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I. INTRODUCTION 

D u r i n g the summer o f 1952 a g e o l o g i c s t u d y 

was made o f the r e g i o n around the " E c s t a l l ' R i v e r 

find o f the mine i t s e l f . The c h i e f purpose o f the 

i n v e s t i g a t i o n was t o e x t e n d t h e known ore r e s e r v e s 

and t o determine t h o s e a r e a s w h i c h might be f a v o r 

a b l e f o r m i n e r a l i z a t i o n , as w e l l as a g e n e r a l 

p r o s p e c t i n g o f the a r e a . Such a s t u d y , i n the de

t a i l i n w h i c h i t was u n d e r t a k e n , had not been done 

b e f o r e . 

The g r e a t e r p a r t o f the r e g i o n a l g e o l o g y 

was mapped by W. H o l y k w i t h the a s s i s t a n c e of 

M e s s r s . D. L o w r i e and D. Webster of the U n i v e r s i t y 

o f B r i t i s h C olumbia. Mr. H o l y k has s u b m i t t e d h i s 

r e p o r t on the g e o l o g y . I a s s i s t e d a l s o i n the 

r e g i o n a l mapping and u n d e r t o o k a d e t a i l e d s t u d y o f 

the mine. 

T h i s r e p o r t , t h e n , c o n c e r n s the r e s u l t s o f 

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

t i o n and s t r u c t u r e i n the s e t t i n g o f the r e g i o n a l 

g e o l o g y . 

The r e g i o n a l g e o l o g i c map e n c l o s e d w i t h t h i s 

r e p o r t has boon c o m o i l e d from t h e f i e l d s h e e t s o f 

W. H o l y k and my own n o t e s . The map o f the e a s t 

p l a t e a u i s based on t h e work o f M e s s r s . Lour16 and. 

Webster. A l l o t h e r mans and diagrams sre my own. 



The work o f W. H o l y k and th e s e two men 

i s g r a t e f u l l y acknowledged. 

Mr* E. E. Mason, t h r o u g h h i s l o n g 

knowledge o f the E c s t a l l R i v e r , n r o v i d e d v a l u 

a b l e a s s i s t a n c e and a d v i c e • 

I I . GEOGRAPHY 

The a r e a o f the E c s t a l l R i v e r , B r i t i s h 

C o l u m b ia, l i e s i n the b e l t o f Coa s t Range moun

t a i n s b o r d e r i n g the P a c i f i c Ocean. These moun

t a i n s are h i g h and rugged end are d i v i d e d by 

many deeo U-shaped v a l l e y s and f j o r d s . The 

s l o p e s are l o n g and s t e e n and r i s e almost v e r t i 

c a l l y t o s h a m peaks and r i d g e s . On the f l o o r s 

o f the v a l l e y s and p a r t i a l l y up t h e i r f l a n k s , 

u n d e r b r u s h and t a l l c o n i f e r s grow I n abundance 

due t o the annual r a i n f a l l o f 180 i n c h e s . 

Outcrops i n the v a l l e y s do not e x i s t , and 

on the p l a t e a u s I m m e d i a t e l y below the uppermost 

peaks, where the v e g e t a t i o n i s not so - p l e n t i f u l , 

the moss, g r a s s , and s o i l f u r t h e r obscure the 

ge o l o g y . I n a few ca s e s e r r o s l o n has l a i d bare 

the o u t c r o o s on these p l a t e a u s . The o n l y r o c k 

exposures r e m a i n i n g , t h e r e f o r e , are the s t e e n 

b l u f f s , w h i c h are l a r g e l y i n a c c e s s i b l e , the beds 

o f s m a l l c r e e k s and s t r e a m s , the shores o f s m a l l 

l a k e s , and the upper r i d g e s . 
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G e o l o g i c I n t e r p r e t a t i o n i s , t h e r e f o r e , 

d i f f i c u l t . 

I I I . GEOLOGY 

A . G e n e r a l g e o l o g y o f the C o a s t Ranges. 

The main r o c k s i n the C o a s t Ranges are 

those o f the l a r g e b a t h o l l t h i c I n t r u s i o n s com

posed c h i e f l y o f q u a r t z - d i o r i t e and g r a n o d i o r i t e . 

They range i n age from Upper J u r a s s i c t o Upper 

C r e t a c e o u s . The b a t h o l i t h s have i n t r u d e d s e d i 

ments and v o l c a n i c s o f unknown age and l e f t them 

as r e s i d u a l r o o f p e n d a n t s . These i n t r u d e d r o c k s 

have been I n t e n s e l y metamorphosed and f o l d e d ; 

as a r u l e the o l d e r f o r m a t i o n s are more deformed 

and have d i p s e x c e e d i n g 60°, whereas the younger 

f o r m a t i o n s are l e s s deformed and a l t e r e d . A l s o , 

as a g e n e r a l r u l e , those sediments w h i c h are 

n e a r e s t t o the b a t h o l i t h s are more metamorphosed 

and d i s t u r b e d t h a n those f a r t h e r away. 

The g e n e r a l s t r i k e o f a l l the r o c k s i s 

n o r t h w e s t , and the e l o n g a t i o n o f the b a t h o l i t h s 

conforms t o t h i s d i r e c t i o n ( A r m s t r o n g , I9I16). 
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6. 

most ar e a s where t h e r e I s a h i g h degree o f 

metamorphigm, the expo s u r e s are more p l e n t i 

f u l and the s t r u c t u r e o f the r e g i o n , i f any,, 

i s more a p p a r e n t . I t s h o u l d be f u r t h e r 

emphasized t h a t the r e g i o n a l g e o l o g y was 

mapped on a s c a l e o f 1000 f e e t t o the i n c h , 

and t h a t the l a r g e s t o u t c r o p s averaged about 

f i v e f e e t i n w i d t h . On t h i s b a s i s , t h e r e f o r e , 

an exposure on t h e map would be r e p r e s e n t e d 

by . 0 0 ^ o f an I n c h , o r v e r y much l e s s t h a n the 

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

I s i n h e r e n t I n any g e o l o g i c mapping on a l a r g e 

s c a l e , b u t a t the E c s t a l l R i v e r t h i s p o i n t 

assumes more I m p o r t a n c e . G - e o l o g i c a l l y i t i s 

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

over any g r e a t d i s t a n c e . 

H o l y k p o i n t s out t h a t , b r o a d l y speak

i n g , the b e l t o f metamorphics can be d i v i d e d 

I n t o two u n i t s : The Johnson Lake group and the 

Mine group. The Johnson Lake r o c k s are l a r g e l y 

c o n f i n e d t o t h e d r a i n a g e o f t h a t l a k e and t o 

the s o u t h o f i t , and the Mine group o f r o c k s 

l i e on the w e s t e r n s i d e o f the b e l t . 

The Johnson Lake r o c k s are more e a s i l y 

mapped i n the f i e l d because o f the s m a l l number 

o f l i t h o l o g i c u n i t s . Q u a r t z i t e , a r g i l l i t e and. 

h o r n b l e n d l t e are the predominate r o c k s . They 
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f o r m w e l l - d e f i n e d bands and do not v a r y a 

g r e a t d e a l from t h e i r normal appearance. The 

s t r u c t u r e , t h e r e f o r e , i s more a p p a r e n t i n the 

a e r i a l photograohs and i s more e a s i l y d l s -

c e r n l b l e I n the f i e l d . 

The Mine group of r o c k s has a d e c i d e d l y 

d i f f e r e n t c h a r a c t e r . The main r o c k t y p e s are 

c h l o r i t e s c h i s t and q u a r t z - c h l o r i t e s c h i s t 

( b o t h w i t h v a r y i n g amounts o f b i o t i t e , h o r n 

b l e n d e and g a r n e t ) , q u a r t z i t e , a r g i l l i t e and 

l i m e s t o n e . I n a d d i t i o n t o t h e s e are a h o s t 

o f r o c k s which are v a r i e t i e s o f the s t a n d a r d 

t y p e s . They are d i f f i c u l t t o p l a c e I n any one 

group. F u r t h e r m o r e , t h e s e v a r i e t i e s o c c u r as 

a banded complex w i t h the b a s i c u n i t s . " The 

r e s u l t i s t o make the g e o l o g y d i f f i c u l t t o 

I n t e r p r e t . 

One example w i l l p o i n t out t h i s p r o b l e m . 

E x a m i n a t i o n o f the r e g i o n a l g e o l o g i c map shows 

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

t h e s t r i k e on Red G u l c h R i d g e . The l i t h o l o g y 

and sequence o f r o c k s are e a s i l y i d e n t i f i e d . 

However, on the west p l a t e a u and on the s l o p e s 

s o u t h o f the r i d g e , the same r o c k s and t h e i r 

r e l a t i o n s h i p s t o each o t h e r cannot be f o u n d . 

Igneous r o c k s , m a i n l y b a s i c i n compo

s i t i o n , are I n t r u d e d i n t o the Johnson Lake and 
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Mine g r o u p s . One s e t i s p a r a l l e l t o the s t r i k e 

o f i t s h o s t r o c k end has been metamorphosed t o 

the same degree. The o t h e r s e t c u t s a c r o s s the 

c l e a v a g e and s c h i s t o s i t y o f the h o s t r o c k and 

I s unmetamorphosed. T h i s l a t t e r g r o u p , t h e r e 

f o r e , i s t h e younger, and a n t e d a t e s t h e 

r e g i o n a l metamorphlsm and d e f o r m a t i o n . 

A group o f r o c k s , w h i c h can n e i t h e r be 

p l a c e d i n the Johnson Lake r o c k s nor the Mine 

r o c k s , i s l o c a t e d around the c o n t a c t a r e a s o f 

the b a t h o l l t h l c i n t r u s i o n s . The s e d i m e n t s 

appear t o have been " g r a n i t i z e d . " The t e x t u r e 

i s s t r o n g l y g n e i s s i c and the r o c k s are c r o s s 

c u t w i t h a network of p e g m a t i t e d y k e s . L a r g e 

l i m e s t o n e l e n s e s w i t h no c o n t i n u i t y are f r e 

quent. The i m p r e s s i v e t h i n g about th e r o c k s i s 

t h a t t h e y have been f o l d e d , c o n t o r t e d and b e n t 

i n t o such a v a r i e t y o f shapes and forms t h a t 

the mapping o f them would be a l m o s t i m p o s s i b l e . 

The s c h i s t o s i t y o f the r o c k s i s p a r a l l e l t o the 

a x i a l p l a n e s o f the f o l d s , and s i n c e the f o l d 

i n g has no r e g u l a r i t y , n e i t h e r has the d i r e c t i o n 

o f s c h i s t o s i t y . 



b. The " g r a n i t e " g n e i s s . 

Two t h e o r i e s on the o r i g i n o f the 

" g r a n i t e " g n e i s s have been advene e l . The 

r o c k was o r i g i n a l l y e i t h e r Igneous or s e d i 

m e n t ary. T h i n s e c t i o n s o f the r o c k from 

v a r i o u s l o c a l i t i e s i n d i c a t e t h a t the r o c k i s 

s e d i m e n t a r y . E x a m i n a t i o n o f the hand specimen 

f i n d s p r o p o n e n t s f o r b o t h t h e o r i e s , w h i l e t h e 

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

f a v o r a s e d i m e n t a r y o r i g i n f o r the r o c k . 

The b e a r i n g the o r i g i n o f the r o c k 

has on the g e o l o g y i s found i n the s t r u c t u r a l 

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

o r i g i n , t h e n i t s shape, s i z e and e x t e n t can 

be a c c o u n t e d f o r . However, i f the r o c k i s 

s e d i m e n t a r y , t h e n i t s form must be d e r i v e d 

t h r o u g h d e f o r m a t i o n . S i n c e a l l o f the roeta-

m o r p h i c s a t the E c s t a l l R i v e r a r e , I n my 

o p i n i o n , h i g h l y deformed, the g r a n i t e g n e i s s , 

b e i n g s e d i m e n t a r y , I s no e x c e p t i o n . 

The r o c k i s g n e i s s i c i n t e x t u r e , and 

has v a r y i n g amounts o f b i o t i t e and c h l o r i t e . 

A l t h o u g h t h e a d j e c t i v e " g r a n i t e " a l l u d e s t o 
an Igneous o r i g i n f o r the r o c k , i t w i l l be 
r e t a i n e d i n t h i s r e p o r t but w i t h the q u o t a t i o n 
marks d e l e t e d . 



These p l a t y m i n e r a l s have a rough p a r a l l e l i s m . 

Q u a r t z i s the p r e d o m i n a t e m i n e r a l and f e l d s p a r 

i s found i n s m a l l q u a n t i t i e s . 

The g r a n i t e g n e i s s i s e a s i l y d i s 

t i n g u i s h e d I n the f i e l d and f o r t h i s r e a s o n 

can r e a d i l y be t r a c e d from exposure t o e x p o s u r e . 

I t l i e s o f f the h a n g i n g w a l l of the two main 

s u l p h i d e l e n s e s and c o n t i n u e s e r r a t i c a l l y some 

500 f e e t n o r t h o f the n o r t h e r n p y r i t e body. 

South o f the T h i r d o u t c r o p i t b e g i n s a g a i n , 

and near the headwaters o f Red G u l c h Creek i t 

s w e l l s t o an enormous s i z e . On the h i g h b l u f f s 

f a r t h e r n o r t h i t c o m p l e t e l y d i s a p p e a r s f o r no 

t r a c e o f i t can be found on Red G u l c h R i d g e . 

D i s c o r d a n t s t r i k e s and r e l a t i o n s h i p s 

are n o t e d . I m m e d i a t e l y below the T h i r d o u t c r o p 

the g n e i s s s t r i k e s N. I|0° E- whereas the 

n e i g h b o r i n g s c h i s t s s t r i k e N. 05° E. On t h e 

n o r t h f o r k o f the second c r e e k n o r t h o f the 

T h i r d o u t c r o p on the west: s i d e of Red G u l c h , 

the g r a n i t e g n e i s s was found t o a l t e r n a t e w i t h 

bands o f c h l o r i t e s c h i s t ; on some of the ex

p o s u r e s the bands were up t o 5> f e e t i n w i d t h . 

The c o n t a c t s were f a i r l y w e l l d e f i n e d and had 

a s t r i k e of N. 1 0 ° W. On S w i n e r t o n Creek the 

g n e i s s o c c u r r e d as l a r g e i r r e g u l a r l e n s e s w i t h 

c h l o r i t e - b i o t i t e s c h i s t " f l o w i n g " around the 

l e n s e s . D i r e c t l y n o r t h o f the N o r t h L e n s , on 



f a v o r s an igneous t h e o r y f o r t h e g r a n i t e g n e i s s 

O t h e r w r i t e r s have rea s o n e d t h a t t h i s t y o e o f 

r o c k i s p u r e l y t e c t o n i c i n o r i g i n ( t h e A l p i n e 

s c h o o l ) , has been formed from n h y l l i t e s t h r o u g h 

i g n e o u s i n j e c t i o n (V-M- G o l d s c h m i d t ) and i s 

c r e a t e d by the s h e a r i n g o f p o r p h y r i t i c r o c k s 

(C.VJ. C a r s t e n s ) . I f a v o r t h e t e c t o n i c o r i g i n 

f o r the r o c k and b e l i e v e t h a t i t was formed 

t h r o u g h s t r o n g movements w h i l e t h e r o c k s were 

i n the p r o c e s s o f metamorphosis* 

2• S t r u c t u r e v 

a. S h e a r i n g and a l t e r a t i o n . 

I n the f i e l d o f s t r u c t u r a l g e o l o g y 

t h e r e are two t y p e s o f s h e a r i n g r e c o g n i z e d : 

f i r s t , shear b r e a k s ; and second, f r a c t u r e and 

b r e c c i a t i o n . 

Shear breaks r e s u l t where th e r o c k i s 

under such o r e s sure t h a t i t does n o t expand 

r e a d i l y and d e f o r m a t i o n approaches f l o w . 

F r a c t u r e and b r e c c i a t i o n r e s u l t where 

the r o c k f a i l s under s t r e s s e.nd expands; the 

r o c k b r e a k s under l i g h t l o a d . 

