was proposed. M e t a l l u r g i c a l p r o j e c t i o n s and 
the c o n c e n t r a t o r flowsheet were based on l a b o r a t o r y testwork. The conceptual m i l l 
d esign had an annual throughput of 2,000,000 tonnes that would approximately p r o 
duce 45,000 and 250,000 tonnes of l e a d and z i n c c o n c e n t r a t e r e s p e c t i v e l y . De
t a i l e d s t u d i e s of concentrate t r a n s p o r t a t i o n , power supply and o p e r a t i n g c o s t s 
were a l s o i n c l u d e d i n t h i s e v a l u a t i o n . T o t a l p r e - p r o d u c t i o n c a p i t a l c o s t s were 
est i m a t e d at $416 m i l l i o n i n 1982 d o l l a r s . 

R e s u l t s of t h i s economic study r e s u l t e d i n a p l a n f o r a two year program of under
ground e x p l o r a t i o n , t e s t s t o p i n g and m e t a l l u r g i c a l t e s t i n g t h a t would p r o v i d e a 
b a s i s f o r a f e a s i b i l i t y study. I n i t i a t i o n of a three k i l o m e t e r , 4 x 3.5 meter 
e x p l o r a t i o n a d i t to provide d i r e c t access to the d e p o s i t was proposed i n 1983. 
This a d i t , c o l l a r e d at 1,500 meters, would a l s o be used as an i n t e g r a l p a r t of the 
u l t i m a t e mine development, p r o v i d i n g a l t e r n a t e access, a i r r e t u r n , as w e l l as 
equipment and s a f e t y routes that would be l i n k e d to the main p r o d u c t i o n a d i t c o l 
l a r e d at 1,200 meters. 

The l o g i s t i c a l base to support the underground program, which i n c l u d e d purchase 
of a 50-man camp, road maintenance equipment, s t e e l b r i d g e s and a s a w m i l l ; cons
t r u c t i o n of 87 k i l o m e t e r s of a l l - w e a t h e r g r a v e l road t o w i t h i n 300 meters of the 
proposed e x p l o r a t i o n p o r t a l s i t e and completion of the Finbow a i r s t r i p t o accom
modate h e r c u l e s a i r c r a f t , i s now i n p l a c e . C o n s t r u c t i o n of the i n i t i a l e x p l o r a 
t i o n a d i t i s now contingent on the p o t e n t i a l r e serve to be d e f i n e d i n the South 
Cirque Deposit. 
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South Cirque Deposit 

The 1982 deep d r i l l i n g program, based on g e o l o g i c a l i n t e r p r e t a t i o n , was s u c c e s s f u l 
i n d i s c o v e r y of an a d d i t i o n a l b a r i t e - s u l p h i d e body termed the South Cirque Depo
s i t . This d e p o s i t , i n t e r s e c t e d by seven d r i l l h o l es along three c o n s t r u c t e d c r o s s 
s e c t i o n s , has been o u t l i n e d over a length of 700 meters, a width up to 250 meters 
and a t h i c k n e s s of 2 to 30 meters. M i n e r a l i z a t i o n encountered to date i s s i m i l a r 
t o p y r i t i c and b a r i t i c f a c i e s found i n the Cirque Deposit. The p y r i t i c f a c i e s , 
averaging 11 to 17% combined l e a d - z i n c w i t h 50 - 60 grams per tonne s i l v e r , consis-
t a n t l y occurs at the base of the d e p o s i t . The b a r i t i c f a c i e s averages 6 to 9% 
combined l e a d - z i n c w i t h 20 t o 34 grams per tonne s i l v e r . 

P o t e n t i a l f o r a d d i t i o n a l r e s e r v e s i n the South Cirque area l i e s updip to the east 
as supported by l e a d - z i n c r a t i o s and trends of the ore-host rock f a c i e s . An order 
of magnitude c a l c u l a t i o n i n d i c a t e s a p o t e n t i a l resource of 10 m i l l i o n tonnes. 
C o n t i n u i t y and t h i c k n e s s of m i n e r a l i z a t i o n o u t l i n e d so f a r would suggest the 
South Cirque Deposit has a p o t e n t i a l reserve of approximately 20 m i l l i o n tonnes. 

Continued s u r f a c e d r i l l i n g i s r e q u i r e d to o u t l i n e the p o t e n t i a l s i z e and d i s t r i b u 
t i o n of ore f a c i e s p r i o r to i n i t i a t i o n of an underground e x p l o r a t i o n phase. The 
optimum development scheme and t i m i n g of e i t h e r the 1,500 or 1,200 meter a d i t i s 
c o n t ingent on the p o t e n t i a l impact of a South Cirque high grade zone added to the 
e x i s t i n g r e serves of the Cirque D e p o s i t . The South Cirque Deposit occurs at an 
e l e v a t i o n between 900 and 1,200 meters, d i r e c t l y below the proposed route of the 
1,200 l e v e l p r o d u c t i o n a d i t . The p o s i t i o n of t h i s a d i t i s i d e a l f o r f u r t h e r r e 
serve d e f i n i t i o n upon completion of the s u r f a c e program. 

Narrow, high-grade s u l p h i d e m i n e r a l i z a t i o n a s s o c i a t e d w i t h the f o o t w a l l s i l t s t o n e 
b r e c c i a , grading from 10 t o 427o combined l e a d - z i n c , has been i n t e r s e c t e d west of 
the South Cirque D e p o s i t . Although tonnage p o t e n t i a l appears l i m i t e d , the grade 
encountered makes i t a t t r a c t i v e f o r continued e x p l o r a t i o n . 
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DISTRICT POTENTIAL 

Discovery of the South Cirque Deposit has i n c r e a s e d the resource of p o t e n t i a l l y 
economic m i n e r a l i z a t i o n i n the Akie D i s t r i c t to 60 m i l l i o n tonnes, averaging 10% 
combined l e a d - z i n c . This new zone supports past p r e d i c t i v e g e o l o g i c a l m o d e l l i n g 
i n d i c a t i n g the presence of s e v e r a l sub-basins w i t h a s s o c i a t e d b a r i t e - s u l p h i d e s 
on the Cirque p r o p e r t y . F u r t h e r reserve p o t e n t i a l e x i s t s both to the south and 
west of the Cirque - South Cirque t r e n d . 

An i n t e r s e c t i o n of s u l p h i d e m i n e r a l i z a t i o n w i t h s p o r a d i c l e a d - z i n c v a l u e s , roughly 
200 meters down-dip from s u r f a c e b a r i t e m i n e r a l i z a t i o n , i n d i c a t e s the presence 
of an a d d i t i o n a l deposit on the Fluke c l a i m s . T h i s m i n e r a l i z a t i o n , c o n s i s t i n g 
of narrow s u l p h i d e i n t e r v a l s throughout a 20-meter s e c t i o n of s i l t s t o n e b r e c c i a , 
i s i d e n t i c a l to the g e o l o g i c a l s e t t i n g of the South Cirque Deposit. The presence 
of m i n e r a l i z a t i o n i n l i t h o l o g i e s i n d i c a t i n g sub-basin development on the Fluke 
supports the e x i s t e n c e of another deposit that may add a s i g n i f i c a n t r e serve t o 
the d i s t r i c t . 

Narrow, high-grade, s t e e p l y d i p p i n g b a r i t e - s u l p h i d e m i n e r a l i z a t i o n on the E l f has 
been t r a c e d f o r 800 meters along s t r i k e and 600 meters down-dip. Although only 
a l i m i t e d tonnage has been o u t l i n e d t o date, there i s p o t e n t i a l f o r t h i c k e n i n g 
to the south along the overturned limb of a northwest t r e n d i n g a n t i c l i n e . Poten
t i a l f o r a d d i t i o n a l d e p o s i t s i s e x c e l l e n t , as only one k i l o m e t e r of an e i g h t k i l o 
meter h o r i z o n of favourable host rock, w i t h a s s o c i a t e d l e a d - z i n c anomalies, has 
been t e s t e d . Surface exposures are s i m i l a r to the host u n i t s on the Cirque p r o 
p e r t y subcropping up-dip from the South Cirque D e p o s i t . 

An a d d i t i o n a l b a r i t e - s u l p h i d e d e p o s i t on Mt. A l c o c k remains w i t h i n Kwadacha 
Wilderness Park, t o which boundary change would be s u b j e c t t o a l e g i s l a t i v e 
d e c i s i o n . 

The d i s c o v e r y of the South Cirque Deposit and s p a t i a l a s s o c i a t i o n of s i m i l a r geolo 
g i c environments w i t h known m i n e r a l i z a t i o n supports the r e a l i t y of a major z i n c -
l e a d - s i l v e r d i s t r i c t , w i t h e x c e l l e n t p o t e n t i a l f o r a d d i t i o n a l r e s e r v e s . 
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PROPOSED 1983 PROGRAM AND FUTURE DEVELOPMENT 

D e f i n i t i o n of the South Cirque Deposit i s e s s e n t i a l p r i o r to completion of an 
economic e v a l u a t i o n of the p r o p e r t y and i n i t i a t i o n of an underground e x p l o r a t i o n 
and development program. The p o s i t i o n of the i n i t i a l a d i t i s contingent upon the 
tonnage and grade of t h i s new d e p o s i t . 

A minimum of ten h o l e s , at an a n t i c i p a t e d cost of $2 m i l l i o n , i s r e q u i r e d i n 1983 
to c r u d e l y d e f i n e the reserve p o t e n t i a l of t h i s d e p o s i t . 

The above d r i l l i n g program should enhance the v i a b i l i t y by i d e n t i f y i n g and develo 
p i n g h i g h e r grade r e s e r v e s . The ongoing Cirque development schedule i n c l u d e s a 
two year underground program to prov i d e d i r e c t access to the deposit f o r r a p i d 
d e l i n e a t i o n by underground d r i l l i n g and t e s t s t o p i n g t o determine mining methods. 
The c o n f i g u r a t i o n of a d i t s w i l l a l s o form an i n t e g r a l p a r t of the u l t i m a t e mine 
development. 

The optimum schedule f o r the development of the Cirque property i n c l u d e s o v e r l a p 
p i n g schedules f o r a d i t , power l i n e , government permits and m i n e - m i l l development 
While not e n t i r e l y interdependent, the i n d i v i d u a l schedule f o r the e x p l o r a t i o n 
a d i t o b v i o u s l y a f f e c t s a l l o t h e r s . At the c o n c l u s i o n of the proposed two year 
underground program i n 1984/85, a l l a v a i l a b l e data would be i n hand t o c a r r y out 
a f i n a l f e a s i b i l i t y on the p r o j e c t . 

The t o t a l cost of the proposed work t o achieve f i n a l f e a s i b i l i t y i s $25 m i l l i o n 
over three t o four y e a r s . 
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A B S T R A C T 

This report describes the Cyprus Anvil lead/zinc/silver mine-mill 
complex located at Faro, Yukon Territory. 

The Faro mine i s one of the world's largest producing 
lead/zinc/silver mines* In 1981 Cyprus Anvil Mining Corporation produced 
concentrates containing metal valued at $167 million, which i s equivalent to 
40 percent of the Yukon's direct revenue. The bulk of the concentrate i s 
exported to Japan under long-term contracts with Toho Zinc and Mitsui Mining 
and Smelting. In 1981 Cyprus Anvil supplied about 402 of lead and 202 of 
zinc imported by Japan. 

As of January, 1982 geologic reserves were estimated to be 95 
million tonnes, and mineable ore reserves were estimated to be 78 million 
tonne8. D r i l l i n g programs planned in 1982 and 1983 are expected to increase 
both categories of reserves at the Faro, Vangorda and Grum deposits. There 
i s a high probability that several additional deposits w i l l be discovered 
between the Faro and the Sea deposits. A twenty-five year development plan 
has been established to exploit these reserves. 



TABLE I 

ANVIL DISTRICT GEOLOGICAL RESERVES AND GRADE 
(82/01/01) 

DEPOSIT GEOLOGIC GRADE  
RESERVES Lead Zinc Silver 

(000 Tonnes) 2_ Z_ g/mt 

FARO 34,000 3.0 4.6 35 

GRUM 31,000 3.1 4.9 49 

VANGORDA 

DY 

5,000 

20,000 

3.3 

5.7 

4.3 

7.0 

48 

82 

SWIM 5.000 3.8 4.7 42 

TOTAL 95,000 
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I N T R O D U C T I O N 

The mining and milling f a c i l i t i e s of Cyprus Anvil are located near 
Faro, in the south central portion of the Yukon Territory, Canada. Faro, 
the second largest town i n the Yukon, has a population of 2,000 and was 
b u i l t by the company to accommodate mine employees and their families. The 
town i s served daily by a scheduled a i r l i n e and i s connected by an 
all-weather highway to Whitehorse, the capital of the Yukon. 

On Ap r i l 1, 1982, the company employed 650 people at Faro and 32 at 
i t s head office in Vancouver. 

The m i l l had an original design capacity of 4,500 tonnes per day. 
The operation has been expanded three times to i t s current daily planned 
capacity of 9,300 tonnes. It i s expected that this level of operation can 
be maintained for a period in excess of 25 years. 

The Whitepa8s and Yukon Railway Corporation transports the metal 
concentrates from Faro to Whitehorse by truck and then by r a i l to the ocean 
port of Skagway, Alaska. 

Most of the concentrates are sold under long-term sales contracts 
to Mitsui Mining and Smelting Company Limited and Toho Zinc Company Limited 
of Japan. The remaining portion of the concentrates i s sold on the spot 
market• 
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H I S T O R Y 

Cyprus Anvil Mining Corporation, a Canadian mining company, was 
recently acquired by Hudson's Bay Oil & Gas and i s now part of Dome 
Petroleum Limited. The Company was incorporated i n 1965 as a British 
Columbia company, Anvil Mining Corporation Limited, owned 60Z by Cyprus 
Mines Corporation of Los Angeles and 40Z by Dynasty Explorations Limited of 
Vancouver. The mine and m i l l located near Faro, Yukon commenced production 
i n late 1969. 

In 1975 the mining operational experience of Anvil and the Yukon 
exploration expertise of Dynasty were combined to form Cyprus Anvil Mining 
Corporation. This new corporation was formed to explore, acquire and 
develop mineral resources and thereby extend operations beyond the remaining 
l i f e of the Faro orebodies. 

Cyprus Mines merged in 1979 with Standard O i l of Indiana. Through 
this merger Standard O i l acquired 63Z ownership of Cyprus Anvil Mining 
Corporation. In early 1981 Standard O i l placed their interest i n Cyprus 
Anvil up for sale. Hudson's Bay O i l & Gas paid i345 million for Standard 
Oil'8 and the remaining minority shareholders' interest. The entire 
ownership of Cyprus Anvil Mining Corporation has since been acquired by Dome 
Petroleum Limited through the purchase of Hudson's Bay O i l & Gas. 
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F A R O D E P O S I T 

The Faro Deposit i s a strataform, stratabound massive sulphide ore 
body approximately 1,350 metres by 700 metres with a gentle dip to the 
southeast. Additional mineralisation has been indicated by widely spaced 
holes down dip from current p i t limits. D r i l l i n g to prove up this 
additional mineralization i s planned for 1982 and 1983. This reserve may be 
mineable by open pit methods. 

ORE RESERVES 
(82/01/01) 

Nature of Reserves Tonnes X Pb 2 Zn Ag (gms/DMT) 
(Million) 

Mineable-open p i t * 27.8 2.9 4.3 36 

Stockpile 2.4 2.9 4.7 38 

Mineable-underground — — — 

Total Mineable Reserves* 30.2 

Additional Reserves 4.1 

Estimated Mineable Reserves 34.3 

* 5Z dilution included 
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G R U M D E P O S I T 

The Grum D e p o s i t , l o c a t e d a p p r o x i m a t e l y 14 k i l o m e t r e s f r o m t h e F a r o 

m i n e s i t e , c o n s i s t s o f two s u l f i d e h o r i z o n s w h i c h a r e s t r u c t u r a l l y 

c o m p l i c a t e d b y s u c c e s s i v e f o l d d e f o r m a t i o n and f a u l t i n g . 

Grum was . » d i s c o v e r e d i n 1 9 7 3 , by A . E . X . S y n d i c a t e . P r i o r t o t h e 

a c q u i s i t i o n o f t h e p r o p e r t y i n 1979 by C y p r u s A n v i l , more t h a n 4 1 , 0 0 0 m e t r e s 

o f s u r f a c e d i amond d r i l l i n g , a 2 , 9 0 0 m e t r e e x p l o r a t i o n d e c l i n e , 1 5 , 0 0 0 

m e t r e s o f u n d e r g r o u n d d i a m o n d d r i l l i n g , b u l k s a m p l i n g a n d m e t a l l u r g i c a l 

p i l o t p l a n t t e s t i n g o f t h e o r e h a d b e e n d o n e . C y p r u s A n v i l ha s d i amond 

d r i l l e d a n a d d i t i o n a l 6 , 3 0 0 m e t r e s t o d e f i n e t h e s t r u c t u r e o f t h e d e p o s i t . 