The shear zones a t the E c s t a l l R i v e r 

b e l o n g t o the f i r s t t y p e - s h e a r b r e a k s . 

The s e r i c i t e s h e a r s f i n d t h e i r g r e a t e s t 

development I n the Mine group o f r o c k s . They 
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are o f t e n l o c a l i z e d a l o n g a r g i l l i t e s , but 

t h i s i s not a g e n e r a l r u l e - They are com

posed of s e r i c i t e p r i n c i p a l l y , and p s l e 

g r een m a r i p o s i t e ( I d e n t i f i e d by V. H o l y k ) . 

The w i d t h s and s t r i k e l e n g t h s v a r y . The 

w i d e s t zone mapped i s the s o - c a l l e d Red B l u f f 

shear found on the s o u t h f l a n k o f the west 

p l a t e a u ; I t i s 100 f e e t wide but has a s t r i k e 

l e n g t h o f o n l y a few hundred f e e t . I t cannot 

be c o r r e l a t e d a c r o s s the E c s t a l l R i v e r , nor 

can i t be l o c a t e d n o r t h w a r d on the west p l a t e a u . 

The s c h i s t o s i t y w i t h i n the shear zones 

p a r a l l e l s the c l e a v a g e i n the n e i g h b o r i n g 

r o c k s , but i t i s thought t h a t i n some cases the 

zone may c u t a c r o s s t h e s c h i s t o s i t y o f the 

o t h e r r o c k s a t a v e r y s m a l l a n g l e , a l t h o u g h 

t h e r e i s no e v i d e n c e f o r t h i s . More u s u a l l y 

the s e r i c i t e s c h i s t I s h i g h l y f o l i a t e d : s m a l l 

d r a g f o l d s , z - f o l d s , and l a r g e f o l d s up'to f i v e 

f e e t a c r o s s the l i m b s are f o u n d , and w i t h i n the 

main b o d i e s o f s u l p h i d e , bands o f s e r i c i t e 

s c h i s t have been f o l d e d and c o n t o r t e d . 

The s e r i c i t e i s an a l t e r a t i o n r>roduct, 

and not o n l y do the zones r e p r e s e n t are as o f 

s t r e s s but a l s o a l t e r a t i o n * A l t e r a t i o n and 

s h e a r i n g anoear t o be i n t e r d e p e n d e n t . The 

shear zones r e p r e s e n t l i n e s o f h i g h p r e s s u r e 

and they have p r o v i d e d s u i t a b l e channelways f o r 



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

a l t e r e d the r o c k s . The a l t e r a t i o n o r o c e s s 

was u n d o u b t e d l y c o m p l i c a t e d and r e s u l t e d i n 

a thorough s e r l c i t i z a t l o n and the f o r m a t i o n 

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

o f p y r i t e . I n the f o r m a t i o n o f the s e r i c i t e , 

FeO, I-lgO, and CaC were l i b e r a t e d and p a r t l y 

m i g r a t e d i n t o the s u r r o u n d i n g r o c k s t o form 

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

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

c o n c e n t r a t i o n o f t h e s e m i n e r a l s i n the r o c k s 

around the main o r e b o d i e s . 

D u r i n g a l t e r a t i o n the zones remained 

under p r e s s u r e and i t was t h r o u g h t h e s e same 

c h a n n e l s t h a t the ore s o l u t i o n s t r a v e l l e d . I t 

I s p o s s l b l e t h a t the t e c t o n i c f o r c e s s h i f t e d 

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

or the s o l u t i o n s f a v o r e d a s e r l c i t i z e d h o s t 

r o c k I n c o n j u n c t i o n w i t h a change i n s t r u c t u r a l 

d e f o r m a t i o n . 

From the r e l a t i o n s h I p s o f the m a s s i v e 

s u l p h i d e s t o the s e r i c i t e s c h i s t s i t i s e v i d e n t 

t h a t the a l t e r e d r o c k was formed b e f o r e t h e 

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

a l t e r a t i o n t o o k p l a c e d u r i n g the ore emolace-



b. S t r u c t u r a l f e a t u r e s . 

The s t r u c t u r a l h i s t o r y o f the E c s t a l l 

R i v e r has f o l l o w e d c l o s e l y the I n t r u s i o n s o f 

the l a r g e b a t h o l i t h s . O r i g i n a l l y t h e r e was a 

s e r i e s o f unmetamorphosed s e d i m e n t s . The 

sediments may have been d i s t u r b e d p r i o r t o t h e 

I n t r u s i o n o f the b a t h o l i t h s , but i t i s more 

l i k e l y t h a t t h e y were t i l t e d , f o l d e d , metamor

phosed and i n t r u d e d at the same t i m e . Hie 

i m p o r t a n t p o i n t i s t h a t at the E c s t a l l R i v e r 

a l l the I n t r u d e d r o c k s were metamorphosed and 

deformed. I n no case can t h e y be d i v i d e d ' 

s t r u c t u r a l l y a c c o r d i n g t o the two l i t h o l o g i c 

groups o u t l i n e d . 

T h i s d e f o r m a t i o n i s most a p p a r e n t i n 

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

more e a s i l y seen because o f the l a c k o f vege

t a t i o n on the upper r i d g e s . 

The Johnson Lake group, as has been 

p o i n t e d o u t , i s e a s i l y i d e n t i f i e d because o f the 

s i m p l i c i t y o f the l i t h o l o g i c u n i t s . A t the top 

o f Red G u l c h R i d g e the group I s narrow and has 

a n o r t h s t r i k e . E x t e n d i n g t o the s o u t h i t f a n s 

out t o a g r e a t e r w i d t h and c o m p l e x i t y and s t r i k e s 

n o r t h w e s t . On the top o f the e a s t p l a t e a u , where 

t h e r e are numerous o u t c r o p s , the r o c k s are com

p l i c a t e d by d r a g f o l d i n g (see map o f e a s t p l a t e a u ) 

On the e a s t s i d e of the p l a t e a u the r o c k s d i p t o 



the east and f o l d s p l u n g e t o t h e n o r t h ; on 

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

west and the plunge n o r t h ; and on the west 

s i d e , or Red G u l c h C r e e k , th e r o c k s d i n e a s t 

and the s t r u c t u r o p l u n g e s s o u t h . The s t r u c t u r e 

around the o r e b o d i e s f o l l o w s t h i s l a t t e r p a t t e r n . 

F a r t h e r s o u t h from the p l a t e a u , f o l l o w 

i n g the Johnson Lake group a c r o s s the shores o f 

the Lake and I n t o the mountains s o u t h o f I t , 

the s t r i k e o f q u a r t z i t e s v a r y w i d e l y * On t h e 

edge o f the i n t r u s i v e a l a r g e f o l d has been 

mapped t h a t measures s e v e r a l hundreds of f e e t 

a c r o s s i t s l i m b s . I n the f i r s t c r e e k s o u t h o f 

the Lake, a wide a r g i l l i t e band i s seen expand

i n g t o the s o u t h and d e c r e a s i n g t o the n o r t h * 

These are but a few examples t o b r i n g 

t o the a t t e n t i o n o f t h e r e a d e r t h a t the Johnson 

Lake group has been deformed and f o l d e d t o a 

h i g h degree* 

A l t h o u g h f o l d i n g i n the Mine s e r i e s I s 

n o t as r e a d i l y a p p a r e n t , n e v e r t h e l e s s , t h e r e are 

d i s c o r d a n t s t r i k e s , e v i d e n c e s o f f o l d e d s t r u c t u r e s 

and o b v i o u s f o l d i n g i n the o r e b o d i e s and I n the 

r o c k s s u r r o u n d i n g them ( r e f e r t o the underground 

s h e e t s and the s u r f a c e man o f the two l e n s e s ) * 

A few l o c a l i t i e s i n the Mine group w i l l 

s e r v e as examples o f d e f o r m a t i o n i n the s e r i e s . 

The g r a n i t e g n e i s s has a l r e a d y been d i s c u s s e d . 



S m a l l d r a g f o l d s b e a r i n g e a s t - w e s t have 

weathered out i m m e d i a t e l y above the P a l l s , 

but the s c h i s t o 3 1 1 y I n the r o c k i s n o r t h . 

On the f o o t w a l l o f the F i v e Foot v e i n l y i n g 

t o t h c oaat o f the two 1 c n s e 3 , the c 1 i l o r 1 te 

s c h i s t i s c o n t o r t e d . On an exposure o f 

q u a r t z - b i o t i t e s c h i s t on the west s i d e o f 

Fed G u l c h Creek a f a i n t l l n e a t i o n i n the r o c k 

s t r i k e s N. b.0o E., b u t the c l e a v a g e s t r i k e s 

n o r t h . I n Phoebe Creek a l a r g e f o l d was 

v i s i b l e on the w a l l at e l e v a t i o n 66£ f e e t , 

and the r o c k exposures i n the Creek v a r i e d 

from N. 05° W. to N, ii0° W. A f o l d e d q u a r t z 

v e i n s t r i k i n g e a s t l i e s to the e a s t o f the 

So u t h Lens and s i m i l a r l y f o l d e d q u a r t z v e i n s 

are found t h r o u g h o u t the a r e a ( I l l u s t r a t i o n 

No. 7)« A l t h o u g h these q u a r t z v e i n s are c l e a r l y 

younger t h a n t h e i r h o s t r o c k , t h e y are s t i l l 

i n d i c a t i v e o f a d i f f e r e n t i a l movement w h i c h 

p r o d u c e s f o l d i n g . 

The c l e a v a g e o r s c h i s t o s i t y i n a l l the 

r o c k s v a r y w i d e l y . I n some c a s e s i t a c t u a l l y 

f o l l o w s the f o l d e d c o n t a c t s o f t h e d i f f e r e n t 

r o c k u n i t s , b u t u s u a l l y i t i s p a r a l l e l t o the 

a x i a l p l a n e s o f the f o l d s . U nderground, where 

the mapping was done I n g r e a t e r d e t a i l , s h e a r i n g 

o c c u r r e d p a r a l l e l t o these a x i a l p l a n e s ( I l l u s 

t r a t i o n No. 5)• 



S h e a r i n g and s c h i s t o s i t y are more 

h i g h l y d e v e l o p e d i n the Mine group o f r o c k s , 

s i n c e t h e y are g e n e r a l l y more in c o m p e t e n t 

t h a n the Johnson Lake group. I t I s i n t h i s 

r o c k g r o u p , t h e r e f o r e , t h a t ore d e p o s i t s are 

l i k e l y t o o c c u r . 

I s u g g e s t t h a t the Mine s e r i e s o f 

r o c k s were f o l d e d at the same time as the 

John s o n Lake group, a l t h o u g h perhaps not t o 

the same degree. I t i s l i k e l y t h a t the Mine 

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

was more l i k e l y t o shear t h r o u g h f a i l u r e o f 

the r o c k s , and t h a t the s c h i s t o s i t y has been 

superimposed on an a l r e a d y f o l d e d s t r u c t u r e . 

T h i s does not i n any way g i v e a ' c l u e 

t o t h e o v e r - a l l s t r u c t u r e . There i s a s u g g e s t i o n 

however, t h a t the Johnson Lake group has been 

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

p l u n g i n g t o the s o u t h and i t s w e s t e r n l i m b p l u n g 

i n g t o the n o r t h ; the Mine group, w h i c h s h o u l d 

r e p e a t t o the e a s t o f the a x i s o f the s y n c l i n e , 

has been t a k e n away by the i n t r u s i o n o f t h e 

d i o r i t e . Whether t h i s i s t h e case or n o t would 

most e a s i l y be de t e r m i n e d by f u r t h e r mapping t o 

the n o r t h a c r o s s Lockaby C r e e k - a v a l l e y a l m o s t 

i m p o s s i b l e t o g e t i n t o from Red G u l c h R i d g e . 

The o v e r - a l l s t r u c t u r e becomes f u r t h e r 

o b s c u r e d by the q u e s t i o n o f whether the d r a g 



f o l d s seen a r e , i n f a c t , flowage f o l d s . I f 

t h i s were the c a s e , the f o l d s would r i t c h i n 

t h e o o p o s i t e d i r e c t i o n from the major s t r u c t u r e . 

The mapping was done on o n l y a 

r e c o n n a i s s a n c e b a s i s . The r o c k s are exceed

i n g l y comnlex i n t h e i r s t r u c t u r e , and t h e r e 

i s , a t p r e s e n t , no way o f d e t e r m i n i n g the 

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

b u t , even t h e n , I doubt, w i t h the o u t c r o p s as 

few and f a r between as t h e y a r e , t h a t a d e f i n i t e 

c o n c l u s i o n c o u l d be r e a c h e d . 

T h e r e f o r e , no r e l a t i o n s h i p can be found, 

a t t h i s t i m e , between the ore d e p o s i t s and the 

r e g i o n a l s t r u c t u r e . The s t r u c t u r a l i n t e r p r e t a 

t i o n o f the two main l e n s e s i s o n l y l o c a l i n 

scope and w i l l be d e a l t w i t h i n the f o l l o w i n g 

s e c t i o n . 

IV. ORE DEPOSITS 

A. G e n e r a l C h a r a c t e r and S i t u a t i o n . 

The r e l a t i o n s h i p o f the two main o r e b o d i e s 

a t E c s t a l l R i v e r are b e s t shown by the accompanying 

I s o m e t r i c diagram. The average s t r i k e i s N, 05° E. 

and the d i p about 80° E. The r e d c o l o r r e p r e s e n t s 

the N o r t h L e n s , and mauve i t s h a n g i n g w a l l s t r i n g e r 

the 1 i m l 1 3 o f the N o r t h Lens are a c c u r a t e 1 y shown 



t o s c a l e , but the orebody has been a r b i t r a r i l y 

c u t o f f a t 500 f e e t above sea l e v e l whereas some 

o f I t s o u t c r o p s l i e a t over 600 f e e t above sea 

l e v e l . The S o uth Lens I s shown In orange; i t 

extends f a r t h e r t o the s o u t h t h a n drawn and I t s 

d e p t h I s u n l i m i t e d ; however, the southward p l u n g 

i n g n o r t h p i n c h - o u t has been determined by diamond 

d r i l l i n g and s t r u c t u r a l i n t e r p r e t a t i o n . 2\Tear the 

s u r f a c e the two l e n s e s have a c o n s i d e r a b l e o v e r l a p , 

b u t w i t h d e p t h t h e y become f a r t h e r a p a r t . 

Other m i n e r a l i s a t i o n o f I n t e r e s t i n c l u d e s 

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

s u l p h i d e s exposed a t the s u r f a c e and t o the e a s t 

of the two main l e n s e s , and t h e F r i z z e l l o u t c r o p . 

The T h i r d o u t c r o p , l y i n g near the headwater's 

o f Red G u l c h Creek, showed u p t o 7 f e e t o f s u l p h i d e s 

exposed a t the s u r f a c e . The o u t c r o p was d r i l l e d 

e x t e n s i v e l y w i t h i n the c a p a b i l i t i e s o f t h e s m a l l 

X - r a y d r i l l and m i n e r a l i z a t i o n p r o v e d t o be s p o t t y 

and i n t e r m i t t e n t . However, i t s h o u l d be remembered 

t h a t d r i l l i n g i n t e r s e c t i o n s were around 1000 f e e t 

above sea l e v e l and the S o uth Lens i s known t o e x t e n d 

1000 f e e t below sea l e v e l . The depth-range f o r 

m i n e r a l i z a t i o n i n the s h e a r zone has h a r d l y been 

e x p l o r e d t h e r e f o r e . 

The f i v e - f o o t v e i n was e x p l o r e d underground 

w i t h two d r i l l h o l e s , but o n l y s e r i c i t e s h e a r and 

d i s s e m i n a t e d p y r i t e were fo u n d . The shear a t the 



s u r f a c e d i e s out t o the n o r t h a g a i n s t t h e g r a n i t e 

g n e i s s w h i c h l i e s between i t and the N o r t h L e n s , 

but c o n t i n u e s t o the s o u t h . 

S m a l l s t r i n g e r s o f s u l p h i d e s were found 

t h r o u g h o u t the a r e a mapped; some, however, were 

not a s s o c i a t e d w i t h s e r i c i t e s c h i s t . Of p a r t i c u l a r 

note i s a 10 i n c h s u l p h i d e v e i n i n s e r i c i t e s c h i s t 

l o c a t e d west o f the S outh L e n s . T h i s same 

m i n e r a l i z e d shear i s found I n the l a r g e bend i n 

the main a d i t and was p i c k e d up a g a i n i n D r i l l 

H ole No. 6)0 d r i l l e d 5>00 f e e t s o u t h and downward 

from the No. 1 C r o s s c u t . 

The F r l z z e l l o u t c r o p was f o u n d , a f t e r a 

g r e a t d e a l o f d i f f i c u l t y , by W. H o l y k near the 

headwaters of Hanna Creek. The m i n e r a l i z a t i o n 

was weak and e r r a t i c and the as says o f the sample 

t a k e n were d i s a p p o i n t i n g . The s u l p h i d e s s t r i k e 

n o r t h w e s t and the s u r r o u n d i n g q u a r t z i t e s s t r i k e 

due e a s t . T h i s anomalous s i t u a t i o n c a n n o t 

a d e q u a t e l y be e x p l a i n e d . 

E. Metamorphics around N o r t h and S o u t h L e n s e s . 

The r o c k s a d j a c e n t t o the two l e n s e s i n c l u d e 

q u a r t z - c h l o r i t e s c h i s t s , c h l o r i t e - b i o t i t e s c h i s t s , 

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

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

c h l o r i t e o r b i o t i t e b e i n g the p r e d o m i n a t e m i n e r a l , 

q u a r t s i t e s , a r g i l l i t e and s e r l c i t e s c h i s t . 



The g r a n i t e g n e i s s l i e s o f f the h a n g i n g 

w a l l o f the two l e n s e s . Other r o c k s are not 

e a s i l y c o r r e l a t e d t h r o u g h the mine f o r any g r e a t 

d i s t a n c e . Q u a r t z i t e s predominate I n the s o u t h e r n 

end o f the mine bu t g i v e way to d o m i n a n t l y c h l o r l t l c 

r o c k around t h e N o r t h L e n s . F o r g r e a t e r d e t a i l the 

r e a d e r i s r e f e r r e d t o W. H o l y k ' s underground map 

and my underground s h e e t s found i n t h i s r e p o r t . 

Of s p e c i a l i n t e r e s t i s the s o - c a l l e d 

crumpled c h l o r i t e s c h i s t . The name a c c u r a t e l y 

d e s c r i b e s i t . S e r i c i t e I s sometimes h i g h l y d e v e l o p e d 

I t l i e s on the h a n g i n g w a l l s i d e o f the South L e n s , 

c u t s between t h e two l e n s e s and c o n t i n u e s on t h e 

f o o t w a l l o f the N o r t h Lens. At the s u r f a c e the zone 

I s c l o s e t o the N o r t h L e n s , but underground I t b e a r s 

s h a r p l y away from and t o the west of t h e N o r t h L e n s . 

S m a l l zones o f c r u m p l e d c h l o r i t e s c h i s t are d e v e l o p e d 

l o c a l l y e l s e w h e r e . These v i l l i be d i s c u s s e d under 

the s t r u c t u r e o f the o r e b o d i e s . 

The s e r i c i t e s c h i s t i s d e v e l o p e d around the 

two l e n s e s , b u t i s n o t always p r e s e n t . The N o r t h 

Lens s e r i c i t e s h e a r d i s a p p e a r s w i t h d e p t h and t o t h e 

s o u t h , b u t not n o r t h w a r d s . The South Lens s e r i c i t e 

shear j o i n s w i t h t h e N o r t h Lens t o the n o r t h and d i e s 

out at i t s most s o u t h e r l y end. 

C, M i n e r a l o g y and C l a s s i f i c a t i o n . 

The s u l p h i d e s a t E c s t a l l i n c l u d e p y r i t e , 
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V.y c h a l c o p y r i t e , s m a l l amounts o f s p h a l e r i t e and 

p y r r h o t i t e , i n a gangue o f c a l c l t e , q u a r t z and 

s e r i c i t e . 

The h i g h e s t copper v a l u e s are c o n f i n e d t o 

the f o o t w a l l o f the N o r t h Lens ( i l l u s t r a t i o n No. 1 0 ) ; 

z i n c I s l a r g e l y found i n the South L e n s . 

The s u l p h i d e s o c c u r as bands o f e q u i g r a n u l a r 

m i n e r a l s r a n g i n g from c o a r s e t o e x t r e m e l y f i n e and 

m a s s i v e . The s u l p h i d e s produce no gossan o r o x i d e , 

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

and i t w e a t h e r s t o a sand made up o f s u l p h i d e 

m i n e r a l c r y s t a l s . S u l p h i d e s l y i n g on the dump f o r 

n e a r l y twenty y e a r s show no s i g n o f o x i d a t i o n . 

The n a t u r e o f the b a n d i n g , w h i c h i n some 

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

o f the s u l p h i d e s , i n d i c a t e t h a t the d e p o s i t i s a 

re p l a c e m e n t o f a f a v o r a b l e r o c k . Bateman (19E>1) 

l i s t s the c r i t e r i a f o r a r e p l a c e m e n t as f o l l o w s : 

(1) U n s u p p o r t e d n u c l e i ( i f the d e p o s i t I s a 
c a v i t y f i l l i n g t h e n such r e s i d u a l s t e n d 
t o l i e on the f l o o r of the d e p o s i t ) . 

(2) B e d d i n g p l a n e s i n a l i g n m e n t w i t h the 
w a l l r o c k . 

(3) P r e - e x i s t i n g r o c k s t r u c t u r e s t h a t c on
t i n u e on e i t h e r s i d e o f the orebody, 
and e s p e c i a l l y i f t h e y c o n t i n u e i n t o 
the o r e . 

The E c s t a l l d e p o s i t meets a l l these r e q u i r e m e n t s , 

b u t the l a s t p o i n t i s not so r e a d i l y d i s c e r n i b l e 

and examples o f t h i s are not common. 



There i s some evi d e n c e t h a t the banded 

s u l p h i d e s form apophyses i n the s e r i c i t e s c h i s t , 

t h e r e b y I n d i c a t i n g t h a t the s c h i s t had been 

" d i s p l a c e d " ( i l l u s t r a t i o n No, h ) . T h i s p r o c e s s , 

a.3 w e l l as r e p l a c e m e n t , i s p a r t of the ore 

d e p o s i t i o n , 

D. S t r u c t u r e . 

1. N o r t h L e n s . 

The dominant s t r u c t u r e i n t h e N o r t h Lens 

i s a southward plunge w i t h the a x i s m i g r a t i n g I n 

a s o u t h e a s t d i r e c t i o n ( I l l u s t r a t i o n s Nos. 8 , 9 , 1 0 ) . 

S m a l l s t r l a t l o n s or u n d u l a t i o n s on shear w a l l s , the 

pl u n g e o f f o l d s , and an i s o g r a d o f t h e t h i c k n e s s o f 

the l e n s , and o f t h e copper v a l u e s f o l l o w the same 

s o u t h e r l y p a t t e r n ( I l l u s t r a t i o n s Nos. 8 , 9* 1 0 ) . 

O n l y t h e s o u t h end o f the N o r t h L e n s , w h i c h P l u n g e s 

n o r t h w a r d , I s the e x c e p t i o n . 

W i t h r e g a r d t o the s t r i a t i o n s and u n d u l a t i o n s 

seen on shear w a l l s , I do n o t r e g a r d t h e s e as I n d i c a 

t i o n s o f a d i n - s l i p movement. F o r example, the c r e s t 

o f the u n d u l a t i o n s may plunge 80° S. measured i n 

the p l a n e o f the shear w a l l d i p p i n g e a s t and s t r i k 

i n g n o r t h . Here the movement i s n o t up and down 

I n the p l a n e o f the s h e a r , b u t r a t h e r i n a 

d i r e c t i o n a t r i g h t a n g l e s t o the s t r i a t i o n s . These 

s m a l l f o l d s are produced by r o t a t i o n a l f o r c e s much 



l i k e the making o f r i p p l e marks on a beach." When 

the r o t e t i o n a l s t r e s r e s become more pronounced, 

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

and t h i s i s I n e v i d e n c e t h r o u g h o u t the mine. 

F o l d i n g I s e v i d e n t , e s pe c I a11y on the s u r f a c e 

o f the d e p o s i t . G o i n g a c r o s s t h e N o r t h Lens the 

f o l d s i n the s e r i c i t e s c h i s t waste bands r e v e r s e 

t hemselves s e v e r a l t i m e s a c r o s s the d e p o s i t . F o l d s 

are observed i n t h e s e r l c i te s c h i s t on the h a n g i n g 

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

q u a r t z i t e ( s u r f a c e map and underground s h e e t s ) . 

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

p o s t u l a t e t h a t the f a v o r a b l e r e p l a c e d h o s t r o c k , or 

s e r i c i t i c r o c k , had d o u b l e d over on I t s e l f , 

The b o t t o m i n g o f the N o r t h Lens i s p a r t i c u l a r l y 

p e r p l e x i n g . D r i l l h o l e s under t h e l e n s c o n t a c t e d 

n e i t h e r m i n e r a l i z a t i o n n or s h e a r i n g . The l e n s had 

c o m p l e t e l y d i s a p p e a r e d . Those h o l e s w h ich were b l a n k s 

have been p l o t t e d on s e m i - l o g a r i t h m i c paper ( I l l u s 

t r a t i o n s Nos. 1, 2 , 3 ) * the a n g l e o f h o l e d i p a g a i n s t 

the d e p t h . None o f the h o l e s d e v i a t e d more than 3° I n 

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

i s the angle o f s c h i s t o s i t y o f the r o c k i n the d r i l l 

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

I n the i d e a l c a s e , i n u n i f o r m l y d i p p i n g or 

s t r I k i ng s c h i s t s , the s c h i s t o s i t y c u r v e s 11 ou1d change 

w i t h the curve f o r the d i n o f the h o l e . As can be 

seen from the g r a p h s , t h I s i s not the c a s e . 



E i t h e r the d i p or s t r i k e I n the r o c k s 

u n d e r n e a t h the N o r t h Lens i s c h a n g i n g m a r k e d l y . 

As elsewhere I n the mine, t h i s I s I n d i c a t i v e o f 

d i s t u r b e d or f o l d e d r o c k s . 

The p r o b a b l e cause o f bottom!ng I n the 

N o r t h Lens I s t w o - f o l d : f i r s t , the ore d e p o s i t i o n 

i s dependent on the development o f the s e r i c i t e 

s c h i s t ; these s h e a r s are zones o f maximum s t r e s s 

where r o c k s have approached flowage and a l l o w e d 

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

r e g a r d e d as the end p r o d u c t where the r o c k s c o u l d 

no l o n g e r be deformed. F o l d i n g c o n t r o l l e d and 

caused the t h i c k e n i n g i n the N o r t h L e n s , and 

c o n v e r s e l y , the l a c k o f f o l d i n g , s h e a r i n g and 

d e f o r m a t i o n has been r e s p o n s i b l e f o r the p i n c h -

out i n the N o r t h L e n s . 

I t i s my b e l i e f t h a t j u s t as s h e a r i n g and 

f o l d i n g may r e a p p e a r a l o n g the s t r i k e i t can a l s o 

do so w i t h depth. The N o r t h Lens c o u l d r e o p e n 

w i t h depth and would most l i k e l y be found t o t h e 

s o u t h e a s t o f the orebody. 

^ • South _Lens._ 

The South Lens i s r e g u l a r i n shape and 

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

w i t h i t s s l o e s p l u n g i n g 70° t o the s o u t h . T h i s i s 

conformable w i t h t h e s t r u c t u r e underground and on 

the s u r f a c e ; s t r i a t i o n s , u n d u l a t i o n s and f o l d s 
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g e n e r a l l y p l u n g e 'JQ° southward, a l t h o u g h t h e r e 

i s a tendency f o r t h e an g l e t o be s t e e p e r at the 

n o r t h end t h a n at t h e s o u t h end. 

Of p a r t i c u l a r note I s t h e w i d e - s c a l e f o l d 

i n g around the No. 2 C r o s s c u t - t h e w1dest n a r t o f 

the South Lens. As i n the case o f the N o r t h L e n s , 

the f o l d i n g has been r e s p o n s i b l e f o r t h i s e x p a n s i o n 

i n the l e n s . 

F u r t h e r on the m a t t e r o f f o l d i n g , drawings 

o f s t r u c t u r e s on the backs and w a l l s o f t h e d r i f t 

s t r o n g l y I n d i c a t e h i g h l y d i s t u r b e d - s t r a t a , and i n 

the m i d - p o r t i o n o f the mine the p i n c h i n g - o u t o f 

the q u a r t z i t e s t o the n o r t h I s e v i d e n c e o f t i g h t 

f o l d i n g . 

S m a l l s h e a r s where t h e r e I s a development 

o f g n a r l e d and r o l l e d - u p q u a r t z , p y r l t e and "creamy" 

s w i r l e d c h l o r i t i c r o c k might r e p r e s e n t r u p t u r e down 

the a x i a l p l a n e o f t i g h t f o l d s ; i n a few cases t h i s 

I s v e r y a p p a r e n t , but more u s u a l l y the r o c k i s so 

t e x t u r e l e s s as t o make any d e t e r m i n a t i o n o f t h e 

l l n e a t i o n I m p o s s i b l e . 

The c r u m p l e d c h l o r i t e s c h i s t s might r e p r e s e n t 

t h i s a x i a l p l a n e s h e a r i n g ; from the h i g h l y f o l d e d 

and d i s t o r t e d n a t u r e o f t h e l a r g e shear zone around 

the No. 6 C r o s s c u t , one can observe the l i m b s o f 

f o l d s s l i c e d o f f by the s h e a r i n g ( i l l u s t r a t i o n No. £ 

and underground s h e e t s ) . 



3- Summary. 

Mapping o f the two l e n s e s on a s c a l e o f 

30 f e e t t o t h e i n c h shows t h a t a l l the r o c k s - t h e 

wa11 r o c k s find s e r i c i t e s c h I s t - a n d the massIve 

p y r l t e ore are g r e a t l y d i s t u r b e d . Rock u n i t s are 

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

s c h i s t s appear t o r e p r e s e n t b r e a k i n g a l o n g the 

a x i a l p l a n e o f f o l d s and might be due t o a d i f f e r e n t 

s t r u c t u r a l phenomenon from the s e r i c i t e s h e a r s 

w h i c h are l a r g e l y an a l t e r a t i o n p r o d u c t . The 

s e r i c i t e i s f o l d e d I n the same manner as u n a l t e r e d 

r o c k s . 

The j u x t a p o s i t i o n o f the two l e n s e s I s 

r e g a r d e d as f o r t u i t o u s , a l t h o u g h t h e t h r e e a l t e r a 

t i o n z o n e s - N o r t h L e n s , South L e n s , and the S o u t h 

w e s t e r n shear w i t h s m a l l m i n e r a l i z a t i o n - h a v e an en 

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

a l l s t r u c t u r a l p a t t e r n not y e t p e r c e i v e d . 

E. Comparison w i t h Other D e p o s i t s . 

A s e a r c h t h r o u g h the g e o l o g i c l i t e r a t u r e f o r 

ppr-ite r e p l a c e m e n t d e p o s i t s was n o t t o o f r u i t f u l . 

Such d e p o s i t s have n o t , i n the p a s t , been economic 

i n N o r t h A m e r i c a , but i n Europe some r e p o r t s have 

been w r i t t e n on such o r e s , e s p e c i a l l y t h ose i n Swede 

Per C-eijer (192'u) has summarized t h e Swedish 

p y r l t e r e p l a c e m e n t d e p o s i t s . The o r e b o d l e 3 were 
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formed d u r i n g an epoch o f f o l d i n g and are a 

re p l a c e m e n t I n pronounced s c h i s t o s e l a y e r s i n 

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

Trie m i n e r a l s formed by r e p l a c e m e n t show 

s c h i s t o s i t y by c r y s t a l l i z a t i o n and pronounced 

b a n d i n g . F o l d i n g i n the o r e b o d i e s and p r e -

m i n e r a l i z a t i o n f o l d i n g i n the h o s t r o c k can be 

seen; the f o l d i n g c o n t i n u e d u n t i l g r a d u a l 

s o l i d i f i c a t i o n made the mass r i g i d . There are 

p l a c e s where a n t i c l i n a l and s y n c l i n a l s t r u c t u r e s 

have c o n t r o l l e d the form o f the o r e b o d i e s w h i c h 

g e n e r a l l y f o l l o w the o i t c h o f the f o l d s . 