The 1 9 8 2 , 1983 e x p l o r a t i o n p r o g r a m i n c l u d e s d r i l l i n g t o t h e e a s t o f 

t h e Grum p i t t o t e s t f o r g e o l o g i c a l l y i n f e r r e d r e s e r v e s . C y p r u s A n v i l 

g e o l o g i s t s e x p e c t 5 m i l l i o n t o n n e s o f h i g h g r a d e o r e t o be f o u n d . S o u t h o f 

t h e Grum p i t i n t h e Champ z o n e t h e r e i s 1.5 m i l l i o n t o n n e s o f 

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

ORE RESERVES 
( 8 2 / 0 1 / 0 1 ) 

N a t u r e o f R e s e r v e s Tonnes % Pb X Zn A g (gms/DMT) 

( M i l l i o n ) 

M i n e a b l e - o p e n p i t * 1 6 . 8 3 . 0 4 . 9 47 

M i n e a b l e - u n d e r g r o u n d 1 1 . 0 3 . 0 4 . 9 47 

T o t a l m i n e a b l e r e s e r v e s 2 7 . 8 

A d d i t i o n a l R e s e r v e s 6 . 5 

E s t i m a t e d M i n e a b l e R e s e r v e s 3 4 . 3 

* 6% d i l u t i o n i n c l u d e d 
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V A N G O R D A D E P O S I T 

The Vangorda Deposit, the f i r s t mineral deposit found in the Anvil 
d i s t r i c t , was discovered i n 1953. It i s adjacent to the Grum and i s 
situated approximately 16 kilometres from the minesite. Definition diamond 
d r i l l i n g was done i n 1954 and 1955 by a subsidiary of Kerr Addison Mines Ltd. 

D r i l l i n g was continued in 1979 by Cyprus Anvil and provided the 
basis for a new geological model. The 1979 d r i l l i n g program consisted of 63 
holes, representing 10,500 metres of d r i l l core. An additional 2,900 
metres were d r i l l e d i n 1980 and 1981. 

The additional reserves of 1.5 million tonnes are d r i l l indicated 
but have been excluded from mineable reserves due to poor core recovery and 
d i f f i c u l t i e s i n data interpretation. During 1982, the data on this tonnage 
w i l l be recompiled and further recommendations made. 

ORE RESERVES 
(82/01/01) 

Nature of Reserves 

Mineable-open p i t * 

Mineable-underground 

Total Mineable Reserves 

Additional Reserves 

Estimated Mineable Reserves 

* 5Z dilution 

Tonnes Z Pb Z Zn Ag (gms/DMT) 
(Million) 

4.5 3.3 4.3 47 

4.5 

1.5 

6.0 

- 9 -



DY D E P O S I T 

The Dy deposit i s located 19 kilometres east of the Faro minesite 
and adjacent to the Vangorda deposit. Cyprus Anvil geologists discovered 
the deposit i n 1976 as a result of detailed structural and lithologic 
mapping. The deposit has been defined during the past three years by 36,000 
metres of diamond d r i l l i n g . The mineralization occurs in two horizons, i s 
folded and varies in depths, from 650 to 900 metres. 

Due to the high cost of d r i l l i n g this deep deposit, i t i s proposed 
that follow-up exploration be from underground by sinking an exploration 
shaft. 

ORE RESERVES 
(82/01/01) 

Nature of Reserves Tonnes I Pb X Zn Ag (gms/DMT) 
(Million) 

Mineable-open p i t — — 

Mineable-underground 15.0 5.7 7.0 82 

Total mineable reserves 15.0 
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G E O L O G I C A L PO T E N T I A L 

The complex deformational history and widespread favourable 
stratigraphy suggests a high probability that several additional deposits 
w i l l be discovered within the 40 kilometres zone between the current Faro 
open pit and the Sea deposit. 

The area has strong geological promise beyond the reserve potential 
described i n previous sections. Drill-inferred reserves exist between the 
Grum deposit and Firth showing. The most promising locations for finding 
deposits similiar to the Dy i s i n the region between the Faro and Grum 
deposits, i n the Blind Creek area, and immediately east of the Swim 
deposit. Additional d r i l l i n g i s also required to evaluate a sulphide sheet 
deposit underlying Swim Lake. 

Consequently, i t i s reasonable to expect between 30 and 70 million tonnes of 
ore grade lead zinc mineralization with recoverable values i n gold, and 
silver w i l l be discovered. 
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D E V E L O P M E N T 

Development Plan 

The Anvil d i s t r i c t development plan i s predicated upon the 
sequential mining of the various ore bodies. 

The m i l l w i l l treat ore at the current 3.4 million D.M.T./year 
un t i l 1985 when throughput w i l l be increased 20Z. Modifications to the 
primary crushing c i r c u i t w i l l provide for this increase i n milling rate. 
Production of ore from the Faro p i t w i l l increase as the p i t matures and the 
stripping ratio drops. 

Present Faro ore reserves are scheduled to be depleted during 1991 
and are to be replaced with ore from the Vangorda and Grum deposits. In 
order to assure continuity of ore supply to the concentrator, preproduction 
development of the Grum and Vangorda deposits i s scheduled to commence in 
1986 with engineering and design costs for the construction of the overland 
conveyor. 

The Dy deposit preproduction development i s scheduled to begin in 
1989 with the sinking of a shaft. This shaft w i l l provide access to the Dy 
orebody allowing underground exploration diamond d r i l l i n g , test stoping and 
development. During the latter half of 1991 a decline w i l l be driven from 
the bottom of the Vangorda p i t to provide production access to the Dy 
orebody• 

Concentrator 

The Anvil concentrator i s designed along conventional crushing, 
grinding, d i f f e r e n t i a l flotation and dewatering methods. 
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The design of the primary and secondary crushing plants has 
remained unchanged since the commencement of operations i n 1969, though the 
m i l l feed rate and concentrator capacity has been increased 3 times during 
this period. Crushing capacity can be increased above the present 10,300 
dry metric tonnes per day with modifications. 

The grinding c i r c u i t was modified substantially during 1980 and 
1981 to allow milling of ores containing finely disseminated 
mineralisation. The grinding ci r c u i t s now have the capacity to m i l l a l l 
known ores at a daily throughput of 11,200 D.M.T./day. 

The capacity of the flotation c i r c u i t was also increased during the 
recent modifications to provide increased retention time in the c i r c u i t as 
is required with the finer grinds of sulfides. Instrumentation systems, 
including an on-stream process pulp analyser were installed. 

The thickening capabilities were increased to re f l e c t the slower 
settling rate8 of the finer concentrates. The four original disc f i l t e r s 
were replaced with larger diameter machines and an additional f i l t e r 
installed. Materials handling systems were improved and concentrate stock 
tanks installed, to improve the efficiency of the five rotary k i l n dryers. 

The tailings impoundment f a c i l i t y was expanded significantly i n 1980 and 
1981 to provide the additional retention time as required by the finer 
grind. The new f a c i l i t i e s w i l l require periodic increases i n dam 
elevations, and w i l l assure compliance with a l l current legislation. 

E l e c t r i c a l 

The Northern Canada Power Commission (N.C.P.C.) supplies electrical 
power to Faro through a 370 kilometre, 138 KV transmission li n e . The 
installation of a new hydro-electric turbine i s scheduled to be complete by 
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year end 1983 at which tine N.C.P.C. w i l l have a total generating capability 
of approximately 100 M.W. Further hydro-electric development i n the Yukon 
i f a distinct p o s s i b i l i t y and studies are underway to define this 
potential. Transmission line capacities inhibit N.C.P.C.'s a b i l i t y to 
satisfy a l l of the Cyprus Anvil's power requirements. However, N.C.P.C. 
w i l l i n s t a l l sufficient onsite generating capacity to provide for a l l future 
requirements. 

Ore Haulage 

Various ore haulage systems have been examined to determine the 
most dependable and cost-efficient means of transporting ore from the 
Vangorda Plateau to the existing m i l l site, a distance of approximately 15 
kilometres. The alternative systems considered included 

a) off-highway trucks 

b) highway trucks 

c) a railroad 

d) an overland conveyor 

The overland conveyor system was selected to be best suited for the 
application. Capital and operating costs w i l l include a conveyor, a crusher 
at the Vangorda Plateau and appropriate stockpiling f a c i l i t i e s at each end 
of the conveyor. 

14 -



TABLE II 

ANVIL AREA - LONG TERM DEVELOPMENT PLAN 
(THOUSANDS OF TONNES) 

FARO VANGORDA GRUM DY NEW DEPOSIT TOTAL 
YEAR ORE CONC ORE CONC ORE CONC ORE CONC ORE CONC ORE CONC 

1982 3,392 369 3, .392 369 
1983 3,395 352 3 ,395 352 
1984 3,495 358 3, ,496 358 
1985 4,073 419 4 ,073 419 
1986 4,073 476 4, ,073 476 
1987 4,073 505 4 ,073 505 
1988 4,085 516 4 ,085 516 
1989 4,073 474 4 ,073 474 
1990 4,073 434 4 ,073 4 3 4 

1991 69 8 4,004 473 4 ,073 481 
1992 2,018 176 2,055 261 4, ,073 437 
1 9 9 3 4,073 518 4 ,073 518 
1994 4,073 518 4 ,073 518 
1995 4,073 470 4 ,073 470 
1996 4,073 470 4 ,073 470 
1997 3,268 362 700 127 3 ,968 490 
1998 1,760 185 1,550 282 3 ,310 467 
1999 1,500 272 1,250 227 2 ,750 499 
2000 1,500 272 1,250 227 2 ,750 499 
2001 1,500 272 1,250 227 2 ,750 499 
2002 1,500 272 1,250 227 2 ,750 499 
2003 1,500 272 1,250 227 2 ,750 499 
2004 1,500 272 1,250 227 2 ,750 499 
2005 1,250 227 1,500 272 2 ,750 499 
2006 1,250 ,227 1,500 272 2, ,750 499 
2007 1,250 227 1,500 272 2 ,750 499 

TOTAL 34,802 3,908 6,022 649 23,375 2,784 15,000 2,721 12,000 2,178 91,199 12,241 
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CYPRUS ANVIL 

OPERATING S T A T I S T I C S 

1970 1971 1972 

O r e M i l l e d ( o o o DMT) 1779 2 4 2 5 2 6 3 6 

M e t a l P r o d u c e d 

L e a d (MM l b s . ) 

Z i n c {MM l b s . ) 

A v e r a g e P r i c e 

L e a d U . S . $ / 1 b . 

Z i n c U . S . $ / l b . 

120 204 212 

139 211 2 1 9 

2 5 9 4 1 5 431 

. 1 3 . 1 2 . 1 4 

. 1 3 . 1 6 . 1 8 

1973 1974 1975 1976 1977 1978 1979 1 9 8 0 1981 
2 6 3 0 2654 2 9 2 6 1520 3116 3 2 8 0 2 8 2 3 2 8 2 5 2757 

2 2 3 206 2 0 9 6 8 148 181 160 142 128 
2 3 6 2 0 8 231 121 225 247 221 181 184 
4 5 9 414 4 4 0 189 3 7 3 4 2 8 3 8 0 3 2 3 3 1 3 

. 2 0 . 2 6 . 1 9 . 2 0 . 3 0 . 3 4 . 6 2 . 4 8 . 4 0 

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



CYPRUS AMTIL Ml Ml WO CORPORATION  
CASM COST 1 CONVERSION STATISTICS ASSUMING PRODUCTION SOLD AS PROOUCED 

Canadian SOOO 

1970 1971 1972 1973 1974 1973 1976 1977 1978 1979 1980 1981 

Production Oapartaont Costs 

Magna and Payroll Bonaflts 3,923 4,471 4,406 4,812 6,133 8,787 3,394 10,969 12,611 13,336 17,634 29,369 
Po««r 931 963 1,147 1,263 1,861 2,291 1,979 3,339 3,837 3,629 4,270 6,939 
Supsllna - Mlna/Machanleal 2,978 3,602 3,930 3.692 3,661 7,249 9,489 9,129 12,644 12,976 16,997 23,763 

- Ml 11Ing 3,703 3,937 4,980 3,071 6,677 9,931 9,898 10,671 11,146 11,132 12,786 12.240 
Total 11,137 . 12,993 14,063 14,798 20,932 27,898 16,332 34,100 40,436 41,271 93,249 67,909 

Sanaral A Adalnlstrotlva 

Labour - Faro 689 709 701 733 963 1,224 961 1,667 2,026 2,938 3.933 9,048 
- H.O. 129 188 174 231 177 344 440 707 704 1,036 2,982 2,737 

Saaallas 4 Sarvlcas - Toanslto 996 821 631 974 1,428 1,767 2,433 3,081 2,848 3,883 9,079 6,917 
- Mlaaslta 600 668 749 1,090 1,473 2,396 2,281 2,386 2,260 3,230 9,288 6,476 
- H.O. 204 396 301 439 414 729 816 1,014 1,046 2.387 1,323 1,990 

Total 2,616 2,678 2,936 3,467 4,499 6,416 6,931 9,033 8,886 13,364 18,203 22,788 

6,197 9,733 9,986 11,129 10,609 14,231 7,268 14,432 16,364 17,831 17,646 20,983 

Conversion - 2,996 1,962 3,389 4,212 4,333 2,016 3,420 3,791 8,478 9,364 9,849 
Troataont Charge - 17,813 23,237 37,093 91,103 90,169 24,332 32,323 68,462 71,936 39,281 93,089 
Total 13,970 20,409 23,199 40,484 99,317 94,720 26,348 33,749 74,233 80,414 68,649 62,930 

TOTAL OPERATING COSTS 33,922 43,633 91,804 69,874 91,109 103,229 98,699 133,332 139,941 192,880 197,749 174,610 

Pb* and Zn. 36,409 37,694 66,826 100,919 123,427 126,309 96,790 122,736 142,189 192,211 149,313 143,683 
Ag. and Aa 2,738 3,630 3,906 6,929 11,443 11,303 2,773 3,931 11.946 17,288 39,931 23,772 

Total 39,143 61,924 70,734 107,048 136,670 137,612 39,363 128,667 193,731 209,499 200,646 167,639 
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S A L E S C O N T R A C T S S U M M A R Y 

Two major sales agreements are i n effect with two Japanese customers: 
Toho Zinc Co. Ltd., and Mitsui Mining & Smelting Co. Ltd. The main points 
of the sales contracts are summarized below: 

1. Parties 

The terms of the agreements are identical in almost a l l respects; there 
are differences i n lead treatment charges and delivery port nominations. 

2. Product and Specifications 

The agreements provide for the sale and delivery of lead and zinc 
concentrates with chemical and moisture specifications. 

3. Term 

The agreements cover a six year period commencing January 1, 1978 and 
ending December 31, 1983. 

4. Quantities 

The contractual quantities for 1982 - 83 are presented as follows, 
expressed i n dry metric tons: 

Company Lead Cone. Zinc Cone. 

Toho Zinc 67,000 ' 134,000 
Mitsui Mining & Smelting 38,000 76,000 

Total 105.000 210.000 

In 1981 actual deliveries to Japan represented approximately 85 percent 
of total concentrate production. 
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5. Shipment and Delivery 

Concentrates are delivered to Skagvay, Alaska C and F Japan. Cyprus 
Anvil i s responsible for the arranging and bears the cost of ocean freight. 

6. Price 

Cyprus Anvil i s paid for the contained metal i n the concentrates less 
certain deductions or treatment charges as levied by the smelting company. 

The terms and conditions of sales concentrate generally reflect 
prevailing market conditions and h i s t o r i c a l relationships. 

7. Weighing, Sampling & Moisture Determination 

Final vet weights and sampling on concentrate shipments i s performed at 
the smelters. A l l costs associated with such services are for the Buyers' 
account with the Seller entitled to representation at i t s expense. 

8.,Title, Risk of Loss, Insurance 

Legal t i t l e to cargo and risk of loss passes to Buyer only after the 
ship ha8 l e f t United States T e r r i t o r i a l waters, as defined by United States 
law. Buyer arranges insurance at his own expense. 

9. Payment 

A l l payments are made in United States dollars. 
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10. Governing Lav 

The lav of the Yukon Territory govern and control the agreement. 

The above constitute the major contractual terms and conditions of the 
Japanese contracts. Contracts arising from spot market sales of concentrate 
follov basically the same general format. 
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T E C H N I C A L P A P E R 

The a t t a c h e d t e c h n i c a l p a p e r was* p r e s e n t e d b e f o r e t h e C a n a d i a n 

I n s t i t u t e o f M i n i n g and M e t a l l u r g y i n 1 9 7 8 . D u r i n g 1980 a n d 1 9 8 1 , t h e 

c o n c e n t r a t o r was e x t e n s i v e l y m o d i f i e d t o accommodate t h e m i l l i n g o f 

n e w l y a c q u i r e d o r e s e x h i b i t i n g f i n e l y d i s s e m i n a t e d m i n e r a l i z a t i o n . 

Thus t h e i n s t a l l e d g r i n d i n g c a p a b i l i t i e s we re more t h a n d o u b l e d t o 

a c h i e v e t h e r e q u i r e d p h y s i c a l l i b e r a t i o n o f l e a d a n d z i n c f r o m g a l e n a 

and s p h a l e r i t e . 

N o t w i t h s t a n d i n g r e c e n t m o d i f i c a t i o n t o p r o c e s s t h e f i n e r g r a i n e d 

o r e s , t h e b a s i c d e s i g n and c o n c e n t r a t o r f l o w s h e e t s r e m a i n v i r t u a l l y 

unchanged a s p u b l i s h e d i n t h e appended p a p e r . 
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METALLURGY 

Current Operating Practice 

A t the Cyprus A n v i l Concentrator 
W. N. Wallinger, General Mill Superintendent. 
Cyprus Anvil Mining Corporation, 
Faro. Yukon Territory 

Abstract 
The mine and concentrator of Cyprus Anvil Mining Corpora

tion are situated in south-central Yukon, some 120 mites 
north of Whitehorse. 

The large lead-zinc concentrator employs conventional 
crushing and grinding, followed by differential flotation, to 
produce selective lead and zinc concentrates, as well as 
a mixed lead-zinc (bulk) concentrate. 

Since the commencement of operations In 1969, the 
concentrator has undergone expansions end modifications 
which have increased the capacity to 10,000 tons per day, 
and afforded some metallurgical Improvements. 

History 
T H E H U G E F a r o N u m b e r One orebody was dis
covered in m i d 1965. T h e decision to put the mine 
into production was made i n A u g u s t , 1967. 

T h e F a r o N u m b e r One orebody or ig ina l ly contained 
about 60 mi l l ion tons of massive sulphide ore at a n 
average grade of 3.4% lead, 5.7% zinc, 30% i r o n and 
1.2 02/ton s i lver. T h e average specif ic grav i ty is 4.16. 

In i t ia l operation of the concentrator, at 5,500 tons 
per day, began in September, 1969. A n expansion of 
the concentrator to increase capacity to 6,600 tons per 
day and to al low the production of mixed lead-zinc 
(bulk) concentrates was completed i n 1970. 

A second expansion of the concentrator, to increase 
capacity to 10,000 tons per day, was undertaken in 
1973. T h e new ter t ia ry g r i n d i n g and rougher-scav
enger f lotation sections went on-stream in December, 
1973. F i n a l modi f icat ions to the cleaner f lotat ion 
sections were completed by m i d 1974. 

Will iam N . Wallinger was born and 
educated in British Columbia, and 
began his career in mining with 
Cominco Limited as an assayer. 
During the nearly twenty years spent 
with the Cominco organization, he 
served in technical and supervisory 
capacities at the Sullivan and Blue
bell concentrators in British Colum
bia, Pine Point In the Northwest 
Territories and Cominco Potash in 
Saskatchewan. 

Joining Cyprus Anvi l Mining Corporation in 1970 as 
assistant mill superintendent, Mr . VVallinger progressed to 
his present position of general mill superintendent with 
over-all responsibility for the production, metallurgy and 
maintenance of the Cyprus Anv i l concentrator. 

Keywords: Cyprus Anvi l mine, Mil l ing, Crushing, Grind
ing, Concentrators, Classifying, Scavenging, Roughing, 
Thickening. 

Equipment and Operation 
PRIMARY C R U S H I N G 

Ore is hauled f r o m the open p i t to the crusher in 
120-ton trucks d u r i n g two shi f ts per day, seven days 
a week. T h e 54- by 74-ft A l l i s -Cha lmers gyra tory 
crusher reduces the ore to - 6 in . T r u c k d u m p i n g and 
circuit operation are remotely controlled (since early 
1976) f r o m the Secondary Crusher Control Room. 

The crusher d ischarge drops on to a variable-speed, 
60-in. Stephens-Adamson apron feeder and then to a 
42-in. belt conveyor which feeds two 6- by 16-ft Ty le r 
screens wi th 6- by 4-ft Tre l leborg rubber panels. 
M inus-%- in , mater ia l is conveyed direct ly to the f ine 
ore bins by a series of belt conveyors. 

The p r i m a r y screen oversize is conveyed to a coarse 
ore storage bu i ld ing w i t h a l ive capacity of 16,000 
tons. Ore is d ist r ibuted in the storage bui ld ing by a 
shuttle conveyor. Dust collection is accomplished with 
three Ducnn wet scrubbers. (See crusher flowsheet, 
F i g u r e 1.) 

FINE CRUSHING 
Ore is w i thdrawn f r o m the bottom of the coarse ore 

storage by act ivat ing an appropr iate number of the 
ten v i b r a t i n g C a r m a n feeders. T h r o u g h a system of 
belts, the ore is fed to the 7-ft Symons standard 
secondary crusher , set at 1»% 

T h e crusher discharges onto the 6- by 16-ft T y l e r 
secondary screen ( T y r o d deck) , w i t h the m i n u s - ^ - i n . 
mater ia l being conveyed to the f ine ore bins. T h e 
oversize ore f o r m s the feed to the two 7-ft Symons 
ahorthead ter t ia ry crushers, w i t h nomina l sett ings of 
% in . T h e te r t ia ry crushers discharge onto the ir 
respective 6- by 16-ft T y l e r screens w i t h Tre l leborg 
slotted rubber decks. Unders ize goes to the f ine ore 
bins and the oversize is recycled. 

A t r i p p e r car , on the f ine ore bins* feed belt, dis
tr ibutes the ore to the three c i rcu lar silos. D u s t 
collection equipment includes f o u r D u c o n wet 
scrubbers. 

Operat ion of both the p r i m a r y and secondary sec
t ion is car r ied out f r o m the secondary control room by 
one operator, who communicates by radio w i t h pit and 
mi l l supervisors. 

T h e c r u s h i n g operat ion is fac i l i tated by the use of 
eleven closed-circuit television cameras mounted at 
strategic points in the c ircuits . S i x television mon
itors are mounted in the control room. 

Per-cent-of-load meters on major motors and belt 
scale readouts supply addit ional operat ing in format ion . 

PRIMARY-SECONDARY GRINDING 
T h r o u g h p u t averages 10.000 short d ry tons per day. 

T h e pr imary-secondary g r i n d i n g section consists of 
three paral lel c i rcu i ts , each composed of one 9- by 
12-ft H a r d i n g e rod mi l l , one 9- by 12-ft H a r d i n g e ball 
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CYPRUS ANVIL MINING CORP 

FLOWSHEET — CRUSHING 

FIGURE 1—Cyprus Anvil Mlnfng Corporation flowsheet — crushing. 

mill, two 20-in. Krebs cyclones and two 10- by 8-in. 
SSL pumps. 

All rod and ball mills are driven by 450-hp syn
chronous motors through Fawick clutches. The rod 
mills rotate at 18.4 rpm or 72% critical speed, are 
lined with manganese-steel wave-type liners and are 
charged with 31/2-in.-diameter rods. 

Feed for each grinding circuit is stored in 40-ffc-
diameter cylindrical steel bins, each with a live capac
ity of some 1,700 tons. Ore is withdrawn from each 
bin by means of three slot feeders. The speed of one 
feeder under each bin is variable and is controlled on 
the basis of the rod mill feed belt weigh scale 
indication. 

To maximize tonnage through the primary and 
secondary grinding circuits, it was found necessary 
to carry abnormally high slurry densities. Cyclone feeds 
are frequently in excess of 75% solids; ball mill dis
charge densities average 87% solids. The ball mill 
circulating loads are generally in the 200% range. 
Make-up water to the rod mills is adjusted remotely 

to give an average discharge density of 85% solids. 
Ball mill discharge densities average 87% solids; 

circulating loads are generally in the 200% range. 
Bond work indices for primary-secondary grinding 
range from 8.5 to 9.5. 

TERTIARY GRINDING 

Equipment consists of one 18%- by 22-ft Allis-
Chalmers overflow ball mill in closed circuit with a 

TABLE 1 — Grinding Media Consumption 

3-14-in. grinding rod consumption O.SD lb/ton*of feed 

0.70 lb/ton of feed 

cluster of six 20-in. Krebs cyclones. The two cyclone 
feed pumps are 14 by 12 SRL's. 

The mill is driven by a 2500-hp motor through a 
Fawick air clutch at 15.08 rpm or 72% of critical 
speed. Liners are Skega rubber and media are 1%-in.-
diameter steel balls. Ball consumption averages ap
proximately 1.2 pounds per ton. 

The combined cyclone overflow from the primary-
secondary grinding circuits is laundered to the ter
tiary circuit, where it is joined by the lead scavenger 
concentrate. Circulating load is in the 300% range 
and the mill discharge density averages 82% solids. 

The Cyclopac overflow, at a normal density of 55% 
solids, flows by gravity to the lead flotation feed 
distributor 

The flotation feed grind averages about 70% -200 
mesh, but varies quite widely with changes in ore 
composition. 

Frequently, ore containing a large percentage of 
coarse-grained pyrite (up to 40% iron) will neces
sitate reducing the grinding circuit throughput in 



order to avoid 'sanding' in pipes, pumpboxes and 
.flotation cells. 

Bond work indices f o r ter t iary g r i n d i n g range f r o m 
10.0 to 14.0. 

A particle-size monitor, purchased and instal led in 
1973, has functioned only intermittent ly due to prob
lems with excessive wear and ' sand ing ' of the unit . 
M o d i f i c a t i o n of the uni t to reduce these problems is 
p lanned for the future. 

Regrinding 
T h e r e g r i n d section consists of three 9- by 12-ft 

H a r d i n g e overflow ball mil ls dr iven by 450-hp motors 
t h r o u g h F a w i c k a i r clutches at 20.4 r p m or 80% of 
c r i t i ca l speed. E a c h mi l l is i n closed c i r cu i t w i t h a 
cluster of six 10-in. K r e b s cyclones. 

A s described under the f lotat ion section, one re-

TABLE 2 — Comparison of Metallurgical Results by Year 

Lead Cone. Zinc Cone. Total Lead Total Zinc 
Year (55 Lead) <% Zinc) •Recovery {%) 'Recovery (%) 

1970... 66.2 <9.3 76.0 66.3 
1971... 67.1 49.8 82.7 70.3 
1972... 68.5 50.7 84.5 73.5 
1973... 66.5 51.1 84.3 77.3 
1974... 65.0 51.5 83.4 77.1 
1975... 66.9 50.8 85.8 80.1 
1976... 67.3 51.4 81.7 79.6 

•Recovery figures do not include lead m zinc concentrate or zmc in lead 
concentrate. 

g r ind mil l treats the lead f irst-cleaner feed, a second 
mi l l treats zinc f irst-cleaner feed and the th i rd mil l 
handles the zinc retreatment feed (f irst-cleaner 
ta i l ing) . 

T h e regr ind mil ls are l ined with Skega rubber and 
are charged with l V 2 - i n . steel balls. M e d i a consump
tion in the regr ind section is in the order of 0.4 
lb/ton of mi l l feed. 

FLOTATION 
It is a m a x i m that "the ores of the Y u k o n are h a r d 

won" , and the F a r o deposit is no exception. 

A g r ind of 70% -200 mesh is required f o r reason
able results on f lotation feed, followed by substantial 
r e g r i n d i n g in order to atta in concentrate grades. 

A l t h o u g h the ore treated to date has been f r o m a 
single pit , the composit ion varies widely on a day-
to-day basis. T h e pyrrhot i te content, in part icular , 
has a decided inf luence on metal lurgical results, wi th 
the h igher-pyrrhot i te ores be ing more refractory . 

Consequently, the pyr i te/pyrrhot i te rat io of the ore 
is analyzed on a dai ly basis and serves as an indicator 
of its amenabi l i ty to f lotat ion. 

The z inc minera l has a h i g h i ron content, w i t h a 
theoretical composit ion in the order of 6 Z n S ' F e S ; 
hence concentrate grades of 52% zinc are the max
i m u m normal ly attainable. 

S i lver is of great economic importance, w i t h ap
proximately 60% report ing to the lead concentrate, 
which assays in the order of 15 oz/ton. 

Init ia l p lant operation yielded metal lurgica l results 
that were considerably in fer ior to those predicted by 
the feas ib i l i ty study. T h i s led to considerable ef fort 
being expended in c i rcuit modif icat ions and reagent 
testing, w i t h l ittle change i n results. T h e commence
ment of bulk production, in the fa l l of 1970, d id not 
y ield the hoped-for improvement in metal lurgy. T h e 
largest single advance in metal lurgica l performance 
came i n 1971 when soda ash replaced l ime as the p H 
modi f ier on the lead c i rcu i t feed, g i v i n g s ign i f i cant 
gains in grade and recovery of both lead and zinc. 
T h e commiss ion ing of the fourth-stage zinc c leaning 
section in 1972 permitted the atta inment of a 51% 
zinc concentrate on a consistent basis. 

T h e increased g r i n d i n g and f lotat ion capacity pro
vided by the expansion, completed i n 1974, resulted in 
f u r t h e r meta l lurg ica l improvements. 

Some of the ore treated exhibits v a r y i n g degrees of 
oxidat ion, with , as expected, deleterious effects on the 
metal lurgy. T h e addit ion of 1.0 lb/ton of sodium 
sulphite, in conjuct ion w i t h above-normal soda ash, 
improves these results and has become standard op
erat ing practice for a n y part icu lar ly re f rac tory ore. 

D u r i n g 1975, a relatively new facet of ore dressing, 
oxygen demand measurement of pulp streams, was 
tested in the mil l . M o n i t o r i n g the oxygen demand of 
g r i n d i n g mi l l d ischarges led to the red is t r ibut ion of 
cyanide to all stages of g r i n d i n g , rather than just rod 
mil ls. T h e unwanted i ron and zinc sulphides (greater 
consumers of oxygen than galena) would be completed 
by the cyanide ion as new surfaces were freshly 
created, render ing them immune to oxidation. Less 
surface oxidation, that is, lower ing the oxygen de
mand, results in less xanthate attachment and more 
eff ic ient depression. W i t h effective complexing, 
oxidation is directed toward the lead minera l and 
act ivat ion is enhanced, galena being unaffected by 
cyanide . ' " 

F I N A L M I L L 
T A I L I N G S 

I M C K E N i> 0- f:, T H I C K E N 
FILTER F L T E R F I T E R 

DRV D R V O R V 
SH IP 

L E A D B U L K Pb-Zn-ft Z I N C 
C O N C E N T R A T E S 

FIGURE 2 — T h e 10.00O-tpd Anvil Mill flowsheet. 



Lead rougher/scavenger flotation is carried out in 
two 15-cell banks of 200-cu.-ft Denver machines. The 
scavenger tails are routed to the zinc circuit ; the 
scavenger concentrate is pumped back to the tertiary 
grinding circuit. The rougher concentrate, averaging 
about 25% lead, is reground prior to cleaner flotation. 

Three conventional cleaning stages, util izing a total 
of 48 Wemco lOO-cu.-ft cells, upgrade the concentrate 
to 67% lead. Tailings from the first cleaning stage 
are scavenged in a 13-cell retreatment bank; the re-
treatment tailings are pumped back to the lead 
rougher feed. A portion of the tai l ing from the third-
stage cleaning is used as the source of lead in the 
production of bulk concentrate. 

Three 14- by 12-ft tanks wi th Denver agitator 
mechanisms were installed to condition the zinc 
circuit feed; in practice, these units are normally by
passed because they yielded no evident metallurgical 
benefit and in addition they tended to 'sand out*. 

The zinc rougher/scavenger flotation circuit is com
prised of three 15-cell banks of 200-cu.-ft Denver 
machines. As in the lead section, a system of double 
launders and removable trays permits the middle 5-cell 
section of each bank to be used for either roughing 
or scavenging. The scavenger tai l ing forms the 
greater part of the plant ta i l ing; the scavenger con
centrate is returned to the rougher feed. 

The rougher concentrate, containing some 30% zinc, 
is reground along with the second cleaner tail ing and 
the retreatment concentrate. The strategy is to re
grind the entire feed to the first stage of cleaning. 

Four conventional cleaning stages employ a total of 
60 Wemco lOO-cu.-ft cells as well as 8 Denver 100-
cu.-ft cells (fourth stage) to produce a concentrate of 
51% zinc. 

Tailings from the first-stage cleaning are reground, 
conditioned and then scavenged i n a 13-cell retreat
ment bank. The retreatment tailings combine with the 
scavenger tai l ing to form the flotation circuit tailing. 

A portion of the tailings from the fourth cleaners 
is used as the zinc constituent in the production of 
bulk concentrate. 

A bank of six lOO-cu.-ft Galigher cells, installed in 
the flotation basement, has been used periodically to 
reject barium in that portion of the fourth cleaner 
ta i l ing destined for bulk concentrate production. 

TABLE 3 - Metallurgical Balance, 1975 

Product S.O. Tons 
Assaya {%) 

Load Zinc Iron 
Distribution (%) 

Load Zinc Iron 

Mill Feed 
Lead C o n e . . . 
ZtncConc 
Bulk C o n e . . . 
Final T a i l i n g . . 

3,225,223 
145.453 
230.494 

77,113 
2,772,163 

4.03 5.41 32.87 
66.89 5.07 6.37 

2.04 50.80 10.78 
18.37 29.34 15.53 

0.50 0.99 36.58 

100 100 100 
74.90 4.23 0.87 

3.62 67.13 2.34 
10.91 12.97 1.13 
10.57 15.67 95.66 

A i r for lead and zinc rougher/scavenger flotation 
cells is supplied at 3 psig by one of three 10,00-cfm 
Spencer blowers. 

With the exception of soda ash and sodium sulphite, 
flotation reagents are fed as liquids or slurries 
through solenoid valves controlled by adjustable timers 
in the control room The p H measurement has been a 
problem area, requiring the full-time services of one 
instrument technician for calibrations and probe 
cleaning. Recent trials of a differential-electrode sys
tem indicate that this system requires only a fraction 
of the maintenance required by a conventional elec
trode system. 

Hourly flotation circuit samples are analyzed in dry 
powder form by an Inax X-ray analyzer (radioisotope 
source) interfaced with a Hewlett Packard computer. 