George Hanson (1920) compared the p y r i t e 

d e p o s i t s I n metamorphic r o c k s i n N o r t h e r n 

M a n i t o b a , Weedon, S t r a t f o r d and C a p e l t o n I n 

Quebec, and K y s h t i n , R u s s i a . The degree o f 

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

i n g the s i z e o f the o r e b o d i e s which are g e n e r a l l y 

p a r a l l e l t o the c o u n t r y r o c k . Ore was formed 

a f t e r the development o f s c h i s t o s i t y and the degree 

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

Baternan ( I 9 ? l ) , i n s n e a k i n g o f re p l a c e m e n t 

type d e p o s i t s , ' s t a t e s t h a t " t h e c h e m i c a l c h a r a c t e r 

of the h o s t r o c k alone may be the c o n t r o l l i n g 

f a c t o r i n l o c a l i z i n g o r e , b u t the s t r u c t u r a l 

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

o t h e r f a c t o r s ..... P i t c h i n g f o l d s and dra g f o l d s 



have been i m p o r t a n t i n l o c a l i s i n g ore I n many 

p l a c e s." 

The B o l i d e n d e p o s i t (Odman, 19Ul) i n 

n o r t h e r n Sweden I s p a r t i c u l a r l y i n t e r e s t i n g ; t o 

me, i t c 1 o s e l y resembles the d e p o s i t at E c s t a l l 

R i v e r . 

I n t h i s case the bedrock i s Pre--Cambrian 

I n age and c o n s i s t s o f p h y l l i t e s , greywackes and 

g r e e n s t o n e s . G r a n i t e has been i n t r u d e d and l i e s 

s o u t h o f the mine. The r o c k 3 are s t r o n g l y f o l d e d 

and s t r i k e e a s t - w e s t and d i p s t e e p l y s o u t h . There 

are two o r e b o d i e s 600 meters l o n g and maximum t|_0 

m e t e r s wide and are en e c h e l o n p o s i t i o n and o v e r 

l a p t o the r i g h t . There are t h r e e t y p e s o f o r e . 

A d r a g f o l d l i e s between t h e c o n t a c t o f the s e d i 

ments and v o l c a n i c s . The s t r u c t u r e i s caused by 

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

p i t c h e s 50°-60° E . 

I n the d r a g f o l d the s t r e s s formed s u i t a b l e 

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

w h i c h a l t e r e d the v o l c a n i c r o c k s , and r e s u l t e d i n 

t h e i r s e r i c i t i z a t i o n . F u r t h e r s h e a r i n g a l o n g 

a l t e r a t i o n zones produced a s c h i s t e d r o c k w h i c h 

was r e p l a c e d by ore s o l u t i o n s . A l t e r a t i o n con

t i n u e d a f t e r ore emplacement. The p i t c h o f the 

ore f o l l o w s the a x i s o f the d r a g f o l d . F o l d i n g 

i n the s e r i c i t e s c h i s t p r o b a b l y formed by l o c a l 

movement d u r i n g the mise en p l a c e o f the o r e s . 



Banding I n the o r e s does not always c o r r e s p o n d 

t o the f o l i a t i o n i n the s c h i s t s and o f t e n forms 

apophyses. 

The M e l anas d e p o s i t s i n Sweden ( G a v e l i n , 

1939) occur i n the same age and type of r o c k s . 

A l l have been I n t e n s e l y f o l d e d and r e g i o n a l 

metamorphism and s h e a r i n g have a l t e r e d the r o c k 

so t h a t o f t e n the o r i g i n a l t e x t u r e i s i n d i s c e r n i b l e . 

The ores are r e p l a c e m e n t s o f s e r i c i t i c s c h i s t s and 

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

g a l e n a and s p h a l e r i t e . The o r e s are c o n t o r t e d and 

f o l d e d w i t h the s c h i s t s , and the shape conforms t o , 

and i s c o n t r o l l e d by, the degree of f o l d i n g . G a v e l i n 

a l l u d e s t o an o v e r - a l l s t r u c t u r e , but he s t a t e s 

t h a t the l a c k o f o u t c r o p s i n the r e g i o n makes i t s 

i d e n t i f i c a t i o n i m p o s s i b l e . 

F u r t h e r r e s e a r c h i n the l i t e r a t u r e w o u l d 

u n d o u b t e d l y produce more examples s i m i l a r t o t h o s e 

o u t l i n e d , and t o the numerous p y r i t e d e p o s i t s not 

h e r e i n d e s c r i b e d . I have v i s i t e d many p y r i t e 

p r o s p e c t s and n e a r l y a l l conform t o the same p a t t e r n . 

Replacement d e p o s i t s i n v a r i a b l y occur i n f o l d e d 

metamorohlcs a l o n g zones o f a l t e r a t i o n ; the shape, 

s i z e , and c o n t r o l o f the o r e b o d i e s are de t e r m i n e d by 

the f o l d i n g , and i t s s t r u c t u r a l a t t i t u d e i n sp a c e . 

The p o i n t i s made, t h e r e f o r e , t h a t a l l the 

e v i d e n c e a t E c s t a l l R i v e r i n d i c a t e s t h a t the d e p o s i t s 

t h e r e are s i m i l a r , and t h a t t h e i r g e o l o g i c and 



s t r u c t u r a l h i s t o r y conform, I n e s s e n c e , t o the 

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

V. CONCLUSIONS 

A . G e o l o g i c and S t r u c t u r a l F e a t u r e s . 

1. A l l the metamorphic r o c k s I n the r o o f 

pendant have been f o l d e d . MetamorohIsm and 

s t r u c t u r a l d e f o r m a t i o n were contemporaneous. The 

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

the b a t h o l i t h s , are more c o n t o r t e d . The s w e l l i n g 

o f the g r a n i t e g n e i s s I n the headwaters o f Bed 

G u l c h Creek i s p r o b a b l y due t o f o l d i n g . 

2. Shear zones d e v e l o p e d i n ar e a s o f h i g h 

p r e s s u r e ; the r e g i o n a l s c h i s t o s i t y and c l e a v a g e are 

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

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

f o r h y d r o t h e r m a l s o l u t i o n s ; the r o c k s were t h e r e b y 

a l t e r e d t o s e r i c i t e . 

The ore s o l u t i o n s m i g r a t e d t h r o u g h the 

same zones and bot h " r e p l a c e d " and " d i s p l a c e d " the 

s e r i c i t i c f a v o r a b l e h o s t r o c k . 

5- F o l d i n g and s e r i c i t i z a t i o n c o n t i n u e d 

u n t i l the s u l p h i d e mass was t o o r i g i d . 



B. Ore C o n t r o l s . 

1. Shear zones are c o n f i n e d t o the Mine 

group o f r o c k s ; o t h e r ore d e p o s i t s a r e , t h e r e f o r e , 

l i k e l y t o be found w i t h the a s s o c i a t i o n o f those 

two fe a t u r e s. 

2. F o l d i n g has c o n t r o l l e d the s i z e and 

shane o f t h e N o r t h L e n s , and, t o a l e s s e r e x t e n t , 

the S o u t h L e n s . 

3 . The j u x t a p o s i t i o n o f the g r a n i t e g n e i s s 

p o s s i b l y caused the d o u b l i n g uo o f the N o r t h Lens 

and the t h i c k e n i n g I n the S o u t h L e n s . I t i s n o t 

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

but ro e r e l y over the shape o f the o r e b o d i e s . 

L L . A d e t e r m i n a t i o n o f the o v e r - a l l 

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

l o c a t i o n o f the o r e b o d i e s much i n the same manner 

as the o t h e r p y r i t i c r e p l a c e m e n t d e p o s i t s w h i c h 

have been d e s c r i b e d i n the r e p o r t . 

C. P r a c t i c a l A p p l i c a t i o n s . 

1. S i n c e the shape o f the N o r t h Lens has 

been d e t e r m i n e d by the f o l d i n g , t hose f o r c e s w h i c h 

caused i t s p i n c h i n g - o u t w i t h depth may r e o p e n t h e 

l e n s w i t h d e p t h . T h i s would have t o be accompanied 

by s h e a r i n g and the development o f s e r i c i t e . The 

s t r u c t u r e o f the N o r t h Lens i s p l u n g i n g '(0° a t 

about 5. l_t_0° E,, and any now orebody would l i e 

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



2, The S o u t h Lens s h o u l d c o n t i n u e 

f a r t h e r i n d e p t h . However, the f o l d i n g about 

the No. 2 C r o s s c u t c o u l d e i t h e r t h i c k e n the 

l e n s or reduce I t i n w i d t h . 

3 . The T h i r d o u t c r o p i s f a v o r a b l y 

l o c a t e d a l o n g a s h e a r and near the g r a n i t e 

g n e i s s ( i f t h i s i s a c o n t r o l ) , and an orebody 

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

I±. The s h e a r t o t h e southwest o f the 

South Lens i s w e l l d e v e l o p e d w i t h depth and 

c o u l d show m i n e r a l i z a t i o n e i t h e r a l o n g t h e . 

s t r i k e or down the d i n . 

5- T h i s makes t h e f l a t ground between 

Red G u l c h and the E c s t a l l R i v e r s o u t h o f the 

mine a f a v o r a b l e p r o s p e c t i n g a r e a . I t i s not 

f e l t t h a t the S o u t h Lens w i l l c o n t i n u e southwards 

at i t s p r e s e n t l e v e l s . R a t h e r the l e n s w i l l 

c o n t i n u e i t s p l u n g e i n the s o u t h e a s t e r l y 

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

D. G e n e r a l C o n s i d e r a t i o n s • 

The underground w o r k i n g s have been f u l l y 

u t i l i z e d b o t h i n diamond d r i l l i n g and i n mapping 

the g e o l o g y . I f the o r e b o d i e s are t o be extended 

i n d e p t h , the w o r k i n g s w i l l have t o be f u r t h e r 

developed f o r t h e r e i s no l o n g e r any p r a c t i c a l wa; 

to d r i l l deeper from the p r e s e n t l o c a t i o n s . Most 

of the underground g e o l o g y l i e s a l o n g the main 
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a d i t - w h l c h does not g i v e much o f a c r o s s 

s e c t i o n - a n d the c r o s s c u t s w h ich g i v e an 

average s e c t i o n o f about 60 f e e t . The 

ge o l o g y i s e x t r e m e l y l i m i t e d i n scope 

t h e r e f o r e . 

When the underground w o r k i n g s are 

e x t e n d e d , t h e utmost p r a c t i c a b i l i t y s h o u l d 

be used f o r the m i n i n g o f the o r e , t h e 

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

deep d r i l l i n g , and f o r the use o f the 

g e o l o g i s t , I n t h a t o r d e r . 

No f u r t h e r g e o l o g i c work I s recommended 

u n t i l the mine comes I n t o o p e r a t i o n . A t t h a t 
I 

11me, as the w o r k i n g s are extended, i t would 

be p r a c t i c a l t o work i n f u r t h e r d e t a i l on the 

s u r f a c e and underground g e o l o g y . 
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laTHosustioB; 
a i a r e p o r t and enclosed naps s u s n a r l z e the r e s u l t s 

o f t h e g e o l o g i e s ! l a v e s t i g a t i ons o f the Ho a t e l l R i v e r u i n e a r e a , 
P r i a c * Rupert, 3, C , c a r r i e d out d u r i n g the suianer o f 1952• 

Hhe u l t i m a t e o b j e c t i v e of t h i s g e o l o g i c a l progranae 
"as t o extend t h s k n o ^ ore bodies and t o a i d i n the search f o r 
new org bodies. R e g i o n a l end d e t a i l e d g e o l o g i c a l s a p p i n g trere 
t h e r e f o r e undertaken t o determine the s t r a e t u r a l c o n t r o l s ot , 
the a r e . once these c o n t r o l s a r e e s t a b l i s h e d , s i m i l a r s t r u c 
t u r a l c o n d i t i o n s oaa be sought f o r elsewhere i n the a r e a and-
thereby narrow the t a r g e t f o r ne* ore bo die a aa ire 11 as a i d i n 
t h e e x t e n s i o n o f th<t kno^a b o d i a a . 

g e o l o g i c a l v?ork has been c a r r i e d out by a number 
o? i n d i v i d u a l s , f h a bul& o f t h e reconnaissance geology {1000* 
t o the i n c h r e g i o n a l &ap), th© l o c a l geology o f the saiaa area 
(300» t;o the i n c h n a p ) , and the underground geology t?as under-
vakaa by the u r i t a r . S r . Hu^a Douglas undertook the d e t a i l e d -
geology o f the s u r f a c e a l o n g Hod C u l c a Creek i n the v i c i n i t y o f 
the n o r t h and south l e a s e * , as ^ e l l aa p a r t o f the r e g i o n a l s a d 
underground geology* f£he diasond d r i l l i n g p r o g r e s s ^ s a a l a i d , out 
and supervised by i & s a r a . K.K. Hasan, K. a. M o l l i s o a , and H» 
Douglas. Hasers. D. Lowrie and *>. debater a i d e d i n the r e g i o n a l 
napping ana i n the d r i l l h o l e l o g g i a s * 

Ihe r e g i o n a l jsappiag {1000* t o the i n c h ) v/as sssda ea 
topographic oape prepared frost a e r i a l photographs by F a i r c h i l d 
A e r i a l Surveys, Xne • P o s i t i o n s wore f i x e d by topography and 
a n e r o i d e l e v a t i o n s . 

•The l o c a l geology o f the mine araa was ssade on a base 
topographic map prepared by Basoa (I?p?) and p o s i t i o n s ware 
f i i e d by a n e r o i d . 