Dewatering 
THICKENING 

Thickening equipment consists of four Eimco 
thickeners. Lead concentrate is thickened in a 75-ft-
diameter tank, zinc in a 65-ft-diameter tank and bulk 
in a 90-ft-diameter unit. The fourth thickener is 40 ft 
in diameter and can be used for any of the,three 
concentrates during repair to the primary thickener. 

Underflows are pumped to the filters by 5- and 6-in. 
Allis-Chalmers S R L centrifugals, which are currently 
being equipped with remotely controlled, variable-
speed hydraulic drives. Percol 351 is used as a 
settling aid and is fed to the thickener feed. 

TABLE 4—Typical Reagent Addition Rates (lb/ton) 

Addition Point NaCN N a t C O , Ca(OH), C u S O « 2-11 MIBC 1012 N a ^ O , PH 

Primary Grinding 0.04 2.2 ao7 
Secondary Grinding 
Tertiary Grinding 

0.06 
a n a o i 0.60 

Lead Rougher* 
a o i 

0.012 
0.60 

10.0 
Lead Scavengers 0.05 0.008 10.0 
Lead First Cleaner 0.02 0.04 

0.008 
10.5 

Lead Second Cleaner 
0.02 0.04 

a o i " 10.9 
Lead Third Cleaner a n 

a o i " 
11.5 

Lead Retreat 
a n 

0.02 10.5 
Zinc Roughers 0.64 0.42 0.12 0.004 11.0 
Zinc Scavengers * a n 0.003 11.0 
Zinc First Cleaner 0.07 11.3 
Zinc Second Cleaner 0.10 0.04 0.01 11.6 
Zinc Third Cleaner 0.18 

0.01 
11.9 

Zinc Fourth Cleaner 0.36 12.2 
Zinc Retreat 0.17 0.04 11.3 
TOTAL 023 22 1.50 0.63 0.44 0.02 0.007 0.60 



FILTERING 
. F i l te r ing of the thickened pulps (65 to 75% solids) 
is carried out using six 8-ft 6-in. Peterson disc filters. 
Vacuum, at a normal 22-in. mercury, is supplied by 
three C L 6003 Nash pumps. Plant a i r is used to dis
charge the filter cake, with low-pressure air partially 
expanding the bag and then two bursts of high-
pressure air completing the discharge. No scrapers 
are required. 
A solution of Alcopol " O " , at 0.3 lb/ton of concen

trate, is mixed with the filter feeds and assists in 
producing concentrate moistures in the range of 8 
to 12%. 

Fi l te r bags are Neotex, and the changeover to a 
model wi th a zipper and Velcro closure is now in 
progress. Originally, disc sectors were wooden, but 
due to poor service life the wooden sectors are gradu
ally being replaced by stainless steel and polyethylene 
sectors. 

DRYING 
Concentrate drying equipment consists of four con

current, stainless steel, 5- by 40-ft rotary kilns, with 
heat supplied by coal-fired 10xl0*-Btu/hr furnaces. 
A fifth concurrent, stainless steel, 6- by 40-ft rotary 
ki ln has heat supplied by an oil-fired furnace of 
l O x l O ' - B t u / h r capacity. 

Each dryer is equipped with a Ducon wet scrubber, 
with the discharges and filtrates pumped to the ap
propriate thickener. Target moistures for the dried 
concentrate are: lead 4.5%, zinc 5.5% and bulk 5.0%. 
The speed of the stoker on the coal-fired furnaces is 
controlled by the temperature of the dryer discharge; 
as response is rather sluggish, variation in dryer feed 
rates can result in wide fluctuations in dryer product 
moistures. 

A s filter drying capacity is marginal at times, the 
operating strategy is to employ two filters on lead 
concentrate to feed the larger 6-ft-diameter dryers, 
two filters on zinc to feed two dryers, and one filter 
and dryer on bulk. The remaining filter and dryer is 
equipped to handle any one of the three concentrates 
that the varying concentrate volumes dictate. 

The dryers were originally equipped with knockers, 
but these were removed several years ago. Cleaning 
by hand is carried out as required, normally at one- to 
two-month intervals. 

Load-Out 
The three partially dried concentrates are conveyed 

to the 10,000-ton-capacity storage building, where 
they are discharged into their respective piles. A 
Caterpillar 988 front-end loader is used to load each 
truck-mounted container wi th 30 tons of concentrate. 
Weighing is done with a 60-ton-capacity truck scale. 

TABLE 5 — Typical Screen Analyses — Tyler Mesh Per 
Cent Retained 

+ S 0 +100 +150 +200 +325 - 3 2 5 
Flotation Feed . 
Lead Cone. 
Zinc Cone 
Bulk Cone. 
Final Tailing 

8.0 

8.5 

5.0 

5.5 

8.0 

1 5 

10.5 
0.5 
4.0 
9.0 

11.0 

15.5 
1.5 

10.0 
16.0 
16.0 

53.0 
98.0 
86.0 
75.0 
50.5 

m e wnue rass & xukon Koute own and operate 
the truck/rail container system for transporting the 
concentrates to tidewater at Skagway, Alaska. The 
concentrate containers were designed for this applica
tion, and have a metal l id to prevent wind losse and 
moisture pick-up. 

The normal concentrate shipping rate is 45 truck 
units per day, with loading being carried out around 
the clock, seven days a week. 

During the winter months, the interior of each 
container is sprayed with 1 gallon of ethylene glycol, 
prior to loading, in order to prevent the adhesion of 
frozen concentrates to the metal container. 

When the concentrate production rate has exceeded 
the capacity of the truck haulage system, the extra 
inventory of concentrate has been stockpiled outside 
until haulage capacity was available. Experience has 
shown that outside stockpiling has resulted in very 
significant concentrate losses, as well as considerable 
contamination of the reclaimed concentrate with 
gravel. 

Heating Plant 
Heating for the mil l , shops and warehouse is sup

plied from a heating plant located in the concentrator 
building. 

The heating plant consists of three 25xl0*-Btu/hr , 
coal-fired, high-temperature-water (htw) generators, 
a primary htw distribution loop and three secondary 
htw distribution systems. The generators are designed 
to produce high-temperature water at a constant dis
charge temperature of 400°F. The water is circulated 
through the primary and secondary systems and re
turns to the htw generators at a minimum of 268° F . 
The entire htw system is pressurized to a minimum 
operating pressure of 300 psig by a nitrogen system. 

The heating equipment connected to the secondary 
distribution system is controlled to satisfy the heating 
demand for its particular service. The coal for both 
space heating and concentrate drying is received ,in 
concentrate containers, which are dumped on the open 
storage pile. 

The coal is reclaimed from the pile with a front-end 
loader and fed to the coal crusher. The crushed coal is 
conveyed by a bucket elevator belt and drag chain to 
the coal storage bin located above the generators. 

Tailings Impoundment 
M i l l tailings are impounded in Rose Creek Valley 

directly below the mi l l . A diversion channel, approx
imately one mile long, was constructed along the south 
side of the valley floor to provide a storage area of 
165 acres for tailings. 

The centerline method of tailing dam construction 
is employed, with the downstream half of the dam 
being composed of naturally classified tailing sand. 
Nonclassified' tailings, containing 35% solids, are 
transported by gravity to the perimeter of the dam 
by a 16-in.-diameter Schedule 80 Sclair pipe. The tail
ings are deposited at 100-ft intervals along the rest 
of the dike and cone on a 5% slope. These tailings are 
levelled and compacted upstream of the centerline of 
the dam. The pond level is maintained by a surface 
decant ditch constructed along the side hil l at the 
northwest abuttment of the dam. This ditch is raised 
at 5-ft intervals as required. 



A l l dam construction is designed by geotechnical 
consulting engineers and approved by the Territorial 
Water Board. Water quality decant and seepage is 
monitored by weekly samples which are analyzed for 
deleterious elements and by quarterly bio-assay sam
ples which are tested for toxicity. 

Water 
The plant-site water requirements of some 4,000 

(U.S.) gpm are pumped from a station on nearby 
Rose Creek by vertical-turbine, electrically driven 
pumps. A dieael-driven emergency pump can supply a 
limited amount of water in the event of a power 
outage. 

The water supply line is 24-in. steel pipe with poly-
urethane insulation, equipped with drain valves for 
use in the unlikely event of a power outage and diesel 
pump failure occurring in cold weather. 

Most of the process make-up water is low pressure, 
obtained by gravity from the storage tank. Three 
booster pumps supply high-pressure water for pump 
glands, sprays and washdown hoses. 

Two water pumps, along with a chlorinator and 
filters, provide potable water for the complex. F i re 
protection is provided by an electrically driven pump 
with a diesel-driven back-up pump. There is no water 
reclamation whatsoever at this time. 

Maintenance 
A preventive maintenance program is in the process 

of being implemented, with only the crushing and 
grinding areas being complete at this date. The fol
lowing are some maintenance features. 
1. The primary crusher is stripped down each sum
mer to t ry to insure against having to make repairs 
in severe winter weather. 
2. Rebuilding a worn primary mantle using an auto
matic welding system was found to be more costly 
than purchasing and installing a new liner. The 
primary mantle liner pattern was modified to reduce 
the amount of "throw away". 
3. Rod mil l barrel liners are zinced; this procedure 
was adopted after shifting of liners had produced 
elongation of the barrel bolt holes. 
4. Rubber liners in the secondary ball mills have a 
service life cf two to three times that of Ni-hard 
liners. A l l rubber linings in pipes, launders, pump-
boxes, etc., are applied by hot vulcanizing in a rubber 
shop in Vancouver. This procedure was adopted after 
repeated failure of cold-bonded rubber exposed to 
slurries. Rubber wear parts from pumps, conditioners 
and flotation cells are all rebuilt in Vancouver. 

6. Flotation cell launders are constructed of poly
ethylene and have given very satisfactory service; 
however, pulp transfer launders of the same type of 
construction were unsatisfactory due to d rmation 

.of the plastic and have been largely replaces by pipes. 
6. Many of the gravity slurry lines are of poly
ethylene and A B S piping and have exhibited excellent 
resistance to abrasion. 
7. Original vacuum pumps were rotary lobe units and 
were replaced by Nash pumps because of a history of 
low availability and high maintenance. The original 
reciprocating compressors were replaced with screw-
type units for the same reasons. 

Personnel 
The mil l supervisory staff consists of the following 

21 employees: 
General Mil l Superintendent 
Chief Metallurgist 
Mi l l Production Superintendent 
Mi l l Maintenance Superintendent 
General Foreman (Production) 
General Foreman (Maintenance) 
Surface Foreman 
Labour Foreman 
Training Foreman 
Heating Plant Engineer 
Plant Metallurgist 
Chief Assayer 
Shift Foremen (4) 
Maintenance Foremen (4) 
Preventive Maintenance Supervisor 

The non-supervisory work force consists of the 
following 143 employees : 
Operations 75 
Maintenance 52 
Heating Plant 6 
Assay and Metallurgy , 10 

The employees union is the United Steelworker's of 
America, with one local representing the operating 
employees and another representing the office and 
technical employees. 

A l l operations personnel are hired in the labourer 
category are promoted almost exclusively on the 
basis of seniority. This has necessitated setting up a 
fair ly extensive operator training program. 

Women have been successfully employed in operat
ing positions since early 1975. 
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E x h i b i t 2 C a s h F l o w 
S t a n d - A l o n e T a x e s 

A n v i l D i s t r i c t 

CYPRUS ANVIL 
AKVZL DISTRICT EVALUATION 

CASH FLOW PAGE 
THOUSANDS OF DOLLARS 

OPERATING ROYALTIES HORIING 
YEAR REVENUE COSTS PRIVATE GOVERNMENT INTEREST TAXES CAPITAL DEBT CAPITAL CASH FLOW 

1983 287 971 252 789 28 489 6 692 
1784 315 975 276 319 1 545 29 174 8 937 

1985 417 834 323 310 1 956 10 193 82 375 
1986 506 729 352 421 10 294 13 401 14 172 116 440 
1987 576 384 383 253 22 776 30 016 11 270 129 069 
1988 658 120 410 353 31 625 77 724 15 004 123 414 
1989 664 566 428 075 35 401 55 471 56 390 89 229 

1990 649 059 444 090 39 709 11 150 137 452 16 657 
1991 791 982 516 770 27 221 31 701 98 245 118 045 
1992 848 575 647 914 45 407 27 758 57 222 70 274 
1993 1 119 973 765 731 18 604 63 861 84 918 186 859 
1994 1 189 505 826 583 55 188 71 503 87 116 149 116 

1995 1 183 562 856 468 56 909 53 820 101 372 114 992 
1996 1 290 083 931 339 44 883 86 196 63 990 163 675 
1997 1 480 830 1 063 338 62 946 115 767 53 741 185 038 
1998 1 554 819 1 111 467 94 143 78 304 158 284 112 621 
1999 1 839 565 1 287 375 117 581 168 781 25 359 240 469 

2000 2 005 126 1 403 238 148 408 197 876 37 513 218 090 
2001 2 185 587 1 529 530 161 955 214 218 40 889 238 995 
2002 2 382 290 1 667 188 182 924 232 470 44 569 255 139 
2003 2 596 696 1 817 235 205 411 252 673 48 580 2̂72 797 
2004 2 830 398 1 980 786 229 639 270 637 59 920 289 417 

2005 3 085 134 2 159 056 254 485 299 300 57 718 314 575 
2006 3 362 796 2 353 371 284 214 330 387 33 940 360 884 
2007 3 665 448 2 565 175 312 822 363 568 27 971 395 913 
2008 346 773 (346 773) 

w 0 37I489I005 26,353*170 2t792t821 3r046r583 1,383,491 3»912i941 
PV15 5i320»355 3i796f871 248,904 309,534 306,909 658,137 

NO ALLOWANCE HAS DEEM MADE FOR OUTSTANDING NPI ON PARTS OF THE GRUM AND DY DEPOSITS 



E x h i b i t 3 C a s h F l o w 

F l o w - t h r o u g h T a x e s 
A n v i l D i s t r i c t 

err AGE 

CYPRUS ANVIL 
ANVIL DISTRICT EVALUATION 

CASH FLOW PAGE 
THOUSANDS OF DOLLARS 

OPERATING ROYALTIES WORKING 
YEAR REVENUE COSTS PRIVATE GOVERNMENT INTEREST TAXES CAPITAL DEBT CAPITAL CASH FLOW 

1983 287 971 252 789 (69 273) 28 489 75 965 
1984 315 975 276 319 1 545 (5 736) 29 174 14 674 

1985 417 834 323 310 1 956 19 019 10 193 63 356 
1986 506 729 352 421 10 294 40 852 14 172 88 990 
1987 576 384 383 253 22 776 56 792 11 270 102 292 
1988 658 120 410 353 31 625 75 796 15 004 125 341 
1989 664 566 428 075 35 401 59 102 56 390 85 598 

.990 649 059 444 090 39 709 6 776 137 452 21 032 
1991 791 982 516 770 27 221 39 744 98 245 110 001 
1992 848 575 647 914 45 407 24 548 57 222 73 484 
1993 1 119 973 765 731 18 604 64 792 84 918 185 928 
1994 1 189 505 826 583 55 188 68 299 87 116 152 320 

1995 1 183 562 856 468 56 909 49 125 101 372 119 688 
1996 1 290 083 931 339 44 883 82 789 63 990 167 082 
1997 1 480 830 1 063 338 62 946 115 590 53 741 185 216 
1998 1 554 819 1 111 467 94 143 88 434 158 284 102 491 
1999 1 839 565 1 287 375 117 581 172 406 25 359 236 844 

2000 2 005 126 1 403 238 ^ 148 408 189 616 37 513 226 350 
2001 2 18S587 1 529 530 161 955 208 048 40 889 245 165 
2002 2 382 290 1 667 188 182 924 227 728 44 569 259 881 
2003 2 596 696 1 817 23S 205 411 248 892 48 580 276 578 
2004 2 830 398 1 980 786 229 639 267 488 59 920 292 566 

2005 3 085 134 2 159 056 254 485 296 548 57 718 317 328 
2006 3 362 796 2 353 371 284 214 327 863 33 940 363 408 
2007 3 665 448 2 565 175 312 822 361 449 27 971 398 031 
2008 346 773 (11 707)' (335 066) 

* v 0 37t489»005 26*353,170 2»792i821 3,004,980 1,383,491 3,954,543 
PV15 5»320»355 3r796»871 248,904 282,701 306,909 684,971 

NO ALLOWANCE HAS BEEN MADE FOR OUTSTANDING NPI ON PARTS OF THE GRUM AND DY DEPOSITS 



E x h i b i t 4 R e v e n u e A s s u m p t i o n s A n v i l D i s t r i c t 

( 1 9 8 2 D o l l a r s ) 

CYPRUS ANVIL 
ANVIL DISTRICT EVALUATION 

REVENUE STATISTCS 
THOUSANDS OF DOLLARS 

$USA» $us/oz EXCHANGE KM U S N OZ .REVENUE—-f MM ( CDN ) PRODUCT VALUE 
YEAR ZN PI AG AU CDN/US ZN PB AG AU ZN PB AG AU TOTAL M TONNES $/TONNE 

198T 0,54 o744 i27oo 500 0.82 229 153 1972 ~ 0 751 ~82 "~29 0 262 351 745 
1984 0.54 0.44 12.00 500 0.82 228 158 1941 0 150 85 28 0 264 358 736 
198S 0.54 0.44 12.00 500 0.82 269 198 2494 0 177 106 37 0 320 418 764 
1986 0.54 0.44 12.00 500 0.82 286 229 3051 0 188 123 45 0 356 475 748 
1987 0.54 0.44 12.00 500 0.82 312 232 2814 0 206 125 41 0 371 505 735 
1988 0.54 0.44 12.00 500 0.82 320 240 3387 0 211 129 50 0 389 516 754 
1989 0.54 0,44 12.00 500 0.82 279 239 3293 0 184 128 48 0 360 473 761 
1990 0.54 0.44 12.00 500 0.82 279 189 2594 0 184 101 38 0 323 434 744 
1991 0,54 0.44 12.00 500 0.82 264 224 3049 37 174 120 45 23 361 481 752 
1992 0.54 0.44 12.00 500 0.82 263 205 3998 22 173 110 59 13 355 436 814 
1993 0.54 0.44 12.00 500 0.82 348 225 4892 13 229 121 72 8 430 517 831 
1994 0.54 0*44 12.00 500 0.82 348 225 4140 13 229 121 61 8 419 517 810 
1995 0.54 0.44 12.00 500 0.82 310 212 3889 13 204 114 57 8 383 470 815 
1996 0.54 0.44 12.00 500 0.82 310 212 3889 13 204 114 57 8 383 470 815 
1997 0.54 0.44 12.00 500 0.82 315 231 4166 17 208 124 61 10 403 490 823 
1998 0.54 0.44 12.00 500 0.82 292 231 4056 21 192 124 59 13 388 467 831 
i999 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2000 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2001 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2002 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2003 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2004 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2005 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2006 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2007 0.54 0.44 12.00 500 0.82 299 263 4504 28 197 141 66 17 421 499 843 
2008 0.54 0.44 12.00 500 0.82 0 0 0 0 0 0 0 0 0 0 0 



E x h i b i t 5 C a p i t a l C o s t A s s u m p t i o n s 

( 1 9 8 2 D o l l a r s ) 
A n v i l D i s t r i c t 

CYFftUS ANVIL 

CAPITAL EXPENDITURES 
NINE NEW MINE 

YEAR MINING MILLING OTHER EQUIP STRIP 

ANVIL DISTRICT EVALUATION 
CAPITAL EXPENDITURES 
THOUSANDS OF DOLLARS 

—EXPLORATION— • , CCA POOLS-
TAX ALLOCATION 

- —CAP WRITEOFFS-

0 
. 1983 

1984 
1 1985 

1986 
I 1987 
I 1988 

1989 
, 1990 

1991 
1992 
19 
I 1994 
11995 

1996 
(1997 
11998 

1999 
,2000 
[2001 

2002 
2003 
2004 
2005 
2006 
2007 
2008 

0 
11987 

6017 
1722 
3295 
2000 
2000 
2000 

0 
2000 
2000 
2000 
2000 
2000 
1000 

0 
3000 
3000 
6000 
6000 
6000 
6000 
6000 
6000 
2000 
1000 

0 

0 
8500 

12500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

0 

0 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
2100 
1100 
1100 
1600 
1100 
1100 
1100 
1600 
2600 
2100 
1100 
1100 
1100 
1100 
1100 
1100 
1600 
1600 

0 

0 
0 
0 
0 
0 
0 

2000 
22000 
39000 
20000 

0 
0 
0 
0 
0 

5000 
21000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

200 
1130 

20500 
17130 
17000 
26000 
26000 
26000 
15700 

5000 
7000 

0 
0 
0 
0 
0 
0 

fc 0 
0 
0 
0 

PROV CDN 10 12 28 100 30 DEPL ITC 
**' • — — — — — — mmmm • — 

0 0 112000 15000 0 16600 0 23800 19180 
"3850 0 21587 0 0 3850 0 4117 2159 
3850 0 19617 0 0 3850 0 5450 1962 
4200 0 3322 0 0 4200 0 1567 332 
4700 0 4895 0 0 4700 0 1733 490 
3400 0 3600 0 0 3400 0 1300 360 
2750 0 3600 0 2000 2950 0 1817 560 
2750 0 3600 0 22000 3880 0 8793 2560 
3825 0 2600 0 39000 24325 0 21275 4160 
2500 0 3600 0 20000 19630 0 13377 2360 
2500 0 3600 0 0 19500 0 6667 360 
1350 0 4100 0 0 27350 0 9283 410 

0 0 3600 0 0 26000 0 8833 360 
2000 0 3600 0 0 28000 0 9500 360 

0 0 2600 0 0 15700 0 5400 260 
2000 0 2100 0 5000 7000 0 4167 710 
4000 0 6100 0 21000 11000 0 10833 2710 

0 0 5600 0 0 0 0 167 560 
0 0 7600 0 0 0 0 167 760 
0 0 7600 0 0 0 0 167 760 
0 0 7600 0 0 0 0 167 760 
0 0 7600 0 0 0 0 167 760 

1000 0 7600 0 0 1000 0 500 760 
0 0 7600 0 0 0 0 167 760 
0 0 4100 0 0 0 0 167 410 
0 0 3100 0 0 0 0 167 310 
0 0 0 0 0 0 0 0 0 

44675 0 262521 15000 109000 222935 0 139745 45132 85021 32500 33000 109000 161660 

'OTHER POOLS AT THE START OF THE FIRST YEAR 
LOSS CARRY FORWARDS Z6600 t* 



E x h i b i t 6 O p e r a t i n g C o s t A s s u m p t i o n s 

( 1 9 8 2 D o l l a r s ) 
A n v i l D i s t r i c t 

CYPRUS ANVIL 

DIRECT OPERATING COSTS 

ANVIL DISTRICT EVALUATION 
BREAKDOWN OF COSTS—$ THOUSANDS 

— O V E R H E A D S — TRANSPORTATION 
YEAR MINING MILLING OTHER ELECTRIC OFFICE MINESITE TOMNSITE LAND 

1983 53988 41939 2814 4306 3000 9000 6000 21323 
1984 52527 42403 2897 2434 3000 9000 6000 20691 
1985 50871 45986 3375 0 3000 9000 6000 23089 
1986 34867 45986 3375 0 3000 9000 6000 26152 
1987 25654 45986 3375 0 3000 9000 6000 27771 
1988 18122 46122 3385 0 3000 9000 6000 28374 
1989 20650 46105 3375 0 3000 9000 6000 26042 
1990 20650 46105 3375 0 3000 9000 6000 23857 
1991 18893 50009 3375 0 3000 9000 6000 26429 
1992 60430 48073 10126 0 3000 9000 6000 24005 
1993 63936 46105 10126 "3397 3000 9000 6000 28450 
1994 61196 46105 10126 "3397 3000 9000 6000 28450 

795 61196 46105 10126 T397 3000 9000 6000 25824 
1996 61196 46105 10126 "4029 3000 9000 6000 25824 
1997 69576 45046 9865 "4029 3000 9000 6000 26931 
1998 70820 41080 8229 "4352 3000 9000 6000 25672 
1999 80438 37538 6837 "4352 3500 10500 7000 27472 
2000 80438 37538 6837 "4352 3500 10500 7000 27472 
2001 80438 37538 6837 "4352 3500 10500 7000 27472 
2002 80438 37538 6837 "4352 3500 10500 7000 27472 
2003 80438 37538 6837 "4352 3500 10500 7000 27472 
2004 80438 37538 6837 "4352 3500 10500 7000 27472 
2005 80438 37538 6837 "4352 3500 10500 7000 27472 
2006 80438 37538 6837 "4352 3500 10500 7000 27472 
2007 80438 37538 6837 -."4352 3500 10500 7000 27472 
2008 0 0 0 0 0 0 0 0 

-SMELTER 
OCEAN LEAD/ZINC ADMIN TOTAL 

11352 
11569 
13518 
15366 
16318 
16672 
15302 
14018 
15529 
14105 
16717 
16717 
15174 
15174 
15824 
15084 
16142 
16142 
16142 
16142 
16142 
16142 
16142 
16142 
16142 

0 

72941 
74247 
86673 
98161 

104467 
106759 

97608 
90025 
98472 
89845 

107273 
107273 

97229 
97229 

101185 
96248 

102679 
102679 
102679 
102679 
102679 
102679 
102679 
102679 
102679 

0 

557 
568 
663 
754 
800 
818 
751 
688 
762 
692 
820 
820 
744 
744 
776 
740 
792 
792 
792 
792 
792 
792 
792 
792 
792 

0 

227220 
225335 
242175 
242662 
242371 
238253 
227834 
216720 
231470 
265276 
288031 
285291 
271003 
270370 
283176 
271522 
288546 
288546 
288546 
288546 
288546 
288546 
288546 
288546 
288546 

0 

OTHER INCLUDES COAL AND CONVEYOR COSTS 
ELECTRIC—CONSUMPTION! ( COST/KNH-$ ,067/*™) 



E x h i b i t 7 O p e r a t i n g C o s t s p e r T o n n e M i l l e d 

( 1 9 8 2 D o l l a r s ) 
A n v i l D i s t r i c t 

CYPRUS ANVIL 

YEAR 
DIRECT OPERATING COSTS 

MINING MILLING OTHER ELECTRIC 

ANVIL DISTRICT EVALUATION 
BREAKDOWN OF COSTS—$ THOUSANDS 

OVERHEADS TRANSPORTATION 
OFFICE MINESITE TOWHSITE LAND OCEAN 

SMELTER 
LEAD/ZINC ADMIN 

OTHER INCLUDES COAL AND CONVEYOR COSTS 
ELECTRIC>-CONSUNPTIONl(COST/KWN.$(067/KWH) 

TOTAL 

1983 15.90 12.35 0.83 1.27 0.88 2.65 1.77 6.28 3.34 21.48 0.16 66.93 
1984 15.02 12.13 0.83 0.70 0.86 2.57 1.72 5.92 3.31 21.24 0.16 64.46 
1985 12.49 11.29 0.83 0.00 0.74 2*21 1.47 5.67 3.32 21*28 0.16 59.46 
1986 8.56 11.29 0.83 0.00 0.74 2.21 1.47 6.42 3.77 24.10 0.19 59.58 
1987 6.30 11.29 0.83 0.00 0.74 2.21 1.47 6.82 4.01 25.65 0.20 59.51 
1988 4.44 11.29 0*83 0.00 0.73 2.20 1.47 6*95 4.08 26.13 0.20 58.32 
1989 5.07 11.32 0*83 0.00 0.74 2.21 1.47 6.39 3.76 23.96 0.18 55.94 
1990 5.07 11.32 0.83 0.00 0.74 2.21 1.47 5*86 3.44 22.10 0.17 53.21 
1991 4.64 12.28 0.83 0.00 0.74 2.21 1.47 6*49 3.81 24.18 0.19 56.83 
1992 14.84 11.80 2.49 0.00 0.74 2.21 1.47 5.89 3.46 22.06 0.17 65.13 
1993 15.70 11.32 2.49 "0.83 0.74 2.21 1.47 6.98 4.10 26.34 0.20 70.72 
1994 15*02 11.32 2.49 "0.83 0.74 2.21 1.47 6.98 4.10 26.34 0.20 70.04 
1995 15.02 11.32 2.49 "0.83 0.74 2.21 1.47 6.34 3.73 23.87 0.18 66.54 
1996 15.02 11.32 2.49 "0.99 0.74 2.21 1.47 6.34 3.73 23.87 0.18 66.38 
1997 17.53 11.35 2.49 "1.02 0.76 2.27 1.51 6.79 3.99 25.50 0.20 71.36 
1998 '21.40 12.41 2.49 "1.31 0.91 2.72 1.81 7.76 4.56 29.08 0.22 82.03 
1999 29.25 13.65 2.49 "1.58 1.27 3.82 2.55 9.99 5.87 37.34 0.29 104.93 
2000 29.25 13.65 2.49 "1.58 1.27 3.82 2.55 9.99 5.87 37.34 0.29 104.93 
2001 29.25 13.65 2.49 "1.58 1.27 3.82 2.55 9.99 5.87 37.34 0.29 104.93 
2002 29.25 13.65 2.49 "1.58 1.27 3.82 2.55 9.99 5.87 37.34 0.29 104.93 
2003 29.25 13.65 2.49 "1.58 1.27 3*82 2.55 9.99 5.87 37.34 0.29 104.93 
2004 29.25 13.65 2.49 "1.58 1.27 3.82 2.55 9.99 5.87 37.34 0.29 104.93 
2005 29.25 13.65 2.49 "1.58 1.27 3.82 2.55 9.99 5.87 37.34 0.29 104.93 
2006 29.25 13.65 2.49 "1.58 1.27 3.82 2.55 9.99 5.87 37.34 0.29 104.93 
2007 29.25 13.65 2.49 " "1.58 1.27 3.82 2.55 9.99 5.87 37.34 0.29 104*93 
2008 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 11.00 



E x h i b i t 8 O p e r a t i n g C o s t s p e r T o n n e C o n c e n t r a t e 
( 1 9 8 2 D o l l a r s ) 

A n v i l D i s t r i c t 

CYPRUS ANVIL 
ANVIL DISTRICT EVALUATION 

BREAKDOWN OF COSTS—f THOUSANDS 
DIRECT OPERATING COSTS OVERHEADS TRANSPORTATION SMELTER-

YEAR MININ6 MILLING OTHER ELECTRIC OFFICE NINESITE TOWHSITE LAND OCEAN LEAD/ZINC ADMIN TOTAL 

1983 153*69 119.39 8.01 12.26 8.54 25.62 17.08 60.70 32.32 207.64 1.59 
1984 146.73 118.45 8.09 6.80 8.38 25.14 16.76 57.80 32.32 207.41 1.59 629.47 
1985 121.62 109.94 8.07 0.00 7.17 21.52 14,34 55.20 32.32 207,21 1.59 5 7 8 . * ; 
1986 73.33 96.71 7.10 0.00 6.31 18.93 12.62 55.00 32.32 206.44 1.59 510.3 
1987 50.81 91.08 6.69 0.00 5.94 17.82 11.88 55.00 32.32 206.90 1.59 480.02 
1988 35.13 89.40 6.56 0.00 5.82 17.45 11.63 55.00 32.32 206.94 1.59 461.82 
1989 43.61 97.37 7.13 0.00 6.34 19.01 12.67 55.00 32.32 206.14 1.59 481,1/ 
1990 47*61 106.29 7.78 0.00 6.92 20.75 13*83 55.00 32.32 207.54 1.59 499.62 
1991 39.32 104.07 7.02 0.00 6.24 18.73 12.49 55.00 32.32 204.93 1.59 481.70 
1992 138.46 110.15 23.20 0.00 6.87 20*62 13.75 55.00 32.32 205.85 1.59 607.80 
1993 123.60 89.13 19*58 •6.57 5.80 17.40 11.60 55.00 32.32 207.38 1.59 556.83 
1994 118.31 89.13 19.58 "6.57 5.80 17,40 11.60 55.00 32.32 207,38 1.59 551.53 
1995 130.33 98.19 21.57 "7.23 6.39 19.17 12.78 55.00 32.32 207.08 1.59 577.1C 
1996 130.33 98.19 21.57 "8.58 6.39 19.17 12.78 55.00 32.32 207.08 1.59 575.83 
1997 142.09 92.00 20.15 "8.23 6.13 18.38 12.25 55.00 32.32 206.65 1.59 578.32 
1998 151.73 88.01 17.63 ' 9 . 3 2 6.43 19.28 12.85 55,00 32.32 206.20 1.59 581.71 
1999 161,04 75.15 13.69 "8.71 7.01 21.02 14.01 55.00 32.32 205.56 1.59 577,67 
2000 161.04 75.15 13.69 "8.71 7.01 21.02 14.01 55.00 32.32 205.56 1.59 577.6/ 
2001 161.04 75.15 13.69 -8.71 7.01 21.02 14.01 55.00 32.32 205.56 1.59 577.67 
2002 161.04 75.15 13*69 "8.71 7.01 21.02 14.01 55.00 32.32 205.56 1.59 577.67 
2003 161.04 75.15 13*69 "8.71 7.01 21.02 14.01 55.00 32.32 205.56 1.59 577.67 
2004 161*04 75.15 13*69 "8.71 7.01 21.02 14.01 55.00 32.32 205.56 1.59 577.67 
2005 161.04 75.15 13.69 "8.71 7.01 21.02 14.01 55.00 32,32 205.56 1.59 577.67 
2006 161*04 75.15 13.69 "8.71 7.01 21.02 14.01 55.00 32.32 205.56 1.59 577.67 
2007 161.04 75.15 13.69 "8.71 7.01 21.02 14.01 55.00 32.32 205.56 1.59 577.67 
2008 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 11.00 

OTHER INCLUDES COAL AND CONVEYOR COSTS 
ELECTRIC—CONSUMPTION!(COST/KMH-$,067/I»H) 
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S U M M A R Y 

A m a j o r l e a d - z i n c - s i l v e r d i s t r i c t h a s b e e n i d e n t i f i e d i n t h e A k i e 

d i s t r i c t , s o m e 2 3 0 k i l o m e t r e s n o r t h o f M a c k e n z i e i n n o r t h e a s t e r n 

B r i t i s h C o l u m b i a . 

O n e m a j o r m a s s i v e s u l p h i d e a c c u m u l a t i o n , t h e C i r q u e d e p o s i t , 

c o n t a i n i n g o v e r 4 0 m i l l i o n t o n n e s g r a d i n g 2.2% l e a d , 8 . 0 % z i n c , 

a n d 4 7 g r a m s p e r t o n n e s i l v e r h a s b e e n i d e n t i f i e d a l o n g w i t h a t 

l e a s t t h r e e o t h e r m i n e r a l i z e d a r e a s o f h i g h p o t e n t i a l i n a 6 0 

k i l o m e t r e b e l t ( F l u k e , E l f , G i n c l a i m s ) . 