; i i t h the e x c e p t i o n o f the east p l a t e a u the rooks a r e 
g e n e r a l l y obscured by overburden. Hock outcrops are l i m i t e d , 
b e ing l a r g e l y c o n f i n e d t o creak r a v i n e s and a c u a t a i a r i d g e s . 
Despite t h i s .handicap, a f a i r degree o f c o r r e l a t i o n of r o c k u n i t s 
can be aehiaved. 

i l i a problem o f r o c k c o r r e l a t i o n i s g r e a t l y f a c i l i t a t e d 
by s t a r s o s c o p i o a s a s d n a t i o a o f the a e r i a l photographs* L i n e a a e a t s 
a t t r i b u t e d t o bedding o r l i t h o l o g i c v a r i a t i o n s o r a* prominent. 3a a 
north-south t r e n d of t h e r o c k s o f the n i n e a r e a , a 3 ~ * s e l l a s the 
n o r t a - ^ s s t trend o f the Johnson l a k e a r s a a r e c l e a r l y v i s i b l e i a 
the photographs. 
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Tn& r e s u l t s o f Mr* Douglas' work and M s i n t e r p r e t a t i o n s 
a r a presented i a a separata- r e p o r t . rJa* c r o s s s e c t i o n s o f the 
e r a b o c l s s i n t h e l i g h t o f t h i s season's dla&ond d r i l l i n g p r o -
gramma a r e a l s o presented i n h i s r e p o r t * 

i l i a I n t e r p r e t a t i o n s o f the geology, s t r u c t u r e , ore 
c o n t r o l s , and the recommendations f a r f u r t h e r r,-ork presented h e r e 
i n a r e t h e ' r e s p o n s i b i l i t y o f the w r i t e r . The ideas say be a t 
v a r i a n c e u&ta those e n t e r t a i n e d by o t h e r i n v e s t i g a t o r a i n the 
p a s t and a g a i n d u r i n g the'present f i a l d season* 'Taeaa i d e a s , 
however, a r e presented f o r t h e r e c o r d , b e i n g basod upon the 
w r i t e r ' s i n t e r p r e t a t i o n s o r the g e o l o g i c a l f a c t 3 * 

ihe r o c k s of the H C a t a l l H i v e r Kin© ar e a c o n s i s t o f 
a hig E i l y r^ataaorphosad complex b e l i e v e d to ba o r i g i n a l l y doadn-
c n t l y sodiiaeatsry i n o r i g i n * t h i s cotaplex i s approximately 4 
m i l e s wide, bas a dominant a o r t a - s c u t a s t r i K a , and i s bounded 
to t h e o a s t and -ssst by g r a n i t i c r o c k s o r t h e Coast Hangs bathe-
11 t h * Tarn sadissentary cesspits has been t r a c e d t o the n o r t h as 
f a r a s Had Gulch Ridge and t o • the south as f a r as Baian Crsek. 
Although not examined, the couples extends both t o the north and 
south of t h e xsap X i s & t s s t a t e d above. 

x h i s cotaplss i s regarded as a r o o f pendant i n the coast 
range b a t h o l i t a . Kosevar, i t zsay v e r y i?alX bS considered t o be 
a septa o f sodiiaaatary r o c k s ©steading t o a n uaknom depth and • 
bounded t o t h e e a s t and v e s t by v e r y l a r g e s i l l - l i k e b o dies o f 
grand t i c s b e l o n g i n g t o t h e a a i a c o a s t range bath o i l t h * 

P.agjonal Geology 
Thm rook formations o f t h e a r e a have be t a d i v i d e d i n t o 

two s e r i e s : the £&ne s e r i e s , and the Johnson l a k e s e r i e s . T h i s 
d i v i s i o n l a basaa upon l i t h o l i g i c a l d i f f s r e a c o a aa TOIX a s s t r u c 
t u r a l reasons which w i l l bacosae e v i d e n t in s e c t i o n s which f o l l o i r * 

A snsssary o f the r o c k f o r m a t i o n s o f both s e r i e s i s shown 
i a Table 1. D e s c r i p t i o n s of rock t y p e s a r e R e s e n t e d i n Appendix ~ 

3be d i v i s i o n o f t h e two s a r l a a l i a s approximately a l o n g 
a l i a s s t r i k i n g H 15°W throu^x the j u n c t i o n o f Johnson Greek and 
the Sea t a l l H l v e r (see leap 1*). The r o c k s t o the ^ e s t o f t h i s 
l i a s c o n t a i n the kno^a 32a s a l v e s u l p h i d a d e p o s i t s and a r s r a f a r r s d 
t o as the U n a s e r i e s . The rock3 o a s t o f t h i n l i n e a r e c a l l e d 
the Johnson Laics s e r i e s . 
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.Vina S a r l e s : 
C h l o r i t e 3 e a i a t 3 
Quarts C h l o r i t e 5 c h i a ^ a ; g n o i s s i o ; s i l t y j o a a r t a i t i a * 
Q u a r t s i t o a 
A r s i l l i t e 
Limestone 
Arenaceous Limeatone 

tTohnsgn j ^ k e ^ S e r i e a 
Q u a r t z i t a s ; s a s s i v e ; t h i n banded; a r ^ i l l a c a c u a . 
G r e y r r a e k a s 
A r ^ i l i i t e 
L l aeatone ( n i n c r ) 

Quax-is d l o r i t a 
Gabbro 
D l o r i t a 
Hornblende 
^ r e a l t e 1 1 Onsisa 
Hornblende Lasrorophyre 
B i o t i t o porx&yry 
Hornblende Sy e n i t e 
r a g ^ a t i t e a 
A p l i t e a . 
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The above coaplex has been i n t r u d e d by a v a r i e t y o f 
igneous r o c k s g e n e r a l l y " b a s i c i n composition b u t ranging t o nora 
a d d l e t y p e s , These i n t r u s i o n s g e n e r a l l y occur as a s e r i e s o f 
s i l l - l i k e b o d i e s p a r a l l e l t o the bedding planes o f t h e sediments. 
A nuaber o f I sapropayre dykes c u t t i n g a c r o s s the s e d i a a n t s a r e 
c3lao p r e s e n t . 

The igneous r o c k s obserred and snapped i n t h e ar e a under 
d i s c u s s i o n a r e shorn i a Table 2* D e s c r i p t i o n s and d i s c u s s i o n o f 
the igneous r o c k s appear i n Appendix B» 

the eoeplssc has been h i g h l y nataaorphoaed i m p a r t i n g t o 
t h e rocks a r e g i o n a l s c h i s t ©si t y t f o l i a t i o n , o r cleavage p a r a l l e l 
t o the o r i g i n a l bedding. Secondary c h l o r i t e i 3 abundantly da-
valoped throughout the complex and imports t o the r o c k s a daaina&t 
gre^sa c o l o u r o f v a r i a b l e i n t e n s i t y , 'iaa doaiinant green c o l o u r has 
been r e s p o n s i b l e f o r the term "greenstones 3 trhich has bean a p p l i e d 
t o t h e complex i n t h e p a s t * Tn& t e r a "greenstone* s h o u l d be r e 
s t r i c t e d t o r o c k s o f v o l c a n i c o r i g i n ha~/ing a com p o s i t i o n r a n g i n g 
f r o a b a e ^ l t i c t o a n d e s i t i c . Recks of d e f i n i t e v o l c a n i c o r i g i n 
( apart f r o a the p o s s i b i l i t y o f t u f f a e a o u a s e d i a e n t s ) have not bees 
observed i a t h e a r e a , and hence f a r t h e r use o f the tora* "green
stone* a s a r o c k u n i t i a r e g i o n a l sapping i s discouraged* 

A l l o f t h e rocks n i t a t h e e x c e p t i o n o f the i n t r u s i v e a 
have a w e l l banded appearance and i n c l u d e beds o f obvious a e d i -
noatary o r i g i n such a s q u a r t z i t e s , a r g i l l i t a s , and l i a s stone a. 
Both the Johnscn Lake and >ane s e r i e s a r e t h e r e f o r e b e l i e v e d t o 
be dominaatly sedimentary r o s k s . 

She d i s t r i b u t i o n o f the rook types i s shorn i a gap 1* 
HocJe u n i t s i n d i c a t e d a r e those a c t u a l l y observed. The d o t t e d 
l i n e s i n d i c a t e the p r o j e c t i o n and c o r r e l a t i o n o f t h e for m a t i o n s 
03 i n f e r r e d from t h e w r i t e r ' s o b s e r v a t i o n s and from examination 
o f the l i a s a a s s a t s a ppearing i a the a e r i a l photographs. 

STIlCCTimAL C20L0GX 

H e q i o n a l S t r u c t u r e 
Tsro g e n e r a l s t r u c t u r a l a t t i t u d e s a r e dojaiaaat. l b s 

rooks o f t h e M i a * s e r i e s have aa o v e r a l l nor t a - s o u t a s t r i k e 
d i p p i n g s t e e p l y t o t h e e a s t . The r e c k s o f the Johnson Lake 
s e r i e s have a g e n e r a l n o r t a v e s t s t r i k e and d i p s t e e p l y t o t h e e a s t . 

The roe&3 o f these ts© s e r i e s a l s o d i f f e r l i t h o l o g i c a l l y 
(Sea l a b i a ! • } • V a r i e t i e s o f c h l o r i t e s o h i s t s w i t h i n t e r b e d f l o f 
Q u a r t z i t e s , a r g i l l i t a s , and l i a o s t c n e a c o n p r i s o the j i i a a s e r i e s * 
On the o t h e r hand, the rocks o f t h e Johnson Lake s c r i e s a r o c h i e f l y 
t h i n banded t o massive quart s i t e s , greymo&es, and a r g i l l i t e a * o f 
greateat s i g n i f i c a n c e i s t h e f a c t t h a t c h l o r i t e s c h i s t s such as are 
found i n the :-.-±ae s a r i a s are absent i a tho Johnson Lake sax-lea* 
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S i m i l a r l y l a t r u & i v a h o m b l a n d i t e s i l l s a r e absent i a the foxsaer 
and abuadaat i a the l a t t e r a o r i s a . 

A j o a i t i v e e x p l a n a t i o n o f t h s t^o dominant s t r u c t u r a l • 
a t t i t u d e s i a not a v a i l a b l e a t pr e s e n t * K i d i d e a o f a s a j o r f o l d 
v i t a i t s apses p o i n t i n g t o t h e n o r t h and having a n e a r l y v e r t i c a l 
f o l d a x i s l a suggested but i s not borne out by g e o l o g i c a l f a c t s * 
Indeed* t h e r e i s sose o^ideaea t o support such a f o l d * l a Garnet 
Sreak t h i n banded q u a r t s ! t e a extend up t o 3oo* e l e v a t i o n a t which 
p o i n t aa e r g i l l i t s h o r i z o n i a encountered* Both the q u a r t z i t e s 
and a r g i l l i t a s have a n o r t h e r l y a t r l k a and steep e a s t e r n d i p . 
S a a l l drag f o l d s a r e nui&arous i a the g u a r t z i t e s . plunge 85^0 the 
south* aisd drag f o l d e d beds a r e o f f s e t from 2aat to *?e»t p r o 
ceeding t o the s o u t h . -

At 1000* e l * an a r g i l l i t e h o r i z o n s t r i p s S l ^ and d i p s 
s t e a p l y t o iSie- MB. Drag f o l d s i a t h e q u a r t s i t e a above t b a a r -
g l l i i t e plangs 3> 3 t o the a o r t a and i n d i c a t e aa o p p o s i t e d i r e c t i o n 
aas^e of"soveaent t o t h e drag f o l d s o f lower e l e v a t i o n s * 

I t tfould f o l i a * t h c a f r a a c o n a i d e r a t i o n o f t h e a b r u p t 
chance of a t t i t u d e and drag f o l d s that a 23a j a r f o l d 25ay e x i s t 
hare " w i t h the apes o f the -fold i s o l a t i n g t o the nor l a * h a v i n g a a 
a z l s l p l a n a s t r i k i n g about U W and d i p p i n g a t a ^ p l y t o t h e 
e a s t * 

A p r o j e c t i o n o f t h a t h e o r e t i c a l a ^ i a l plane t o the 
no r t h c u t s a c r o s s the c a s t plateau,. Hois w a r * napping o f t h i s 
p l a t e a u has f a i l e d t o i n d i c a t e t h a t such a f o l d l a p r e s e n t * 

I f such a major f o l d s x i s t a d , than the c h l o r i t e s c h i s t s 
o f tha £laa s e r i e s which appear 1000' waat o f the a x i a l p l a n e 
should be repeated t o the e a s t * However, q u a r t s i t e a , " gray w» eke* 
s c h i s t 3 * end a s s o c i a t e d i n t r u s i v e h o r a b l a n d i t a s continue f o r a 
t h i c k n e s s o f 7000' t o the c a s t and c h l o r i t e s e a l a t s a r a e n t i r e l y 
absent* 

The p o s s i b i l i t y o f a n a j o r f o l d thus appears u n t e n a b l e * 
l a p p i n g by l o s r i a and Webstar on the e a s t p l a t e a u showed 

the prssaaoe o f & zo&e o f b e a r i n g aoecsipaaled by gouge, a l o s g aa 
e r g i l l i t a h o r i s o a a t 2600* e l o v a t i o n * Drag f o l d i n g " of beds, and 
d i f f e r e n c e s o f s t r i k e by aa mxoh a s 20° ^ero observed oa c i t h e r 
s i d e o f the eh ear* However"* the c o n t i n u a t i o n o f such a shear 
baa not been observes i n Garnet Creek share continuous c a t c r o p s 
occur* Ijurtherrsore, the gen e r a l a t t i t u d e s of the formations o a 
e i t h e r s i d e o f the observed shear an the east p l a t e a u ans p a r a l l e l 
I t saeaa than t h a t a shear 20 ne by i t s e l f cannot account f o r t h e 
t i o g e n e r a l a t t i t u d e s o f t h e ̂ .Ine and Johnson l a k e s e r i e s * 

C o n s i d e r a t i o n o f the out c r o p s of q u a r t z i t o s on Had Gulch 
r i d $ e and the oa s t p l a t e a u i n d i c a t e s o g ^ a a r a l a t t i t u d e o f a 130 g 
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l a s - l ,greys?aoks a a c h i s t s o f Had Gulch r i d g e s t r i k e >i 10-13° £ 
and are c o r r e l a t e d ? i t h t h e ugreyTfacke a s c b l s t s j a f Johnson Lake 
area where they s t r i k e H 45° «/• 'Xherj^thus-a^aars t o be a 
'^antle s ^ i a g f r o a n o r t h t o northwest* l l h i s trend , however, i s 
not present i n i h $ n i n e s e r i e s ^here t h e general is&rlka i s n c r t h -
sottta* 

A p r i a s r y s e d i a o n t o r y p r o c e s s zsay account f o r t h e d i s 
crepancy between t h e a t t i t u d e s o f the t#o s e r i e s , l&e aodiaents 
o f the U n a s e r i e s s a y hare o r i g i n a l l y bsesi daposited i n -a c a d i -
n a n t a r y b a s i n y i e l d i n g the a r g i l l i t e s , l i a s a tones, q u a r t z i t a a , 
and c h l o r i t e s c h i s t s s h i a a firs p r obably r?etamorphoaed e q u i v a l e n t s 
o f i a p u r a shales* Subsequent t i l t i n g o f t h i s h S a i a w i t h c o n t i n 
ued d e p o s i t i o n r e s u l t e d i a t h e Johnson Lake s e d i a e n t s being 
d e p o s i t e d a t v a r y i n g a n g l e s r e l a t i v e t o the *4iae s e r i e s . L a t e r 
t i l t i n g a s s o c i a t e d w i t h the i n t r u s i o n s o f the coast range b a t bo
l l t h accounted f o r t h e present a s s r l y : v e r t i c a l a t t i t u d e s o f the 
t?0 c a r i e s . 

The r e g i o n a l s t r u c t u r e sseas t o r e s o l v s t o te> s e r i e s 
c f 3adir»ats each o f ishish c o n s i s t s o f a oonforsanbld succoaaioa 
o f s e d i a e n t a r y r o c k s . The l i t b o l o g i e a l d i f f e r e n c e s betveen the 
two s a r i an as oapbasised above add support t o such a s t r u c t u r a l -
i n t e r p r e t a t i o n * 'I'he conformable succession of each of the s e r i e s 
i s i n d i c a t e d by t h e general r e g i o n a l s t r i k e o f the sedi&eztfta. 
the c o n t i n u a t i o n o f i n d i v i d u a l f o r r a t i o n s along s t r i k e , a s w e l l 

the noa r e p e t i t i o n o f s t r a t a u h l a n *5onld occur i f any i s o 
c l i n a l f o l d i n g were pros tot. 

Folds,: «ith t h e cccceptioa o f a p o s s i b l e j&$av f o l d n e n t i o n s d 
above, f o l d i n g i n almost o a t i r e l y r e s t r i c t e d t o a l a o r 

d r a g f o l d s . That f o l d i n g i s o f niacc i n p o r t a n c a i s i n d i c a t e d by 
the extension o f i n d i v i d u a l f o r m a t i o n s along s t r i k e a s ^ e l l a a 
the l a c k o f any evidence i n the a e r i a l photographs *?here s t r u c 
t u r a l l i n a a a e a t s a r e proncuncad i n a H-3 d i r e c t i o n i a the t i n e 
s e r i e s end a d i r e c t i o n o f the Johnson l a k e s e r i e s * 

A f a i r l y large- opca f o l d , h a v i n g a v e r t i c a l a % i a l plane 
and a x i s p l u n g i n g J0Q t o the n o r t h , has been observed s a t h e r i d g e 
south o f johnsoa l a k e . The southern extensions o f t h e f o l d e d 
beds have not bean exasdaed but i t appeared f r o a d i s t a n t f i e l d 
o b s e r v a t i o n s t h a t the q u a r t z ! t e beds which a r e f o l d e d t o t h e e a s t , 
a ^ i n g , Grid a g a i n continue- t o the S*2. 