A h i g h p r o b a b i l i t y e x i s t s t h a t t h i s a r e a w i l l d e v e l o p i n t o a m a j o r 

l e a d - z i n c m i n i n g d i s t r i c t . O f t h e i n d i v i d u a l l e a d - z i n c o r e b o d i e s 

i n w e s t e r n C a n a d a , t h e C i r q u e d e p o s i t i s s e c o n d o n l y t o S u l l i v a n 

a n d F a r o i n s i z e a n d m e t a l c o n t e n t b a s e d o n c u r r e n t i n d i c a t e d 

r e s e r v e s . 

A d e v e l o p m e n t s c h e d u l e i s p r o p o s e d t o b r i n g t h e m i n e i n t o 

p r o d u c t i o n i n 1 9 8 8 a t t h e r a t e o f t w o m i l l i o n t o n n e s p e r y e a r . 

U n d i s c o u n t e d c a s h f l o w s i n d i c a t e a n e t p r o f i t o f b e t w e e n o n e a n d 

f o u r b i l l i o n d o l l a r s - d e p e n d i n g o n r e s e r v e d e f i n i t i o n . D e t a i l e d 

c a s h f l o w s a r e i n c l u d e d i n t h e A p p e n d i x . 

- 1 -





H I S T O R Y 

T h e A k i e l e a d - z i n c d i s t r i c t , l o c a t e d 2 3 0 k i l o m e t r e s n o r t h -

n o r t h w e s t o f M a c k e n z i e i n n o r t h e a s t e r n B r i t i s h C o l u m b i a , w a s 

d i s c o v e r e d i n 1 9 7 7 , a s a r e s u l t o f r e c o n n a i s s a n c e s t r a t i g r a p h i c 

m a p p i n g a n d c h e m i c a l s i l t s a m p l i n g . T h e p r o j e c t w a s a n e x t e n s i o n 

o f s i m i l a r p r o g r a m s c a r r i e d o u t i n t h e Y u k o n S e l w y n B a s i n a n d w a s 

f u n d e d b y C y p r u s A n v i l M i n i n g C o r p o r a t i o n a n d H u d s o n ' s B a y O i l a n d 

G a s C o m p a n y L t d . , w h i c h a r e n o w o w n e d b y D o m e P e t r o l e u m . 

T h e C i r q u e g r o u p i n t h e A k i e D i s t r i c t w a s s t a k e d i n 1 9 7 7 , a n d i n 

1 9 7 8 p r e l i m i n a r y d r i l l i n g w a s c a r r i e d o u t . A l s o i n 1 9 7 8 , b a s e d o n 

g e o l o g i c a l m a p p i n g a n d g e o c h e m i c a l s a m p l i n g , t w o a d d i t i o n a l c l a i m 

g r o u p s , E l f a n d F l u k e , w e r e s t a k e d . I n 1 9 7 9 , f o l l o w - u p d r i l l i n g 

o n C i r q u e i n d i c a t e d p o t e n t i a l l e a d - z i n c - s i l v e r i n a m a s s i v e 

s u l p h i d e - b a r i t e d e p o s i t . A s i m i l a r m i n e r a l i z e d h o r i z o n w i t h o r e -

g r a d e i n t e r c e p t s h a s ' b e e n t r a c e d f o r 1 , 2 0 0 m e t r e s o n t h e E l f 

c l a i m s , a n d a s u l p h i d e - b a r i t e h o r i z o n h a s b e e n c u t i n p r e l i m i n a r y 

d r i l l i n g o n t h e F l u k e c l a i m s . B o t h o f t h e s e c l a i m g r o u p s r e m a i n 

o p e n t o f u t h e r e x p l o r a t i o n . I n 1 9 7 9 , a n o m a l o u s s t r e a m g e o c h e m i s 

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

s t a k i n g o f t h e G i n c l a i m s . T h e s e c l a i m s r e m a i n t o b e e x p l o r e d . 

T o t h e e n d o f 1 9 8 1 , $ 1 7 m i l l i o n h a s b e e n e x p e n d e d i n t h e A k i e 

d i s t r i c t o n 4 9 , 0 0 0 m e t r e s o f d i a m o n d d r i l l i n g , r o a d a n d a i r s t r i p 

c o n s t r u c t i o n . D r i l l i n g o n t h e C i r q u e d e p o s i t , h a s o u t l i n e d 4 0 

m i l l i o n t o n n e s o f h i g h g r a d e l e a d - z i n c - s i l v e r m i n e r a l i z a t i o n a n d 

h a s i n d i c a t e d a d d i t i o n a l m i n e r a l p o t e n t i a l . I n 1 9 8 1 , a 1 , 6 0 0 

m e t r e a l l - w e a t h e r g r a v e l a i r s t r i p w a s c o m p l e t e d a n d a p p r o v e d f o r 

H e r c u l e s a i r c r a f t t r a n s p o r t o p e r a t i o n s . A n 8 7 k i l o m e t r e r o a d w a s 

c o n s t r u c t e d f r o m t h e F i n l a y R i v e r t o t h e f u t u r e e x p l o r a t i o n a d i t 

p o r t a l . 



C I R Q U E D E P O S I T 

E v a l u a t i o n 

B y D e c e m b e r , 1 9 8 1 , s u f f i c i e n t d r i l l d a t a w a s a v a i l a b l e o n t h e 

C i r q u e d e p o s i t t o c a r r y o u t a p r e l i m i n a r y e c o n o m i c e v a l u a t i o n . 

T h e C i r q u e ' s d r i l l - i n d i c a t e d r e s e r v e s a r e u s e d a s a b a s e f o r t h i s 

s t u d y . A m i n i n g p l a n u s i n g a d i t a c c e s s a n d v e r t i c a l c r a t e r 

b l a s t h o l e - s t o p p i n g m e t h o d s i s p r o p o s e d . 

A c o n c e n t r a t o r d e s i g n e d f o r m i l l i n g 6 , 2 5 0 t o n n e s p e r d a y ( 2 

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

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

s e l e c t i v e f l o t a t i o n o f l e a d , z i n c , a n d s i l v e r - r i c h p y r i t e . A 

l e a c h i n g a n d r e f i n i n g s e c t i o n i s i n c l u d e d f o r s i l v e r r e c o v e r y f r o m 

t h e p y r i t e . T h i s m i n e r a l i z a t i o n i s i d e n t i c a l i n m e t a l l u r g y t o t h e 

l e a d z i n c d e p o s i t s a t M e g g e n a n d R a m m e l s b e r g i n G e r m a n y . 

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

M a c k e n z i e d u r i n g t h e i c e - f r e e s e a s o n , t h e n b y r a i l t o t h e p o r t . 

O t h e r w i s e , s t o c k - p i l i n g o f c o n c e n t r a t e w i l l o c c u r w h e n b a r g e 

t r a n s p o r t a t i o n i s n o t p o s s i b l e . 

No t o w n s i t e i s e n v i s a g e d ; i n s t e a d , a s i n g l e p e r s o n s c o m p l e x w i t h a 

f l y - i n , f l y - o u t s c h e m e i s p l a n n e d . 

T o t a l p r e p r o d u c t i o n c a p i t a l c o s t s a r e e s t i m a t e d a t $ 4 1 6 m i l l i o n i n 

c o n s t a n t 1 9 8 2 d o l l a r s . O p e r a t i n g c o s t s a r e e s t i m a t e d t o b e $ 3 5 

p e r t o n n e m i l l e d . 



O r e R e s e r v e s 

T h e m a s s i v e s t r a t i f o r m C i r q u e d e p o s i t , a s d e l i n e a t e d b y 3 6 d i a m o n d 

d r i l l h o l e s , i s 1 , 0 0 0 m e t r e s l o n g , 3 0 0 m e t r e s w i d e a n d 2 t o 7 0 

m e t r e s t h i c k . T h i s m a s s i v e b a r i t e - s u l p h i d e b o d y i s h o s t e d i n 

b l a c k e l a s t i c s h a l e t r e n d i n g n o r t h w e s t a n d d i p p i n g a t 2 0 t o 3 0 

d e g r e e s s o u t h w e s t . 

A d r i l l i n d i c a t e d r e s e r v e o f 4 0 m i l l i o n t o n n e s g r a d i n g 2 . 2 % l e a d , 

8 . 0 % z i n c , a n d 4 7 g r a m s p e r t o n n e s i l v e r , c o n t a i n i n g a h i g h e r 

g r a d e p o r t i o n o f 1 3 . 7 m i l l i o n t o n n e s g r a d i n g 3 . 2 % l e a d , 1 1 . 0 % 

z i n c a n d 7 0 . 3 g r a m s p e r t o n n e s i l v e r , w a s c a l c u l a t e d . 

N a r r o w h i g h g r a d e i n t e r s e c t i o n s i n s e v e r a l w i d e s p a c e d d r i l l h o l e s 

s o u t h o f t h e d e p o s i t i n d i c a t e s i t s s o u t h e r l y c o n t i n u a t i o n . A 

g e o l o g i c a l r e s e r v e o f 1 0 m i l l i o n t o n n e s o f s i m i l a r g r a d e c a n b e 

a n t i c i p a t e d w i t h a d d i t i o n a l d r i l l i n g . 

M i n i n g 

D u e t o m o u n t a i n o u s t e r r a i n , a c c e s s w i l l b e b y t w o a d i t s . O n e , 2 . 5 

k m l o n g a n d m e a s u r i n g 4 . 5 m b y 4 . 0 m , w i l l s e r v e a s a m a i n h a u l a g e 

l e v e l ; t h e o t h e r , s l i g h t l y s h o r t e r a n d o f s m a l l e r d i m e n s i o n , w i l l 

f a c i l i t a t e v e n t i l a t i o n a n d p r o v i d e a n a l t e r n a t e e s c a p e w a y . 

T h e m a s s i v e c h a r a c t e r o f t h e o r e b o d y , a n d i t s i n d i c a t e d g r a d e , 

p r e c l u d e s e l e c t i v e m i n i n g m e t h o d s a n d d i c t a t e l o w c o s t b u l k m i n i n g 

a p p l i c a t i o n s . A m o d i f i e d b l a s t h o l e o r v e r t i c a l c r a t e r r e t r e a t 

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

d i p a n d c o n s i s t o f p r i m a r y , s e c o n d a r y , a n d t e r t i a r y s t o p e s 

( F i g u r e s I I - I I I ) . P r i m a r y s t o p e s w i l l b e 2 0 m w i d e b y 1 0 0 m 

l o n g a n d w i l l v a r y f r o m 2 0 t o 7 0 m i n ne igh 4 - S e c o n d a r y s t o p e s 



c o n s i s t o f 2 0 m w i d e p a n e l s o n e i t h e r s i d e o f t h e p r i m a r y s t o p e . 

A r i b p i l l a r o f 1 0 m w i d t h w i l l b e l e f t b e t w e e n t h e s e c o n d a r y a n d 

t e r t i a r y s t o p e s , e a c h o f w h i c h h a s a w i d t h o f A O m . 

P r i n c i p a l p r e - p r o d u c t i o n m i n e d e v e l o p m e n t ( F i g . I V ) c o n s i s t s o f : 

1 ) T w o a d i t s t o p r o v i d e a c c e s s a n d v e n t i l a t i o n ; 

2 ) A f o o t w a l l r a m p s y s t e m c o n n e c t i n g t h e m a i n h a u l a g e l e v e l 

w i t h t h e v a r i o u s p r o d u c t i o n a n d d r i l l a d i t l e v e l s ; 

3 ) A h a n g i n g w a l l v e n t i l a t i o n r a i s e t o p r o v i d e v e n t i l a t i o n 

o f t h e p r o d u c t i o n h o r i z o n s ; 

A ) A n o r e a n d w a s t e p a s s s y s t e m , h a u l a g e d r i f t s a n d a m u c k 

t r a n s f e r l e v e l ; 

5 ) S t o p e d e v e l o p m e n t f o r t h r e e s t o p i n g b l o c k s , c o n s i s t i n g o f 

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

p e r s t o p e . 

A p r e - p r o d u c t i o n d e v e l o p m e n t s c h e d u l e i s i l l u s t r a t e d o n p a g e 9 . 

A t a p r o d u c t i o n r a t e o f 2 m i l l i o n t o n n e s p e r y e a r , m i n e l i f e i s 

e x p e c t e d t o b e 1 5 y e a r s . A p p r o x i m a t e l y 8 m i l l i o n t o n n e s o f o r e 

w i l l b e l e f t b e h i n d a s p i l l a r s , c o n s t i t u t i n g a n e x t r a c t i o n r a t e o f 

7 8 p e r c e n t . 





M e t a l l u r g i c a l p r o j e c t i o n s a n d t h e c o n c e n t r a t o r f l o w s h e e t a r e b a s e d 

o n b e n c h s c a l e l a b o r a t o r y t e s t w o r k . P r e l i m i n a r y t e s t w o r k o n 

c o m p o s i t e d d i a m o n d d r i l l c o r e s i n d i c a t e d t h a t a c o n c e n t r a t e c a n b e 

p r o d u c e d f r o m t h e C i r q u e o r e . T h e z i n c c o n c e n t r a t e p r o d u c e d i s o f 

e x c e l l e n t q u a l i t y a n d e s s e n t i a l l y f r e e f r o m d e l e t e r i o u s e l e m e n t s . 

T h e l e a d c o n c e n t r a t e i s o f a v e r a g e q u a l i t y . A b o u t h a l f t h e s i l v e r 

r e p o r t s t o t h e l e a d a n d z i n c c o n c e n t r a t e s . T h e r e s t o f t h e s i l v e r 

r e p o r t s t o a s i l v e r - r i c h p y r i t e c o n c e n t r a t e f r o m w h i c h t h e s i l v e r 

w i l l b e e x t r a c t e d b y c y a n i d e l e a c h i n g . 

T h e c o n c e p t u a l m i l l d e s i g n h a s a n a n n u a l t h r o u g h p u t o f 2 , 0 0 0 , 0 0 0 

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

s e c o n d a r y b a l l m i l l a n d a t e r t i a r y b a l l m i l l , w i t h c y c l o n e 

c l a s s i f i c a t i o n . S e p a r a t e l e a d , z i n c , a n d p y r i t e f l o t a t i o n 

s e c t i o n s a l o n g w i t h r e g r i n d m i l l s a r e p r o v i d e d . A c y a n i d a t i o n 

p l a n t f o r s i l v e r r e c o v e r y f r o m p y r i t e c o n c e n t r a t e i s i n c l u d e d , a n d 

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

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

f r e s h w a t e r s u p p l y , a n d w a r e h o u s e a n d a d m i n i s t r a t i o n f a c i l i t i e s 

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

r e l a t e d f a c i l i t i e s . T h i s e s t i m a t e w a s p r e p a r e d b y K i l b o r n 

E n g i n e e r i n g L t d . , a n d t o t a l s $ 2 3 5 m i l l i o n ( 1 9 8 2 C a n . $ ) . 



CIRQUE DEPOSIT DEVELOPMENT SCHEDULE 
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A C C E S S R A M P S 

S T O R E P R E P A R A T I O N 

P R O D U C T I O N 

MLL ft SURFACE FACUTES 
M E T A L L U R G I C A L T E S T I N Q 

E N O I N E E R I N O 

C O N S T R U C T I O N 

O P E R A T I O N 



T h e a v e r a g e p l a n t m e t a l l u r g i c a l p e r f o r m a n c e ( T a b l e I I ) i s b a s e d o n 

t e s t w o r k p e r f o r m e d t o t h e e n d o f 1 9 8 1 o n a c o m p o s i t e o f t h e 

p r i n c i p a l o r e t y p e s w i t h i n t h e d e p o s i t a n d t h e r e s p e c t i v e 

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

T A B L E I I 

P L A N T M E T A L L U R G I C A L B A L A N C E 

G r a d e R e c o v e r y % 

% % G m s / T o n n e 
L e a d Z i n c S i l v e r L e a d Z i n c S i l v e r 

L e a d C o n c e n t r a t e 5 2 1 2 7 7 0 8 
Z i n c C o n c e n t r a t e 5 8 1 3 7 8 7 3 5 

S i l v e r : A s s u m e 5 4 % i n t h e f e e d r e p o r t s t o t h e p y r i t e 
c o n c e n t r a t e . L e a c h i n g p r o c e s s r e c o v e r s 8 5 % o f t h i s . 