Minor drag f o l d i n g uhere beds have boon o f f s e t by as 
m e n as ten f e e t but aore corn-only by s e v e r a l f e e t o r l e a s a r e 
most coaaon i a the t h i n banded q u a r t s ! t e a * Dreg f o l d i n g i a 
u s u a l l y mors p r o a i a e n t near i c t r a s l v s masses and o c c a s i o n a l l y 
o l e a g shear zones. Dragfelde observed i a the K i n o a r e a g e n e r a l l y 
p l u a & j 60-70° t o the south* ;~'out o f the drag f o l d s o f t h e Johnson 
Lake s e r i e s p l u a s e s t e e p l y t o the n o r t h . 



1 7. 

Opposing zsovesaent d i r e c t i o n s have been observed on drag 
f o l d s going a c r o s s s t r i k e of the s e d i a e a t a * However, i t ̂ a s not 
p o s s i b l e t o c o r r a l at a thase drag f o l d s t o a r a t i o n a l s t r u c t u r e 
imch as i a o c l i n a l f o l d i n g * As s a n t i o n a d above , tba c o n t i n u a t i o n 
o f formations a l o n g s t r i l * s , the d i f f a r a n c s o f l i t h o l o g y a c r o s s 
s t r i k e , and t h e aoa r e p e t i t i o n o f s t r a t a pi-aeiuiie the p o s s i b i l i t y 
o f i s o c l i n a l f o l d i n g * "'th© area has, howivar, a s u p e r f i c i a l r e -
saablaaca to r a t i o n s b a l i n g undergono i s o c l i n a l f o l d i n g . 

ffi.eer Z-o^a; 
iiUpariapoaod upon the r e g i o n a l s c h i s t o s i t y end cleavage 

ere zones o f f i s a i l s , s a x i c i t i o s c h i s t s , zones o f h i ^ i l y f o l i a t e d 
C b l o r i t a s a h i s t a , o r a combination o f both* 2hose zones a r e 
i n t a r p r a t a d , a s v e i l as have been i a the past by o t h e r i n v e s t i 
g a t o r s , t o be shear zones-. 

"Dissecanstad p y r i t a n o r m a l l y occurs l a the V i c a r s l a 
amounts g e n e r a l l y I s s a than l*-2f 9* l a i a ' greaa s a r i p o s i t s (a 
ehroaiua enriched v a r i e t y o f the ah i t a a i c s , isuscovite} i s 
f r a ^ a a t l y p r e s e n t and l o c a l l y i mparts a s r e a a i s a t i n g s t o t h e 
rec k s aoraavnat resembling copper s t a i n * l a s s e r i c i t e and r i 
pe s i t a a r e b e l i e v e d t o ho h y a r o t a e z s a l a l t e r a t i o n s o f p v e - e s i a t i n g 
x-ocka* 

The shear sonas. v a r y f r o a s e v e r a l f a s t to mora than a 
hundred f e e t l a w i d t h . Of notable vddths are tao Hed C u l e h , 
A L l a l r o aidga, and Had B l u f f shear zonas v&ere o u t c t o p s i n o r cess 
o f 100* widths have bean c h a r r e d * rfha shaar 2 ones a r e f a i r l y 
r a a i a t a a ^ ?:cnas aad o f t e n stasia up i a r e l i e f r o l a t i v o t o tas • 
a d j o i n i n g ro ^ k . 

*lae n o t a b l e c h a r a c t e r i s t i c o f the ©hear sones i s t h e i r 
oo^onon l o e a l i z a t i on a l o n g a r g i i l i t a h o r i z o n s * 25ma the ah o a r 
.•ro^3 of Had G a l e a o r e a k j the 3*d m t c r o p shsar, A l l a i r e Creels 
shear, 6 shear soaas observed l a A l l a i r e Creek, end o t h e r s a r e 
l o e a l i s a d a l o n g e r g i l l t e h o r i s o n s * The shears tsay be w i t h i n , 
near, o r ©long the w a l l s o f the a r g i l ! i t a beds* I t s?ould appear 
t h a t t h a r a ^ g i l l i t e a have bean a r e l a t i v e l y -̂s-afe me^>er o f the 
rooks d u r i n g d o f o r a a t l c a and have served as a l o c u s o f s h e a r i n g * 

^he shear genes, however, a r e not e n t i r e l y n o r no oc
as a r i l y r e s t r i c t e d t o a r g i l l i t e h o r i s u ^ a . n o t a b l e o^coptaona 
ore the B l u f f cheer- Ss&naertca Creeps shear and i t s c o u n t e r 
p a r t south o f the 223 s t a l l P i v e r and t h e north e m extand.cn o f 
Had Gulch shear* 

I t has not bosn posaib3.o t o determine the asount o f 
di s p l a o e s e n t a l o n g the shear 2 one a because o f the ganaral 
p a r a l l e l ! a a between the ah c a r 3 one a and bedding o f "the s o d i s a a t s * 
D i s t i n c t i v e h o r i z o n sssrkera to i n d i c a t e t h e r e l a t i v e d i a p l a c e m a t 
are therefor© l a c k i n g . 
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I t i a f e l t t h a t the d i a p l a e e a s B t ha3 net bean v a r y 
g r e a t . Shear sonea o f t e n heecsao vealcar a l o n g s t r i p s . ITor 
i n s t a n c e , the Red Gulch shear can be t r a c e d along i t 3 n o r t h e r n 
e x t e n s i o n to the yt&a% p l a t e a u t o e l . widths up t o 100* 
o r noro outcrop a l o n g Its oateaaion whereas a t e l . the 
shear i a r e s o l v e d i n t o t v o zones of s o r i c i t i o s c h i s t 3* and 
1? wide. S i m i l a r l y , the nod B l u f f shear caanct be t r a c e d a l o n g 
t h e e a s t p l a t e a u ; however, overburden obscures aoat o f the 
r o c k s In t h i s a r e a . The 37d o u t c r o p j=haar a l s o appear a t o weaken 
p r o g r e s s i n g northward. 11 

A l l s t r i a t i c a a a l o n g Had Gulch shear i n t h e n i n e v i c i n i t y 
plunge s t e e p l y t o t h e s o u t h . S t r l a t i o a a i a the A l l a i r e creek 
shear e r a v e r t i c a l o r plunge s t e e p l y t o the n o r t h . T i a r a i a 
sooe evidence aach aa d r a g f o l d s and s l i c k e n a i d a d s u r f a c e s t h a t 
the hanging w a l l has ^ov^d up r e l a t i v e t o the f o o t b a l l on the 
A l l a i r e Creek end Hsd Gulch s h e a r s . These s t r i a t i o n s , however, 
assy r e f l e c t only the n e s t r e c e n t a o v m s a t s . 

I t rsay be s t a t e d a t t h i s p o i n t , end t h i s v ? i l l becom 
ev i d e n t f r c a d i s c u s s i o n o f t h e " o r t a l ^ n a shear s t h a t the shear 
zone zsay n o t be continuous w i t h depth. I f snob i a the c a s e , 
then the shear zones zsay have xacro o f the nature o f d i l a t i o n 
r a t h e r than components! laovaoent. 

( 



B e a t a l l R i v e r &in» 

L o c a l Ceoloay o f : i a 9 ,&rc& 
Tha l i t b o l o g y , rock d i s t r i b u t i o n , and s t r u c t u r e o f t h a 

ir s a a a i a t a j r i n a area i a auissarized i a i ^ p P r o a e x a a i n a t i o a 
o f t h i s nap i t 5.3 evident t h a t the r o c k s c o n s i s t o f a conforssabla 
a u c c e s s i o n o f s a d i a a a t a s t r i k i n g n o r t h t o south and d i p p i n g 
s t e e p l y t o the e a s t , l a i d e a l cross s e c t i o n o f the roeks l a 
shown i n F i g u r e 1* 

The acr t h end south p y r i t e Zonae a e r a l o c a l i z e d elon^j 
shear zones 7/hieh extend a l o n g a eo&pstent h o r i z o n o f q u a r t s ! t e a 
and t h i n bedded e u a r t z c h l o r i t e s c h i s t s (uhlan ere i n t e r b e d i e d 
w i t h narrow beds o f quartz!to3• kaaa competent c h l o r i t e s c h i s t s 
occur t o the east end seat o f t h i s h o r i z o n , re i s competent 
fo r m a t i o n i a r e f e r r e d t o aa the *23ins formation 5', f o r convenience. 

A body c f ; * ^ r e n i t o 1 7 g n e i s s a r t ends a l o n g the hanging; »all 
aide of t h a p y r i t e l e a s e s and can be t r a c e d e l on3 the e a s t e r n 
slope o f 3ed Culeh creek f r o a near t h e n i n e c s a p a i t e t o a p o i n t 
500' n o r t h o f the n o r t h I o n s . a£rsnite a g n e i s s does not cut crop 
a l o n g t h e saxaa h o r i z o n north o f t h i s p o s i t i o n . Ha? ever, s e r s r s l 
f o e t o f t h e g n e i s s \?ere obserred a l o n g the sasa h o r i z o n i n the 
core o f Oranby D.Ii.H. about 500' n o r t h o f tha nor t h l e s s • 

i h a shear zones of the n o r t h end couth l e n s appear t o 
c o a l e s c e i n the v i c i n i t y o f the north l e a s on the s u r f a c e * A 
c o n t i n u a t i o n o f t h i s eh ear sone can t e tree ad by o c c a s i o n a l c u t -
crops a l o n g t h e western slopes o f Had Gulch Creak t o t h a t?est 
p l a t e a u * 

The 3*0. outer op p y r i t e body occurs a l o n g a shear :sone 
union i a t u r n l o c a l i s e d near the f o o t b a l l o f aa a r g i l l i t e h o r i z o n 
end c u t s through c u a r t z i t i C l i k e q u a r t s c h l o r i t e a o h i s t a . 'foia 
a r g i l l i t e h o r i z o n end a s s o c i a t e d sens 3 o f s e r i c i t e so M a t extend 
south a l o n g t h e eastern alope o f Had Gulch Creek end a r e a p p r o x i 
mately 1250* s t r a t i g r a p h l e a l l y above and east o f t h e Mine 
f o r m a t i o n * ^ h i e 3hoar~ean bo trowed 1>y aot>anions! outcrops t o 
the n o r t h e s f e r aa Hed Gulch Ridge* vhe a r g i l i i t e h o r i z o n t h i n s , 
out t o t h e n o r t l i , l a not present l a H<ki Gulch Grade, but A3 
o c c a s i o n a l l y observed on the ha n t i n g v r a l l a i d e cf t h e sheer towards 
Hod Culea r l d s e . 

A n o a a i f o f ^ r ^ n i t e gneiaa o c c u r s approximately l o o ' 
'treat o f the 3 Jd out or org p y r i t e body end ©stands t o t h e n o r t h f o r 
about 7>0* a l o n g Hod Gulch Creek. V h i o body i a so:^e 1C0* td.de, 
i m o d i a t e l y b e l era the 3?d outcrop but; s h e l l s r a p i d l y t o tha soet 
proeee-iii-^ northward a t t a i n i n g u i d t h s up t o ?3o*. Aa rof«?ronea 
to :̂ ;p /-2 shows, the body i a o f i r r e g u l a r shape i n comparison t o 
the t a b u l a r north-south forraations observed elsewhere i n t h e area 
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and appears t o bo aa • i n t r u s i v e sgtas 'shich t r a n s a c t s the n o r l a 
s t r i k i n g oadjUnents. c-ha c o n t a c t o f th3 "granite 1* g n e i s s v&th 
the r t u a r t % c h l o r i t e s c h i s t s along Had Galea craak a a sharp mid 
d i s t i n c t * I n t r u s i v e r e l a t i o n s h i p s t i l t h i r r e g u l a r apophyses 
Q i the gnoiae extending i n t o the c h l o r i t e s c h i s t s a r e observed 
l a one of the creeps a t t h e ̂ a s t e r n c o n t a c t . £he unusual shape 
of the staasi?, the g r a n i t i c t e x t u r e o f the ro c k , end cosss o v i -
donee o f i n t r u s i v e r e l a t i o n s h i p att©3t t o an igneous o r i g i n 
o f the gneiss** 

a o r t h and.Sonth Leasea 
C^o i33a3ive p y r l t e d e p o s i t s , r e f e r r e d "So a s r.or^j 

and south l e a s e s , for** the & a l n ore bodies o f t h e S o s t a l l 3 i v s r 
r&ns?. Ihe s u r f a c e outoropa o f thsae orabodias a r e shown l a 
&p and r o l a t i o a a o i p s underground i n s^p ^3. H a n s , v e r t i 
c a l c e - i t i o n e , end d e s c r i p t i o n s o f the o r e bod i s 3 w i l l bo t r e a t ad 
i a nore d o t a . i l i n a ^ a p o r t b e i n g prepared by H* Douglas. 

'fhe i * o o r s b o d i e a a r e o f t h o r a p l a c e ^ a ^ t type o c c u r r i n g 
a l o n g shear sones whion ore n e a r l y p s r s l l a l and s^psratad by a 
e i a t a u c e o f >0' o r l a s s * Th£ aouia X^na i a t a b u l a r I n s:;ar*. 
b e i n g approximately IpOO f o e t l o n g , v a r y i n g 2a widths up t o 4p f t . 
sua yatcaidin-s a a u n k n o t d i s t a n c e i a depth. Diamond d r i l l i n g 
up t o the urasGat tisae has i n d i c a t e d a v o r t l c o l or*teat aa ssaca 
os 1125* b e l o ? the s u r f a c e o u t c r o p s , 

Th& n o r t h ' l ^ n a i a l e n t i c u l a r I n chape w i t h a pronacneed 
a s e l l i n g «u i t 3 n o r t h e r n e x t e n s i o n * The Ions can be t r a c e d f o r 
959* on the s u r f a c e arid has a S3&«dLa«ai depth cf a p p r o x i m a t e l y 
750* below t h e s u r f a c e o u t c r o p . 

• outcrop <cf s a a s i v a p y r l t e up t o $i ts£&s end 20' l o n g 
l a exposed on the steep elOps 1£D* east o f Tod GitLsh Crook 200* 
b;?!o3 the f a l l s * D*B.H. 3b d v i l X o d underground t o o ^ r l o r a t h a 
doi&sard c o n t i n u a t i o n o f t h i s zone showed o n l y a ah oar son© con
t a i n i n g disseminated p y r i t e . 

About 10 i n c h e s o f massive p y r l t e i a saroosed i a a s u r f a c e 
t r e n c h en the nest s l o p e o f Bed Gulch Greek about 500* n o r t h o f 
th a tela* c a & c s i t s * ^ i d t h a UT> t o 10 l a c h e s c f iLaosivo p ^ r i t a 
hava t-saa obsarved underground {at the baud o f t h e a a i a haulage 
d r i f t ) a t t h e do^asard p r o j e c t i o n o f t h e s a r i n 0 9 o u t c r o p , Blaacnd 
d r i l l i n s i n d i c a t e s a seaksning o f t h i s sain e r a l i s a t i c a t o t h e 
EOUt-h . 

fhe a s s s i v e p y r i t e d e p o s i t s a r e o f the r e p l a c e s ant type 
o c c u r r i n g i a shear zones and presumably have more or l o s s com
p l e t e l y r e p l a c e d the e a r i c i t e s c h i s t s * The p y r i t e i s g e n e r a l l y 
f i n e t o aodi u a g r s i a e d , j s a s s i v e , and vary u n i f o r m i n t e x t u r e , 
•u-nor amounts o f s p h a l & r i t e , sad o c c a s i o n a l l y c h a l c o p y r i t e 
a s s o c i a t e d a i n e r a l a * 
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I n c l u s i o n s of unraplaoad rock a r e r a r a b e i n g a o s t 
oosrson r-aar tbo w a l l a of the crebody« The i n c l u s i o n s ^ h s r a 
ohasryad c o n s i s t a s a s a t i a l l y o f h l ^ l y f i s s i l e s e r i c i t e 
s c h i s t snd 01*3 b e l i s ? a d to be u n r a c l o c a d p o r t i o n 3 o f tha 
s e r i a l t i c s c h i s t s o f tha eh ear zonae* The s a i l s a r a g e n e r a l l y 
f a i r l y s h a r p l y d a f l a e d and souse i s absent. 

P3QUdoisQrph3 o f o r i g i n a l f o l i a t i o n a r c o c c a s i o n a l l y 
p r o a i n a n t i n the n a s s i v e p y r l t e and e s p e c i a l l y so i n the 
s u r f a c e exposures o f t h a a o r t a l e n s * Tula f o l i a t i o n i a cecal-
bit-ad by sesovhat c o a r s e r t r a i n e d p y r i t e , a h i g h e r p r o p o r t i o n 
o f g:3nsue (quarts) a l m g narrow 2obes 9 o r by isore h i g h l y 
Spitted o r eroded planes accentuated cn the sreataered s u r f a c e * 

ghaar ^ ^ 3 3 o f 13 ad p u l c h S r a g % 
Tnia s e c t i o n i a devoted to isora da t a i l e d d i s c u s s i o n s 

o f t h e sns&r zones appearing i n '3ed Oulch Oroek* Xt i s f a i t 
t h a t t h a n a t u r e o f the shears 5,3 important i a the understand
i n g of t h e ooctsrrcsce a:* v a i l a s t h e shape o f b o r a the n o r t a 
end s o u t h l e n s e s * 

I t jsay bo s a i d a t tha c u t e s t t h a t these shear zones 
a r e n o t a s i a p l e sons o f s h e a r i n g but o o n s i a t o f 4 separate 
s k a a r s t;hica Eppear i a d i f f e r e n t h o r i z o n s and ^?hich appear 
t o , or do d i e out a l o n g t h e i r n o r t h find south o x t r s s i t i s a , 
Taar© i a a l s o ao&s evidence t o suggest t h a t the nor2* l e n s 
s b t ^ r n sy have bo^a o r i g i n a l l y a • s u b s i d i a r y o f the south ie&3 
sheer c o a l e s c i n g a t a p o s i t i o n near t o , £ut o'aova, the p r e s e n t 
e r o s i o n s u r f a c e o f Bed Oulch Crook* 

*Dhs south Ions shear zots f i r a t cub crops s a v e r s ! hundred, 
f o o t n o r t h o f the caved i n a d i t 500* n o r t h o f t h e rsina caap-
s i t a * Tha shear zone, c c a a i 3 t i c g o f f i s s i l e s e r i c i t e s c h i s t , 
f o l l o w s a a a r g l l l i t a h o r i z o n s e v e r a l f e e t sri&e, u h i c a can be 
t r a c e d a a f a r north ea t h a o l d Dunscuir Tunnel* S J O ar s i i l l t o 
does not reappear t o tha n o r t h but the shear acne, however, 
contirrues northward and nrossea Bod Gulch Crook below tha 
f a l l s * 

She shear sons o f tha n o r t h l a n s f i r s t appaara on the-
s u r f a c e a s a narrow sons o f s e r i c i t e s c h i s t t e a r i n g to the 
s c u t a a t 3 p o i n t £00* b o i o * tha f a l l s and about i p ? e a s t o f 
tha s c u t a Ions shear ( c f . underground d i s t a n c e o f 50 f e a t 
s e p a r a t i n g the tuo s h e a r s ) * The north l e n s shear p a r a l l e l s 
t h a south shear and fcotn extend u^dsr tha overburden t o tha 



15, 

north and west o f the f a l l s . A t h i n a r g i l l l t e bed l e s s then 
1* i n u i d t h age i n eztea&e on the ha ngia.3 s a i l s i d e o f t h e n o r t h 
shear f o r 150*• 

TT^O soues o f s a r i e i t e s o h l a t outcrop i n the creek 150* 
n o r t h of the f a l l s and are c o r r e l a t e d "with the n o r t h end south 
shears* Outcrops a r e a g a i n obseured by overburden* I n the v i 
c i n i t y or t h e n o r t h lo.aa a e r i e i t i c s c h i a t a form the hanging y e l l 
and f o o t # a l l o f t h e p y r i t e body, and are b e l i e v e d t o be s u r f a c e 
e x p r e s s i o n s o f t h e south end north sneer* 

The s e r i c i t e a c h i a t a on the hanging &&U a r e drag f o l d e d 
i'#ith e f f e c t s t o t h e ieeat proceeding sorth'sard* The p y r i t e body 
extends s e r o s a the creek and presue-ably the a e r i a l t e ' e o n l a t e $ h i c a 
Save been c o m p l e t e l y replaced by p y r i t e have o r i g i n a l l y extended 
l a t h i s d i r e c t i o n * Tea north l e n i £ho?ra a pronounced tape r i n g 
aeroaa t h a creek and narrows t o s e v e r a l f e s t «biea continues n o r t h 
ward and £/se l a s t seen eat ending i n t o a sheer b l u f f * The s e r i c i t e 
a c h l a t s beoocjs s o r e prominent a t the n o r t h e r n e x t e n s i o n o f tha n o r t h 
l e n s • Tha area n o r t h o f t h i s b l u f f i a l a r g e l y obscured by o v e r 
burden* The shear sone, however, can be t r a c e d by o c c a s i o n s ! out
crops a p p e a r i n g i n creek bottena up t o e l . on the west 
p l a t e a u * At t h i s p o i n t the sheer has narrowed t o too zonea of 
5* and 1* trideae* A c o n t i n u a t i o n o f the shear sons baa not bean 
observed n o r t h o f t h i s p o s i t i o n sad i t appears t h a t the shear 
zom beccnee weaker and* f i n a l l y n o n - e x i s t e n t t o t h e n o r t h . 

l a the underground ? o r k i n g s {see Kap ^35 the south Ions 
i a f i r s t observed i a Mo* 1 X-cut* I t ' f o l l o w s a g e n e r a l n o r t h e r l y 
course v i t a g e n t l e u n d u l a t i o n s end l a l e s t seen a t Ko* 6 X-eut 
trhsre i t s^iuga t o t h e -aeet o f the raain d r i f t * I t i a s i g n i f i 
cant t h a t t h e south shear shears no weakening t o t h e n o r t h . I t 
i s , however, a t t h i a p o i n t composed e s s e n t i a l l y o f h i g h l y crenu-
l a t e d c h l o r i t e and s e r i c i t e i s b i n o r o r absent* S e v e r a l ^sak 
s-inor shears t a p e r i n g t o the n o r t h a r c present a l o n g the asaia. 
d r i f t ana appear t o be s u b s i d i a r y breaches of thm tmln south 
shear* The" south shear appears t o tecoaa weaker i n the area south 
of Ho* 1 X-eut i n d i c a t e d by diamond d r i l l i n g i a t h a t a r e a * 

'The n o r t h I s n a ahear i s f i r a t observed i n No* 3 X-ent* 
S e r i c i t e a c h i a t v e r y minor a t t h i s p o i n t and presumably the 
p y r i t e body which i a 2* ^ i d o a t t h i s p o s i t i o n has almost 0 c a p i a t e l y 
r e p i e c a d the o r i g i n a l s e r i c i t e s c h i s t * S i m i l a r l y t h e s e r i c i t e 
s e a i a t s a t t h e o r e ^ a l l a i n o t h e r Z-cuta a r e verv n i n o r * 2a-
c l u ^ o a a observed w i t h i n the J s a s s i v a p y r i t e o f Ho* 6 X-eut con
s i s t o f a e r i e i t a s e h i s t * The s a r i c i t a i a s e r a prominent i n 
T).3.H.*s #15 and «2$. 

I t i a s i g n i f i c a n t t h a t the a o r t a l e a s i s about $0* seat 
ox* tha south l e n s underground uhereae the two o r e c o a a i d s r a b l y 
c l o s e r on the s u r f a c e as - ^ e l l a a s t r a d d l i n g t h e s u r f a c e o u t c r o p 
of tha n o r t h l e n s * Of g r e a t e r a i g n l f i o a n e e i a the facts t h a t no 
shear 2 one vjhataoever occur a i n Kos* 1 sad 2 2 - e u t a , and D.D«H* 
i?3c at the p o s i t i o n o f the southward p r o j e c t i o a o f t h e n o r t h shear* 
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Again tha no r t h shear has not been oh served i n D.D.H's *24- and 
at i t s northward p r o j e c t i o n , S i m i l a r l y the .shear h '33 not 

he en detected i n D.TJ.H*e 51, 52 and 53 G r i l l e d to i n t e r s e c t t h a 
downward p r o j e c t i o n ox* the n o r t h lane scout 300 T below the e d i t 
l e v e l • 

I n view o f t h i s the n o r t h l e u 3 shear appears t o be a 
l e n 3 shaped -zone having a dissaeter o f approximately 1000' w i t h 
i t 3 upper s u r f a c e extending above the present e r o s i o n s u r f a c e o f 
Red Gulch Creee » There i s a l s o some evidence t o i n d i c a t e t h a t 
the north shear nay have been a s u b s i d i a r y o f the south s h e e r , 
the two c o a l e s c i n g above t h e p r e s e n t e r o s i o n s u r f a c e * 

I t a l s o appears t h a t no gr e a t displacement has taken 
p l a c e along the n o r t h sheer but r a t h e r the movement has been 
one o f d i l a t i o n i n which the w a l l a have been pushed outward both 
t o the e a 3 t and Tj'sst as appearing i n r i g . 2. Such a d i l a t i o n a r y 
noveaent may account f o r the l a r g e drag f o l d s seen on the east 
w a l l of the n o r t h l e n s . 

The n o r t h , south, end downward c o n t i n u a t i o n of the 
no r t h p y r i t e l e n s i s p r l r s a r i l y dependent upon the c o n t i n u a t i o n 
o f the shear zona r a t f i e r t han being a f u n c t i o n of the drag f o l d s . 
The shear sons becomes no h - e x i s t e n t i n these d i r e c t i o n s and t h i s 
i s attended by the non continuance o f the p y r i t e body. The drag 
f o l d s a r e important, however, i n determining the shape o f t h e 
ere body* 

A. t h i r d sone o f s e r i c i t e s c h i s t secure 150* east o f 
Hod Gulch Creek. . T h i s sheer, which i a p a r a l l e l , t o th e sediments, 
can be t r a c e d on the east s l o p e from a p o i n t 300* south o f t h e 
Dunssiuir t u n n e l to a p o s i t i o n due east of the f e l l s . Xt f o l l o w s 
en a r g i l l i t a h o r i z o n f o r 5QC* i n the southern end. The sheer 
zone narrows and pinches out at soe:e p o s i t i o n on the i n a c c e s s i b l e 
b l u f f s east o f the f e l l s and 5.3 not observed 200* t o the n o r t h 
where continuous outcrops e x i s t . A l e n t i c u l a r body o f p y r i t e up 
t o 5* wide and 20* l o n g outcrops i n t h i s shear e a s t o f the f a l l s . 
" G r a n i t e * g n e i s s , h i g h l y a l t e r e d by saeonardy Quarts, f o r a s the 
f o o t v a l l o f t h i s shear zcn» along a p o r t i o n o f i t s exposed l e n g t h . 
The shear acne i a observed i n D.D.H. jf3& but c o n t a i n s ' o n l y dissem
i n a t e d p y r i t e . 

A zone of s e r i c i t e s c h i s t i s observed on the west s l o p e 
o f Bed Gulch creek i n a t r e n c h o c c u r r i n g a l o n g s i d e a f o o t t r a i l 
500* n o r t h o f the o l d caved i n a d i t . E xtensions of t h i s sheer 
e r e obscured by overburden t o the n o r t h end south* This s h e a r i s 
c o r r e l a t e d t o th a t o c c u r r i n g a t the bend o f the main d r i f t under
ground south end east o f No. 1 S-cut. The shear zone^narrows 
down to non-existence i n i t s northward extension underground and 
weakens t o the south from d s l l l core o b s e r v a t i o n s . 
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U^er--*rouad G e o l o g y 
T i a geologv Bad s t r u c t u r e o f t h a underground workings 

a r e shorn i n SSap J3* Tha & a i n haulage d r i f t extends l a r g e l y 
a l o n g s t r i k e o f tha s«di3?ents* Tha eras sou t3 aa w a l l aa t h a 
S.-i* p o r t i o n o f t h e svain, d r i f t c u t a c r o s s tha s t r i p s o f 'She 
r o o k s and y i e l d a s t r a ^ i s r a p h i o c r o s s s e c t i o n about 350' 9 i d e * 
The geology o f t h a f l a t d r i l l h o l e s has a l s o bean p l o t t e d t o 
£ive a d d i t i o n a l i n f o r m a t i o n o f the rook s t r u c t u r e * 

L i t h o l O j g l o u n i t s ere s i a i l a r t o those observed on t h e 
s u r f a c e * A r e l a t i v e l y competent a o r i s o n approximately 48-0* 
v i d e s t r i k e s l a a n o r t h e r l y d i r e c t i o n and i s bounded t o t h e v: 
east snd west by l e s s caapetant c h l o r i t e a c h l s t s * 

£he competent h o r i s c n c o n s i s t s o f tha f o l l o w i n g rooks 
g r o g r e s s i n s f r c a v?feet t o e a s t : isa s a l v e g r e y o u a r t x i t e a , 
^ a a r t s i t i e l i k e q u a r t s c h l o r i t e s c h i s t s , t h i n bedded quarts• 
c h i o r i t a s c h i s t a {^hiah c o c s i s t c f q u a r t x l t e e up t o 2» vida 
but g e n e r a l l y s e v e r a l Inches o r l o s s i n s i d t h interbedded w i t h 
Quarts c h l o r i t e schist)» and a q u a r t s c h l o r i t e g n e i s s c o n t a i n i n g 
v a r i a b l e amounts o f hornblende o r b l o t i t e* A r g i l l i t e has boon 
observed I n i:o* 1 X-cut and i n d r i l l h o l e s t o t h e s o u t h . S i l l 
l i k e b o d i e s o f g r a n i t e 4 * g n e i s s o c c u r t o the o a s t * 

£he massive grey q u a r t s ! t e a for:a the beat h o r i s o a c s r k a r * 
Ihev f i r s t appear a t t h a bend o f the s^ain d r i f t ( s u r v e y s t a t i o n 
x>>) and i n &o» 1 2-eut* *hay extend s o r e o r l e s s p a r a l l e l t o 
the main d r i f t t o ' t h e n o r t h a a f a r 03 no. 5 2-cut* 'i?ho beds 
o r e I o n t d c u l a r a l o n g s t r i k e * Although g e n t l e undula t i o n s a r e 
p r e s e n t «*hara beds a r e o f f s e t frcsa a 3 a r b i t r a r y p l a n e r h o r i s o n 
by a s SfUoh aa 15 f e e t , the a e d i a s n t s continue a l o n g s t r i k e l a 
a n o r t h e r l y d i r e c t i o n * no tmjoT f o l d i n g i a present o r i n d i c a t e d * 
Minor d r a g f o l d a a i t h o f f s e t s of s e v e r a l f e e t o r e , however, 
p r e s e n t * 

A f o r m a t i o n up t o 100' wide o f the t h i n bedded q u a r t z 
c h l o r i t e s c h i s t s occurs t o the e a s t o f the grey 22a s a l v e quart s i t e s 
i n jios*- 4 3 5 s and o X-cttts* *Ihe sassa f o r a a t i o n ceeure i n t i e s * 
1, 2, and 3 X-outa on t h e hanging w a l l s i d e o f the south p y r i t e • 
body i a widths v a r y i n g f r o s 3C~50 f# 

She south l e n s shear r e f l e c t s t h e u n d u l a t i o n o f t h e 
isasslvo grey quart s i t e s and a p p a r e n t l y has been l o c a l i z e d i n 
the t h i n bedded cuarfcz c h l o r i t e s c h i s t f o r m a t i o n a d j a c e n t t o 
t h e maaaive grey c j u a r t x i t e s * The shear had been subsequently 
l a r g e l y r e p l a c e d by rssasive p y r i t e * 