C o n c e n t r a t e T r a n s p o r t a t i o n 

D u r i n g i c e - f r e e c o n d i t i o n s o n W i l l i s t o n L a k e , c o n c e n t r a t e s w i l l b e 

t r u c k e d f r o m t h e m i l l s i t e t o I n g e n i k a , t h e n t u g a n d b a r g e 

t r a n s p o r t e d t o M a c k e n z i e w h e r e t h e c o n c e n t r a t e s w i l l b e l o a d e d o n 

r a i l f o r t r a n s p o r t t o P r i n c e R u p e r t , o r a l t e r n a t i v e l y , N o r t h 

V a n c o u v e r . S t o c k - p i l i n g w i l l t a k e p l a c e w h e n w a t e r t r a n s p o r t a t i o n 

i s n o t p o s s i b l e . T h e t o t a l c o s t t o t h e ^ s h i p p i n g p o r t , i n c l u d i n g 

t e r m i n a l c o s t s a n d s h i p l o a d i n g , i s $ 7 3 > p e r D M T . I n a d d i t i o n , 

t h e r e i s a f i x e d a n n u a l c o s t o f $ 1 , 9 0 0 , 0 0 0 p e r y e a r f o r m i n e r o a d 

m a i n t e n a n c e . 
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P o w e r S u p p l y 

A r r a n g e m e n t s h a v e b e e n m a d e w i t h B . C . H y d r o t o c a r r y o u t r o u t e 

s t u d i e s f o r p o w e r s u p p l y f r o m B e n n e t t D a m t o t h e C i r q u e s i t e . A 

" m o s t f a v o u r a b l e " r o u t e h a s b e e n s e l e c t e d ( s e e M a p I I ) f o r a 2 3 5 

K v l i n e . A n e s t i m a t e d c a p i t a l c o s t f o r c o n s t r u c t i o n o f t h e l i n e 

a n d t r a n s f o r m e r s t o d e l i v e r p o w e r ( 1 4 0 m i l l i o n K W H / y r . , i n s t a n t a n 

e o u s r a t e o f 2 5 m e g a w a t t s ) o n s i t e i s a p p r o x i m a t e l y $ 6 9 m i l l i o n i n 

1 9 8 2 d o l l a r s . 

C o a l l o c a t e d n o r t h e a s t o f W i l l i s t o n L a k e i s b e i n g e v a l u a t e d a s a n 

a l t e r n a t i v e e n e r g y s o u r c e . T h e p r i m a r y o b j e c t i v e i s t o d e f i n e l o w 

c o s t s t e a m c o a l r e s e r v e s t o s u p p l y e n e r g y f o r p l a n t a n d 

a c c o m m o d a t i o n h e a t i n g , c o n c e n t r a t e d r y i n g a n d a l t e r n a t i v e 

e l e c t r i c a l p o w e r g e n e r a t i o n . 

T h e p o s s i b i l i t y o f c o n s t r u c t i n g a n a t u r a l g a s p i p e l i n e f r o m t h e 

v i c i n i t y o f T r u c h , B . C . , t o p r o v i d e o n - s i t e p o w e r g e n e r a t i o n , 

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

T h i s a l t e r n a t i v e a p p e a r s t o o f f e r s a v i n g s i n i n i t i a l c a p i t a l 

c o s t s , a s w e l l a s f a v o u r a b l e o p e r a t i n g c o s t s . 

C a p i t a l a n d O p e r a t i n g C o s t s 

D e v e l o p m e n t c o s t s f o r t h e C i r q u e d e p o s i t a r e e s t i m a t e d a t $ 4 1 4 

m i l l i o n ( 1 9 8 2 $ ) a n d a r e d e t a i l e d i n T a b l e I I I . O n g o i n g c a p i t a l 

e x p e n d i t u r e s a r e o u t l i n e d i n T a b l e I V . I n a d d i t i o n t o t h e m a i n 

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

e x p e n d i t u r e s i n c l u d e a p o w e r l i n e f r o m t h e B e n n e t t D a m t o t h e 

m i n e s i t e . 

T h e c o s t o f a s i n g l e p e r s o n s c o m p l e x ( S P Q ) i s $ 1 4 m i l l i o n , v e r s u s 
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a t o w n s i t e c o s t o f o v e r $ 6 0 m i l l i o n . T h e c o s t o f f l y - i n , f l y - o u t 

a n d o p e r a t i o n o f t h e S P Q a r e i n c l u d e d i n t h e G & A c o s t s a n d t h e s e 

c o s t s a r e a p p r o x i m a t e l y t h e s a m e a s t h e c o s t o f o p e r a t i n g a 

t o w n s i t e . 

A G e n e r a l a n d A d m i n i s t r a t i o n c o s t ( G & A ) o f $ 1 5 , 8 7 3 , 0 0 0 p e r a n n u m 

w a s i n c l u d e d t o c o v e r a l l a d m i n i s t r a t i o n a n d s t a f f d e p a r t m e n t 

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

h e a d o f f i c e . A s u m m a r y o f p r o d u c t i o n c o s t s i n 1 9 8 2 d o l l a r s i s : 

1 9 8 2 P R O D U C T I O N C O S T S 

$ / T o n n e M i l l e d 

3 . 8 9 

4 . 4 4 

5 . 0 0 

3 . 8 8 

1 7 . 2 1 

8 . 0 3 

2 . 0 6 

1 0 . 0 9 

7 . 9 4 

7 . 9 4 

T o t a l 1 9 8 2 P r o d u c t i o n C o s t • 3 5 . 2 4 

D e v e l o p m e n t 

P r o d u c t i o n 

M a i n t e n a n c e 

G e n e r a l 

T o t a l M i n i n g 

M i l l 

P r o d u c t i o n 

M a i n t e n a n c e 

T o t a l M i l l i n g 

G e n e r a l & A d m i n 

T o t a l G & A 

- 1 2 -



T h e m o n e t a r y i m p a c t o f t h e p r o j e c t i s s u m m a r i z e d i n u n d i s c o u n t e d 

d o l l a r s b y t h e f o l l o w i n g c a s e s . C a s e 1 e v a l u a t e s t h e c u r r e n t 

d r i l l - i n d i c a t e d r e s e r v e s . C a s e 2 e v a l u a t e s t h e p o t e n t i a l o f t h e 

d e p o s i t w h i c h i n c l u d e s t h e e x p e c t e d r e s e r v e s . 

M i l l i o n s o f C a n a d i a n D o l l a r s 

C a s e 1 C a s e 2 

e q u a l s : 

R e v e n u e 1 2 1 2 8 3 3 1 4 0 

O p e r a t i n g C o s t s 8 5 2 0 2 3 7 9 5 

G o v e r n m e n t R o y a l t i e s 3 8 8 1 1 9 0 

T a x e s 1 0 4 1 3 3 2 2 
C a p i t a l 7 8 3 1 1 5 1 

N e t C a s h F l o w : 1 3 9 6 3 6 8 2 

T h e a b o v e t a b l e w a s c o n s t r u c t e d u s i n g t h e a s s u m p t i o n t h a t t a x 

c r e d i t s a r e t a k e n w h e n a v a i l a b l e . O t h e r k e y a s s u m p t i o n s a n d c a s h 

f l o w s f o r b o t h c a s e s a r e i n t h e A p p e n d i x . 
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D I S T R I C T P O T E N T I A L 

A t t h e C i r q u e d e p o s i t , d r i l l i n g h a s t e s t e d f o r t y p e r c e n t o f t h e 

l e a d - z i n c g e o c h e m i c a l a n o m a l y . T o d a t e , 4 0 m i l l i o n t o n n e s o f 

m i n e r a l i z a t i o n h a v e b e e n f o u n d . T h e d e p o s i t e x t e n d s s o u t h w a r d , 

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

N a r r o w , h i g h g r a d e , s t e e p l y d i p p i n g m i n e r a l i z a t i o n o n t h e E l f 

p r o p e r t y h a s b e e n t r a c e d f o r 8 0 0 m e t r e s a n d d r i l l t e s t e d t o 6 0 0 

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

e x t e n s i o n . O n l y o n e k i l o m e t r e o f a n e i g h t k i l o m e t r e h o r i z o n o f 

f a v o u r a b l e h o s t r o c k a s s o c i a t e d w i t h l e a d - z i n c g e o c h e m i c a l 

a n o m a l i e s h a s b e e n d r i l l e d . 

A n e w d i s c o v e r y o f s t r a t i f o r m " C i r q u e t y p e " m i n e r a l i z a t i o n a t t h e 

F l u k e s u g g e s t s t h e p r e s e n c e o f a n a d d i t i o n a l d e p o s i t . D r i l l 

t e s t i n g i s p l a n n e d i n t h e 1 9 8 2 - 8 3 f i e l d s e a s o n s . 

A n o t h e r b a r i t e - l e a d - z i n c - s i l v e r d e p o s i t w a s d i s c o v e r e d i n a 

c o n t i n u a t i o n o f t h i s n o r t h w e s t - t r e n d i n g b e l t o f r o c k s i n t o 

K w a d a c h a P a r k . C y p r u s A n v i l h a s a p p l i e d f o r t h e m i n e r a l r i g h t s 

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

T h e s p a t i a l a s s o c i a t i o n o f t h e s e d e p o s i t s w i t h s i m i l a r g e o l o g i c 

s t r a t a , t h e c o n c e n t r a t i o n o f s u r f a c e s h o w i n g s o v e r a 6 0 k i l o m e t r e 

b e l t , a n d t h e p r e s e n c e o f t h e C i r q u e d e p o s i t e s t a b l i s h e s t h e 

r e a l i t y o f a m a j o r l e a d - z i n c - s i l v e r d i s t r i c t w i t h e x c e l l e n t 

p o t e n t i a l f o r s e v e r a l d e p o s i t s . 
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1 9 8 2 P R O G R A M S A N D F U T U R E D E V E L O P M E N T 

T h e d i s c o v e r y o f t h e C i r q u e d e p o s i t a n d o t h e r m i n e r a l i z e d b o d i e s 

i n d i c a t e t h e p r e s e n c e o f a n i m p o r t a n t l e a d - z i n c d i s t r i c t i n 

B r i t i s h C o l u m b i a . I n 1 9 8 2 , C y p r u s A n v i l p l a n s a c o n t i n u a t i o n o f 

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

d e f i n i t i o n o n t h e C i r q u e d e p o s i t , e x p l o r a t o r y d i a m o n d d r i l l i n g 

b o t h f o r p o r t a l - a d i t d e v e l o p m e n t a n d e x p l o r a t i o n f o r a d d i t i o n a l 

d e p o s i t s i n t h e s o u t h e r n p o r t i o n o f t h e C i r q u e c l a i m s , a n d 

f o l l o w - u p d r i l l i n g o n t h e k n o w n m i n e r a l i z e d h o r i z o n s o n b o t h F l u k e 

a n d E l f s h o w i n g s . C o n t i n u e d m a p p i n g o f t h e l a t t e r p r o p e r t i e s a n d 

e x p l o r a t i o n t e s t i n g o f g e o c h e m i c a l a n o m a l i e s r e m o t e f r o m k n o w n 

s h o w i n g s i s a l s o s c h e d u l e d . 
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TABLE I I I 

S u m m a r y o f P r e - P r o d u c t i o n E x p e n d i t u r e s 

( 1 9 8 2 $ C d n . 0 0 0 ' s ) 

1 9 8 3 1 9 8 4 1 9 8 5 1 9 8 6 1 9 8 7 T o t a l 

M i n e D e v e l o p m e n t 5 , 7 2 4 1 2 , 0 0 0 1 6 , 2 0 4 3 8 , 8 0 0 2 2 , 7 0 0 9 5 , 4 2 8 
P o w e r S u p p l y * 2 , 0 0 0 5 , 8 0 0 1 1 , 9 6 0 2 7 , 5 0 8 2 1 , 6 3 2 6 8 , 9 0 0 
P l a n t , E q u i p m e n t & 

F a c i l i t i e s - - 3 1 , 1 3 6 8 8 , 5 9 2 1 1 5 , 8 0 8 2 3 5 , 5 3 6 
S i n g l e P e r s o n s 

C o m p l e x - - - - 1 4 , 5 6 0 1 4 , 5 6 0 

T o t a l s 7 , 7 2 4 1 7 , 8 0 0 5 9 , 3 0 0 1 5 4 , 9 0 0 1 7 4 , 7 0 0 4 1 4 , 4 2 4 

* E s t i m a t e s p r o v i d e d b y B . C . H y d r o . 
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TABLE IV  
Continuing Capital Expenditures 

(1982 $Can. OOP's) 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

Single 
Persons 
Complex 

Mill 
Mine 

200 200 200 200 200 200 200 200 200 200 200 100 100 100 
10700* 1000 1000 1000 1000 1000 1000 1000 500 500 500 

800 800 1800 1800 1800 2800 2800 2800 2800 2800 2800 1400 

TOTAL 1000 1000 2000 12700 3000 4000 4000 4000 4000 4000 4000 2000 600 600 

• Tailings Dam 
$Can. 9,700,000 



T A B L E V 

C I R Q U E D I S T R I C T 

T O N N A G E A N D G R A D E C O M P I L A T I O N 

R E S E R V E S 

( O O O T o n n e s ) 

G R A D E 

Z n X A g g m t 

C I R Q U E 

D r i l l I n d i c a t e d R e s e r v e s 
G e o l o g i c a l R e s e r v e s 
R e s e r v e s t o b e D i s c o v e r e d 

T O T A L 

4 0 , 0 0 0 
1 0 , 0 0 0 
2 0 , 0 0 0 

7 0 , 0 0 0 

2 . 2 
n / a 
n / a 

8 . 0 
n / a 
n / a 

4 7 
n / a 
n / a 

E L F 

D r i l l I n d i c a t e d R e s e r v e s 
R e s e r v e s t o b e D i s c o v e r e d 

T O T A L 

2 , 0 0 0 u r 
3 0 , 0 0 0 

3 2 , 0 0 0 

2 . 0 
n / a 

6 . 0 
n / a 

3 0 
n / a 

F L U K E 

R e s e r v e s t o b e D i s c o v e r e d 

T O T A L 

1 0 , 0 0 0 

1 1 2 , 0 0 0 

n / a n / a n / a 
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TABLE VI 

KEY ASSUMPTIONS 

1. Pricing (1982 U.S. $) 

Zinc 
Lead 
Silver 
Gold 

$ 0.54/lb 
$ 0.44/lb 
$ 12.00/oz 
$500.00/oz 

2. Inflation and Exchange Rates 

Price 

Inflation (%) 
Capital 

Cost 
Operating 

Cost 
Exchange 

$Cdn./$ U.S. 

1983 
1984 
1985+ 

9 
9 
9 

11 
11 
9 

11 
11 
9 

0.82 
0.82 
0.82 
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TABLE VII 
ILLUSTRATIVE - SAMPLE CALCULATIONS 

PROPSSTSES 

CIRQUE D E P O S I T — i s YEARS L I F E 

CASH noe PAGE 
TWOVSAK&S OP DOLLARS 

YE Alt REVENUE 
OPEXfiTZKG 
COSTS 

ROYALTIES 
PRIVATE ftOVEWO£EMT IKTEKE5T TAXES CAPITAL DEIT 

•ORSIMO 
CAPITAL CASH FLO* 

1982 (1 446) 2 000 (5543 
1983 17 029) 10 891 (3 861) 
1984 (16 430) 27 102 (10 672) 

1985 (39 540) 85 777 (46 237) 
1986 (106 414) 231 749 (125 334) 
1987 (133 333) 284 433 (151 151) 
1988 537 351 m 847 39 664 1 755 151 084 
1989 527 660 348 712 . 46 636 1 913 130 418 

1990 306 039 351 298 45 658 4 170 106 913 
1991 S71 613 391 595 57S32 29 544 92 941 
1992 m 865 436 435 5 967 74 809 7 431 120 222 
1993 £54 294 «54 266 22 050 74 061 10 800 93 117 
1994 693 787 486 925 21 138 78 Ul 11 772 95 091 

tm 783 267 542 717 2 i m % 473 12 832 U l 394 

rm 667 805 597 915 25 877 107 701 13 987 122 325 
1997 860 772 614 m 38 m 97 705 15 246 94 885 

2998 913 399 658 632 34 623 101 335 16 618 102 142 

1999 986 182 713 916 35 748 110 078 9 057 117 384 

2000 1 037 947 762 866 38 392 113 077 2 962 120 651 

2901 1 271 048 £93 092 39 142 158 484 3 228 177 103 
2002 t 269 649 922 370 54 807 146 635 145 B36 
2003 50 566 (1 778) (48 789) 

W 0 12^127*716 8»520»299 ]B8>447 1I04OI745 783*316 1*394*909 

P V J O 3r233t324 2»243r426 78*15! 148*846 455r794 307i l06 

2i567i503 I i776i997 9Bf335 Ks705 414*889 226*577 
PV15 Ii850f750 li276»227 38*222 32*431' 362*672 141rl99 

k 
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TABLE VIII 
ILLUSTRATIVE - SAMPLE CALCULATIONS 

crrtoi ftMvit — K P R O P E R T I E S 

0PCXATXM6 
REVEifUE COSTS 

2987 
IQftfl 344 847 

348 712 

tisms. D E P O S I T — ; ^ YEARS t i n 
CASH I'L'Ti PACE 

THOUSAOTS Of DCU&ftS 
ROYALTIES 

PRIVATE COVEEWeHT XHTEREST T A X E S 

(1 446) 
(7 029) 

(16 430) 

(106 424) 
(133 333) 

38 449 
45 314 

C A P I T A L 

2 000 
10 891 
27 102 

65 777 
231 749 
284 483 

3 510 

K 9 T 

•0RSIH5 
CAPITAL CASH PLOD 

(554) 

(3 861) 
(10 672) 

(46 237) 
(125 334) 
(151 151) 
150 544 
129 828 

in 

1 

1990 508 039 
1991 571 613 

1995 733 

351 298 
391 595 
436 435 

542 717 
597 915 

«14 m 
658 682 

713 916 

5 068 
21 771 
20 834 

21 514 
25 171 

34 917 

44 218 
55 965 
73 102 

92 272 

ICS 490 

6 255 
31 817 
9 909 

13 500 

14 716 

16 040 

20 772 
22 642 

106 268 
92 236 

120 351 
92 554 
94 477 

110 723 
121 938 
95 730 

101 602 
109 218 

L 

Id 

2000 1 037 947 'h a 866 37 281 105 964 24 679 107 157 

2001 I VI 048 8* ?3 092 37 428 149 294 26 901 164 333 

2002 1 269 649 f E2 370 52 433 135 043 29 322 130 481 
2003 I 383 733 1 01 S 384 47 545 147 199 31 961 151 648 

i m 066 1 r$ 868 51 607 162 826 31 353 166 232 

2005 l 643 629 1V M 496 57 145 179 903 18 986 193 099 

2006 S 791 372 I s 12 001 & 616 197 668 20 695 208 393 

2007 1 ¥52 411 1 419 181 68 814 216 523 22 557 225 336 

2008 2 127 945 I & 16 907 75 398 236 718 24 588 244 334 

2009 2 219 276 1 & i& 129 82 451 262 193 21 440 267 061 

2010 2 527 826 % r [7 681 f l 119 286 072 23 370 289 385 

2011 2 755 147 201 )3 290 99 444 311 979 25 473 314 961 

us m 
340 133 

(8 236) 
27 766 342 965 

(110 055) 

PV 8 »14Ci067 23r793»02i 
»944»2ll 3»487r054 
t*42»34i 2iS57iS50 
sS95fSC8 1P672s266 

1I189I634 
1S5>505 
93»317 
55t l69 

3?321sB0i 

J00»303 

mm 

b!50i619 
501.777 

3f682t99l 
493*570 
343.197 
19?iB6A 
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SUMMARY 

A major l e a d - z i n c - s i l v e r d i s t r i c t has been i d e n t i f i e d i n the Akie d i s t r i c t , some 
230 k i l o m e t e r s north of Mackenzie i n n o r t h e a s t e r n B r i t i s h Columbia. 

The Cirque Deposit, which c o n t a i n s a c u r r e n t r e s e r v e of 40 m i l l i o n tonnes of 10% 
combined le a d - z i n c w i t h 47 grams per tonne s i l v e r , s t i l l remains open to the south. 

A d d i t i o n a l reserves have been o u t l i n e d on the Cirque p r o p e r t y . The South C i r q u e 
D e p o s i t , discovered i n 1982, has been i n t e r s e c t e d by seven d r i l l h oles w i t h an 
e s t i m a t e d resource and t a r g e t zone p o t e n t i a l of 20 m i l l i o n tonnes. A d r i l l h o l e 
c o l l a r e d to i n t e r s e c t m i n e r a l i z a t i o n 200 meters down-dip from sur f a c e b a r i t e -
s u l p h i d e m i n e r a l i z a t i o n on the Fluke c l a i m s o u t l i n e d s e v e r a l narrow s u l p h i d e h o r i 
zons over a 20 meter t h i c k n e s s of s i l t s t o n e b r e c c i a i d e n t i c a l t o the formation 
h o s t i n g the South Cirque D e p o s i t . 

T o t a l expenditures i n the A k i e D i s t r i c t are approximately $21 m i l l i o n , of which 
$17 m i l l i o n has been c a p i t a l i z e d on the Cirque p r o p e r t y . Work i n c l u d e s 62,000 
meters of diamond d r i l l i n g , completion of a 1,600-meter a i r s t r i p , c o n s t r u c t i o n 
of 87 k i l o m e t e r s of a l l - w e a t h e r road and purchase of c a p i t a l equipment t o support 
an underground e x p l o r a t i o n program. 

The e a r l y i d e n t i f i c a t i o n of the South Cirque Deposit enhances the v i a b i l i t y of 
a f u t u r e mining scheme by not only o u t l i n i n g a d d i t i o n a l r e s e r v e s , but by d e l i n e a 
t i n g zones of higher grade m a t e r i a l that l i e along the contemplated route of the 
Cirque production a d i t . Another year of surface diamond d r i l l i n g i s r e q u i r e d t o 
d e f i n e the reserve p o t e n t i a l and d i s t r i b u t i o n of grade w i t h i n the South Cirque 
D e p o s i t , from which an optimum schedule f o r underground development of the p r o 
p e r t y can be determined. 

The magnitude of the u l t i m a t e p r o j e c t can be compared t o the A n v i l mining opera
t i o n s . A d d i t i o n a l tonnage o u t l i n e d on the Cirque and p o t e n t i a l r e serves on the 
E l f and Fluke claims can o n l y enhance the long term v i a b i l i t y of the Cirque 
development. 



CIRQUE POTENTIAL 

Cirque Deposit 

The massive s t r a t i f o r m Cirque Deposit, as d e l i n e a t e d by 36 diamond d r i l l h o l e s , 
i s 1,000 meters l o n g , 300 meters wide and v a r i e s from 2 to 70 meters t h i c k . T h i s 
t a b u l a r b a r i t e - s u l p h i d e body, o c c u r r i n g w i t h i n a b l a c k s i l i c e o u s shale envelope, 
l i e s along the southwest d i p p i n g limb of a northwest t r e n d i n g a n t i c l i n e . The c u r 
r e n t reserve of 40 m i l l i o n tonnes of 2.2% l e a d , 7.8% z i n c and 47 grams per tonne 
s i l v e r , c o n t a i n s a n o r t h - c e n t r a l block of 14 m i l l i o n tonnes grading 3.2% l e a d , 
11.0% z i n c and 70 grams per tonne s i l v e r . A c r u d e l y c a l c u l a t e d mining r e s e r v e , 
based on a conceptual bulk mining method r e q u i r i n g a minimum t h i c k n e s s of 10 
meters and a n t i c i p a t e d c u t - o f f of 8%, was c a l c u l a t e d at 20.5 m i l l i o n tonnes g r a 
ding 3.0% l e a d , 9.4% z i n c and 60 grams per tonne s i l v e r . Although the deposit 
remains open to the south, a g e o l o g i c a l e s t i m a t e of t h i s s t r i k e e x t e n s i o n i s not 
i n c l u d e d i n the reserve c a l c u l a t i o n s . 

The s i t u a t i o n of the deposit plunging to the s o u t h , a s s o c i a t e d w i t h an extreme 
r i s e i n topography, negates f u r t h e r d e l i n e a t i o n from s u r f a c e . Close-spaced s u r 
face d r i l l i n g to f u r t h e r d e f i n e a mining r e s e r v e w i t h i n the known boundaries i s 
c o n s i d e r e d unproductive due to the high cost and u n p r e d i c t a b l e hole d e v i a t i o n 
encountered i n hanging-wall formations. 

S u f f i c i e n t data was a v a i l a b l e by January, 1982 t o conduct a p r e l i m i n a r y economic 
e v a l u a t i o n using the above d r i l l - i n d i c a t e d r e s e r v e s . A conceptual underground 
bulk mining scheme u s i n g two a d i t s was proposed. M e t a l l u r g i c a l p r o j e c t i o n s and 
the concentrator flowsheet were based on l a b o r a t o r y testwork. The conceptual m i l l 
d esign had an annual throughput of 2,000,000 tonnes t h a t would approximately p r o 
duce 45,000 and 250,000 tonnes of lead and z i n c c o n c e n t r a t e r e s p e c t i v e l y . De
t a i l e d s t u d i e s of concentrate t r a n s p o r t a t i o n , power supply and o p e r a t i n g c o s t s 
were a l s o i n c l u d e d i n t h i s e v a l u a t i o n . T o t a l p r e - p r o d u c t i o n c a p i t a l c o s t s were 
estimated at $416 m i l l i o n i n 1982 d o l l a r s . 

R e s u l t s of t h i s economic study r e s u l t e d i n a p l a n f o r a two year program of under
ground e x p l o r a t i o n , t e s t s t o p i n g and m e t a l l u r g i c a l t e s t i n g t h a t would pro v i d e a 
b a s i s f o r a f e a s i b i l i t y study. I n i t i a t i o n of a three k i l o m e t e r , 4 x 3.5 meter 
e x p l o r a t i o n a d i t t o provide d i r e c t access to the d e p o s i t was proposed i n 1983. 
This a d i t , c o l l a r e d at 1,500 meters, would a l s o be used as an i n t e g r a l p a r t of the 
u l t i m a t e mine development, p r o v i d i n g a l t e r n a t e a c c e s s , a i r r e t u r n , as w e l l as 
equipment and s a f e t y routes that would be l i n k e d t o the main p r o d u c t i o n a d i t c o l 
l a r e d at 1,200 meters. 

The l o g i s t i c a l base to support the underground program, which i n c l u d e d purchase 
of a 50-man camp, road maintenance equipment, s t e e l b r i d g e s and a s a w m i l l ; cons
t r u c t i o n of 87 k i l o m e t e r s of a l l - w e a t h e r g r a v e l road t o w i t h i n 300 meters of the 
proposed e x p l o r a t i o n p o r t a l s i t e and completion of the Finbow a i r s t r i p t o accom
modate her c u l e s a i r c r a f t , i s now i n p l a c e . C o n s t r u c t i o n of the i n i t i a l e x p l o r a 
t i o n a d i t i s now contingent on the p o t e n t i a l r e s e r v e to be d e f i n e d i n the South 
Cirque Deposit. 
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South Cirque Deposit 

The 1982 deep d r i l l i n g program, based on g e o l o g i c a l i n t e r p r e t a t i o n , was s u c c e s s f u l 
i n d i s c o v e r y of an a d d i t i o n a l b a r i t e - s u l p h i d e body termed the South Cirque Depo
s i t . T h i s d e p o s i t , i n t e r s e c t e d by seven d r i l l h o l e s along three c o n s t r u c t e d c r o s s 
s e c t i o n s , has been o u t l i n e d over a length of 700 meters, a width up to 250 meters 
and a t h i c k n e s s of 2 t o 30 meters. M i n e r a l i z a t i o n encountered to date i s s i m i l a r 
t o p y r i t i c and b a r i t i c f a c i e s found i n the Cirque D e p o s i t . The p y r i t i c f a c i e s , 
averaging 11 to 17% combined l e a d - z i n c w i t h 50 - 60 grams per tonne s i l v e r , c onsis-
t a n t l y occurs at the base of the d e p o s i t . The b a r i t i c f a c i e s averages 6 t o 9% 
combined l e a d - z i n c w i t h 20 to 34 grams per tonne s i l v e r . 

P o t e n t i a l f o r a d d i t i o n a l r e s e r v e s i n the South C i r q u e area l i e s updip to the east 
as supported by l e a d - z i n c r a t i o s and trends of the ore-host rock f a c i e s . An order 
of magnitude c a l c u l a t i o n i n d i c a t e s a p o t e n t i a l r e s ource of 10 m i l l i o n tonnes. 
C o n t i n u i t y and t h i c k n e s s of m i n e r a l i z a t i o n o u t l i n e d so f a r would suggest the 
South Cirque Deposit has a p o t e n t i a l reserve of approximately 20 m i l l i o n tonnes. 

Continued surface d r i l l i n g i s r e q u i r e d t o o u t l i n e the p o t e n t i a l s i z e and d i s t r i b u 
t i o n of ore f a c i e s p r i o r t o i n i t i a t i o n of an underground e x p l o r a t i o n phase. The 
optimum development scheme and t i m i n g of e i t h e r the 1,500 or 1,200 meter a d i t i s 
contingent on the p o t e n t i a l impact of a South Cirque h i g h grade zone added t o the 
e x i s t i n g reserves of the Cirque Deposit. The South Cirque Deposit occurs at an 
e l e v a t i o n between 900 and 1,200 meters, d i r e c t l y below the proposed route of the 
1,200 l e v e l p r o d u c t i o n a d i t . The p o s i t i o n of t h i s a d i t i s i d e a l f o r f u r t h e r r e 
serve d e f i n i t i o n upon completion of the s u r f a c e program. 

Narrow, high-grade s u l p h i d e m i n e r a l i z a t i o n a s s o c i a t e d w i t h the f o o t w a l l s i l t s t o n e 
b r e c c i a , grading from 10 t o 427» combined l e a d - z i n c , has been i n t e r s e c t e d west of 
the South Cirque D e p o s i t . Although tonnage p o t e n t i a l appears l i m i t e d , the grade 
encountered makes i t a t t r a c t i v e f o r continued e x p l o r a t i o n . 



DISTRICT POTENTIAL 

Discovery of the South Cirque Deposit has in c r e a s e d the resource of p o t e n t i a l l y 
economic m i n e r a l i z a t i o n i n the Akie D i s t r i c t t o 60 m i l l i o n tonnes, averaging 107, 
combined l e a d - z i n c . This new zone supports past p r e d i c t i v e g e o l o g i c a l m o d e l l i n g 
i n d i c a t i n g the presence of s e v e r a l sub-basins w i t h a s s o c i a t e d b a r i t e - s u l p h i d e s 
on the Cirque p r o p e r t y . F u r t h e r reserve p o t e n t i a l e x i s t s both to the south and 
west of the Cirque - South Cirque t r e n d . 

An i n t e r s e c t i o n of su l p h i d e m i n e r a l i z a t i o n w i t h s p o r a d i c l e a d - z i n c v a l u e s , roughly 
200 meters down-dip from s u r f a c e b a r i t e m i n e r a l i z a t i o n , i n d i c a t e s the presence 
of an a d d i t i o n a l deposit on the Fluke c l a i m s . T h i s m i n e r a l i z a t i o n , c o n s i s t i n g 
of narrow s u l p h i d e i n t e r v a l s throughout a 20-meter s e c t i o n of s i l t s t o n e b r e c c i a , 
i s i d e n t i c a l to the g e o l o g i c a l s e t t i n g of the South Cirque Deposit. The presence 
of m i n e r a l i z a t i o n i n l i t h o l o g i e s i n d i c a t i n g sub-basin development on the Fluke 
supports the e x i s t e n c e of another d e p o s i t that may add a s i g n i f i c a n t reserve to 
the d i s t r i c t . 

Narrow, high-grade, s t e e p l y d i p p i n g b a r i t e - s u l p h i d e m i n e r a l i z a t i o n on the E l f has 
been t r a c e d f o r 800 meters along s t r i k e and 600 meters down-dip. Although only 
a l i m i t e d tonnage has been o u t l i n e d t o date, there i s p o t e n t i a l f o r t h i c k e n i n g 
to the south along the overturned limb of a northwest t r e n d i n g a n t i c l i n e . Poten
t i a l f o r a d d i t i o n a l d e p o s i t s i s e x c e l l e n t , as only one k i l o m e t e r of an e i g h t k i l o 
meter h o r i z o n of favourable host rock, w i t h a s s o c i a t e d l e a d - z i n c anomalies, has 
been t e s t e d . Surface exposures are s i m i l a r to the host u n i t s on the Cirque p r o 
p e r t y subcropping up-dip from the South Cirque D e p o s i t . 

An a d d i t i o n a l b a r i t e - s u l p h i d e d e p o s i t on Mt. Alc o c k remains w i t h i n Kwadacha 
Wilderness Park, t o which boundary change would be subject to a l e g i s l a t i v e 
d e c i s i o n . 

The d i s c o v e r y of the South Cirque Deposit and s p a t i a l a s s o c i a t i o n of s i m i l a r g e o l o 
g i c environments w i t h known m i n e r a l i z a t i o n supports the r e a l i t y of a major z i n c -
l e a d - s i l v e r d i s t r i c t , w i t h e x c e l l e n t p o t e n t i a l f o r a d d i t i o n a l r e s e r v e s . 
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PROPOSED 1983 PROGRAM AND FUTURE DEVELOPMENT 

D e f i n i t i o n of the South Cirque Deposit i s e s s e n t i a l p r i o r t o completion of an 
economic e v a l u a t i o n of the pr o p e r t y and i n i t i a t i o n of an underground e x p l o r a t i o n 
and development program. The p o s i t i o n of the i n i t i a l a d i t i s contingent upon the 
tonnage and grade of t h i s new d e p o s i t . 

A minimum of ten h o l e s , at an a n t i c i p a t e d c o s t of $2 m i l l i o n , i s r e q u i r e d i n 1983 
to c r u d e l y d e f i n e the re s e r v e p o t e n t i a l of t h i s d e p o s i t . 

The above d r i l l i n g program should enhance the v i a b i l i t y by i d e n t i f y i n g and dev e l o 
p i n g higher grade r e s e r v e s . The ongoing Cirque development schedule i n c l u d e s a 
two year underground program to pr o v i d e d i r e c t access t o the de p o s i t f o r r a p i d 
d e l i n e a t i o n by underground d r i l l i n g and t e s t s t o p i n g t o determine mining methods. 
The c o n f i g u r a t i o n of a d i t s w i l l a l s o form an i n t e g r a l p a r t of the u l t i m a t e mine 
development. 

The optimum schedule f o r the development of the Cirque property i n c l u d e s o v e r l a p 
ping schedules f o r a d i t , power l i n e , government permits and m i n e - m i l l development. 
While not e n t i r e l y interdependent, the i n d i v i d u a l schedule f o r the e x p l o r a t i o n 
a d i t o b v i o u s l y a f f e c t s a l l o t h e r s . At the c o n c l u s i o n of the proposed two year 
underground program i n 1984/85, a l l a v a i l a b l e data would be i n hand t o c a r r y out 
a f i n a l f e a s i b i l i t y on the p r o j e c t . 

The t o t a l cost of the proposed work t o achieve f i n a l f e a s i b i l i t y i s $25 m i l l i o n 
over three to four y e a r s . 