Tha t h i n bedded o u a r t s c h l o r i t e s c h i s t formation i a 
g r a d a t i o n a l t o the e a s t i n t o a green quarts c h l o r i t e g n e i s s * 
B l o t i t a and hornblende i n v a r i a b l e amounts i s abundant i n t h i s 
r o c k . The g n e i s s l a observed I n the e a s t e r n e x t r e m i t i e s o f 
isoat c r o s s - c u t s * Tee r o c k , a l t h o u g h ha-dng a g n e i s a l o t e x t u r e 



1 1? 

i a d i s t i n c t froa the hro'sa r 53ranite* s^aias «high i a dismissed 
below* 

The north pyrite lens has bean foxmad i n a shear sone 
^hioh arpeara to be localised at or near the gradations! con
tact of the tain bedde4 end the gnelssis cuartz chlorite schists* 
OTaia contest gradations! and i t l a d i f f i c u l t to decide to 
union unit the rocks adjacent to the north lens belong* Graxdte 
gaaisa occurs at the fkce of no* 1 z-out .and i n narrow siH-Xiize 
bodies' i n l*oa* 4 and 6 X-euts* I n $£a* G X-cut tha snaias has 
oau&rahat o f aa ' intrusive relationship i a that i t has irregular 
spothysas and also transects the f o l i a t i o n at a sssall ai^gle* 
The^gaaias also occurs i n the longer diamond d r i l l holes to the 
ea^t i n a number of s i l l - l i k e bodies* 

•iith tha exception of the pa r a l l e l north and south 
shear a case i&ers ars' no na jor fault a i n the unuarground workings* 
Th^re i s 9 therefore ff ao indieatloa of possible dislocated ore-
bodies* 

ulnar displacement t o several feet ha a occurred along 
Joints i^daor faults) having a ncgfSaerly strike and 30-40° dip 

\ %o the y-est* 'Hie hanging *?ail has isovad up and t o tha &est 
relative to the football alc&jg the Joints* 
Org ..Controls: 

[2he following factors appear to be important i n the 
localisation of ore- sad are oiaSusaed brioxlv b^lcsrs 

1* Sh^ar sones 
2* Oompetent rocks 
3* ^Granite" gneiss 
4* Undula t i m e and dreg folds 
5. A r g i l U t o * 

1* fhe massive pyrite bodies occur aa replacement deposits 
along sonos o f s e r i c i t e schist which are- interpreted to be sheer 
Bones* Other shear zona?* are numerous i n the area but contain 
only diasssdnated pyrite i n amounts ganarall^r froa 1-2J* .ffha 
pinching out of tha north lens i s a coasequease o f the pinehing 
out o f tha shear gone* 

2» Ihe north and south leases occur in shear ssonee l o c a l -
±2su along c©&pet#nis reoka consisting of ^uartsites and thin 
bedded quarts chlorite schists* I M s ccapetent fcreation i s 
bounded to the oast and ^est by less ooapetent chlorite schists* 

£ha third outcrop occurs i n a shear uhlch passes throu^j 
a competent quartsite l i k e quarts chlorite schist* Ibis form
ation* i a bounded to the east by a r g i l ! i t e end loss empeteat 
chlorite schist and to the uest by "granite* gneiss* 



i-aasive p y r l t e has not bean. observed a l o n g the maeroue 
shea? aonae paa a l n g through the insoispatent c h l o r i t e a c h i a t a 
observed e l a e v h e r a i n the area 

3»- " G r a n i t e 3 gueiaa cztanda aicaag tha hanging t ? a i i s i d e 
o f t h a n o r t h and south l o n a e a t and an i r r e g u l a r s a a a i f o f the 
gneiaa o c c u r s near tha f o o t b a l l s i n e o f the 3*d o u t c r o p , i t 
i a s i g n i f i c a n t t h a t t h i s rock has n o t boon observed alaowhere 
slonz the aajsaa h o r i s o n and w i t h one ©sooption ho 3 not been 
c b s s r v s d elsewhere i n tha area*- I t aeeos t h a t the ©saooiati on 
o f tha g r a n i t e gnaise w i t h t h e massive p y r i t e s a y be as important 
c o n t r o l r a t h e r than b d n g f o r t u i t o u s , 

S h i a o f Qourse dcea not i a ? l y t h a t 7d.nera!izing s o l u t i o n a 
have bass* d e r i v e d from thaaa i n t r u s i v e joasaaa* Indeed , the 
th e o r y t h a t m i n e r a l i s i n g s o l u t l o n a a r a d e r i v e d by f r a c t i o n a l 
d i f f e r e n t i a t e on o>f nearby g r a n i t i c 23a aaea i a not- one t o s h i o h 
the f ? r x t ^ r s u b s c r i b e s * I n t r u s i v e 2aaaaea t h'S-sfevar, v e r y o f t a n 
appear t o have t h e r o l e o f purvayora o f h o o t , t h u a e n a b l i n g 
x s l n a r e l i z i n g s o l u t i o n a to aaeand frost dapth* 

'* G r a n i t e * gnaisa' a l a l i a r i n appears no a t o the a f o r e -
.santionad oa^urrsncaa iiaa observed; o n l y i n tha v i c i n i t y o f 
Ihoabe Creek on the p l a t e a u srbera I t occur a i n s i l l - l i ? : e 
bodiaa up t o 3 C 0 3 wide, ^ha c h a i s e i n t h i a o r s a i a not u n l i k e 
t h e naarby g r a n i t ^ a o f tha s a i n b a t h o l i t h i c siasaae extending 
t o tha uaat* -:£he g r a n i t i c a boeona sK>ro g n a i a a i a near the 
contact o f t h a a^ d i s a n t a r y complex throughout t h e a r e a , £gain 
na s a l v a s u l f i d e s . i n the f o m o f p y r i t a 9 p y r r b o t i t & . and chalco--
p y r l t e ^-are observed I n t h i a a r e a to f«o a t r i a ^ a r a 4 a and j j * 
wide* 

. s i m i l a r l y seraraX scsall s t r i n g e r s o f a s s a i v s pyrit-a 
ware aeen i a . j o i n t s I n quartsdtea south c f Johnson l ^ K a near 
tha n a i n g r a n i t e " c o n t a c t * '*ha " S ^ l s s a i l outcrop 1* o f Banna • 
v a l l e y whioh £ 3 -discussed i n d e t a i l £21 succeeding aaotlena-
a l s o o c c u r s Bear the g r a n i t i c c o n t a c t * 
4» TJndulationa i n t h a shear sone- appear t o be am important 
c o n t r o l i n t h a formation of t h a d e p o s i t s * A t t e n t i o n i a Sra~m 
t o the u n d a l a t l o n a o f t h a ̂ u a r t z i t e d underground and tha. r e ¬
f l e c t i o n o f t h e south i o n s o f these u n d u l a t i o n s * Tha g r e a t e s t 
o f f s e t o f t h e ba&e underground occura a t Ho* 2 X~eut (see ?*ap 

t h e importance o f the u n d u l a t i o n s a t t h i s p o i n t i a i n d i 
cated by tha g r e a t e s t width o f the eputh l a n a p y r i t e body. 
A ^ a i n , "ha l a r g e drag f o l d s on t h a s u r f a c e sar3c t h a north-oast 
l i r z i f c o f t h a n o r t h lane* 

*Dheae unquiet lone and drag f o l d a canned be co n a i dared 
t o be t h a o n l y oro c o n t r o l 0 3 d r a g f o l d a snd u n d u l a t i o n s aro 
present a l o n g o t h e r shear soaaa v&ara n a a s i v a p y r i t e l a 
e n t i r e l y l a c k i n g * 



7) 
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They appear to be, ho-gevar, one o r tha 23sia c o n t r o l s 
i n ch» l o c a l i s i n g , ana determining: o f the nha^s o f tha orabodiaa." 
5#

 jrh3 r e l a of tb3 «r$£iiitea i n the l o c a l i s a t i o n o f tha 
no s ^ i v a p y r i t e bodies appears to be important o n l y i n t h a t 
thoy aa l o c i f o r shear zones. As discus sad. h i t h e r t o 
tha shear zcnea are g e n e r a l l y a s s o c i a t e d «iin o r ^ i l l i t a bade* 
The e r g i l l i t e o have served aa incoi-rpcteat h^r* sona s u a c o p t i b l a 
t o shearing fluting orogenie d i s t u r b a n c e s . 

Tm a r ^ i i l i - u a a thesjaelvaSp &a ae«m underground, i n 
d r i l l h o l s a # and on tha s u r f a c e , do not aetri* t o be a fav o u r a b l e 
r o c k f o r r s p l a e e a o a i and f e n s it a l l uei'ined c o n t a c t s -edth t h e 
a s s a i v a p y r i t e . Although s e v e r a l percent o f disseminated 
p y r i t e i n the a r ^ i l x i t a a xs i n v a r i a b l y tha r u l o , g r eater -esi-cu nta 
o f .riosalv* p y r i t e have net boon observed. 

Shsre i s i n d i c a t i o n t h a t li i s e a t c f c e , tffcleh i s a 
frequent eadlnantary a s s o c i a t e o f &r&illito» hay served a 
host rock amenable to replacement, O a l c i t e i s abundant aa an 
acc e s s o r y gangue mi n e r a l i n tha maasiva sulphide of D.D.H. ^57. 
However* the c a l c i t a nay vary w e l l bs an intro d u c e d gan^u^ r a t h e r 
t h a u being r e s i d u a l s o f o r i g i n a l limestone* hamstona a s «uch 
has not bsen observed anywhere i n a s s o c i a t i o n w i t h t h a massive 
p y r i t e . 

To suisnariza - the known ore deposit a of economic 
i n t e r e s t oceur aa replacements of shdar aonas which a r c cpmsonly 
l o c a l i s e d a l o n g argillit© h o r i s o n a . Although s e r i e l t a s c h i s t s 
and •associated 'diese&inatad p y r i t e e r a developed i n a l l r o c k 
typsa,* the ore boaiaa sra- r e a t r i o ted i n occurrence to competent? 
^ u a r t a l t i c ros&s. " g r a n i t e " g n e i s s has been observed near the 
p y r i t e bcale-a, and i t s^ama t h a t t t e r e l a t i o n s h i p cannot; be 
S o r e l y f o ' r t u i t o u a . U n d u l a t i o n s and drag f o l d a e r e important? 
i n l o c a l i s i n g and determining t h e saapa o f the or&bodisa. 
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T h i r d Outcro-p 

Tha outcrops o f rca s a l v e p y r i t e 'rafarred t o aa the 
a3*& outcrop" occur on tha ataep s l o p e about 12Q' e a s t o f 
Red Gulch Credc 2500* north o f the n o r t h lane p y r i t e body. 
S e v e r a l out3:0 pa o f rsaaaive p y r l t e from 3* to 7* wide occur 
a l o n g a l e n g t h o f 110* on t h a s u r f a c e * The d e p o s i t i a a 
replacement o f a ehear sone v h i e h i a i n t u r n l o c a l i z e d near 
t h a f o o t b a l l o f aa a r g i l l i t e h o r i z o n 12p0» a t r a t i a r a p h i o a l l y 
e a s t o f the n o r t h and south shear a* 

The p y r i t e body t h i n e out t o the n o r t h . 'The shear 
sone, however, continue a and can be t r a c e d t o trie t o p o f Hod 
Gulch r i d g e , ffidths up t o 3 i n c h e s o f a»aaive p y r i t e o c c u r 
a l o n g t h a shear sone «t t h e p o i n t share the shear c r o s s e s 
Had Gulch oreeje. Overburden obscures t h a southward c o n t i n u 
a t i o n o f th© p y r i t e l e a s * 

A p l a n and v e r t i c a l aeetlona of tha 3rd outoxop o r e 
shown I n sSp ̂ 4 snd F i g u r e s 5-3* 

c 
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Hanna..Creek 
p a s s i v e s u l p h i d e d e p o s i t s ware found i n t h a upper 

reaches o f Banna Creek* The da p o a i t a a r e l o c a t e d on tha v e s t 
s i d e o f Hama Greek about 600* about the n a i a v a l l e y f l o o r 
end a l o n g s i d e on i n t e r m i t t e n t atrsass 3hio& f l o w s i n | o Hanne 
Creese a t 1300* o l * T h i s p o s i t i o n i a approximately a n i l e , 
fronj t h e ha ad o f Hanna v a l l e y (see 23ap fl)» -The d a p o s i t occurs 
a-J a p o s i t l o a corresponding -.tith one o f y r i z z a l l * 3 photographs 
and i s b e l i e v e d t o be the d e p o s i t r e p o r t e d by D* ffrlasell, 
P r i n c e R u p e r t t B* G* t o occur i a t h a a r e a * 2 i v s o f the photo
graphs o b t a i n e d frees P r U r e a l ! i?sre p o s i t i v e l y I d e n t i f i e d aa 
be i n g t a k e n i a Hanna v a l l e y * 

*2he s u l p h i d e dapoaita occur aa f o u r s e p a r a t e l e n t i c u l a r 
b odies a l o n g a h o r i z o n o f a r g i l l a c e o u s q u a r t z i t e and are r e p l a c e 
neat a o f t h i s bed. U n l i k e tha d e p o s i t o f Hod Gulc h Crack, these 
b o d i e s do n o t occur along shear zones* £Jo shears 9 f a u l t a, o r 
f i s s u r e s a r e present a l o n g tha h o r i z o n * 

rfhe l a r g e s t body l a 40 f e e t l o n g , has a nssclxasi t r u e 
y i d t h o f 3 f e e t a t i t s a i d p o r t i o n , pinches c u t along s t r i k e 
at both ends* and i a exposed a l o n g a d i p elope (55 J d i s t a n c e 
f r o a 10 t o 13 f e e t * Three o t h e r l e n t i c u l a r b o d i e s occur a l o n g 
s t r i k e o f the quart s i t e h o r i z o n above tha l a r g e s t I o n s , Thay 
ar e 10 f e e t o r l e s s i n l e n g t h and have a t r u e * r l d t h o f 1 f o o t 
or l o s s * ' The f o u r bodies are oarcoaed a l o n g a s l o p e d i s t a n c e 
o f 200 f e a t . See ffig. 10. 

'the l e n t i c u l a r bodies a r c s u l p h i d e replacements o f t h a 
g a s r t s i t e s sad g e n e r a l l y t a a s u l p h i d e s form about 20-30;» o f 
th e rook but I r r e g u l a r p l u s s o f p a s s i v e s u l p h i d e occur* 
r y r r h o t i t e i s t h a dominant z s i n e r a l * S p h a l e r i t e and e h a l c o -
p y r i t e o r e l o c a l l y abundant* 

A c h i p sample o f tha l a r g e s t body a a say ad aa f o l l o w s 
Sample 71 i - An* - T r * . Ag* - 0*2 0 2 *» Fb* - Tr*» 2a* - 0*6%, 
c u * " - 0*5%9 ? e . - 33*6>* S - 23*4£. 

Overburden con s e a l s the d i n a r s U s e d h o r i z o n oast o f 
the s u l p h i d e outcrops t o Hanna V o l l e y $00» balo??* Tha sa&e 
h o r i z o n extends t o the west end occ u r s near the t o p o f sheer 
b l u f f a* T h i a a r e a i s not a c c e s s i b l e * Sulphide f l o a t tzas ob
served I n a ers«Sc belo« thase b l u f f s . i n d i c a t i n g t h a t o t h e r 
l e n s e s o f s u l p h i d e nay be pre s e n t * The saaie h o r i s o n v:s3 i n v e s t ! 
gated 1000* h i g h e r i n e l e v a t i o n above the s u l f i d e shoving* 
but no m i n e r a l i s a t i o n r a s found, 

ISost o f the rooks i n t h a Hanna Creek a r e a o r e g r a n i t e s 
u i t h t h a e x c e p t i o n o f a c n i a r t z i t o cedga ap p r o x i m a t e l y 1000* 
wide i n the upper reaches o f t h e v a l l e y end i n v h i c h the s u l 
p h i d e s o c c u r . ~T-ha w r i t e r f e e l s t h a t the f a v o u r a b l e a r e a (non 
£renitb») has been adequately prospected and t h a t no n a j o r de-* 
p o s i t i n the a r e a has been overlooked* 
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32s* l a r g e g r a n i t i c &&3ses o f tha area beoorae mors 
g n a i e a i c upon approaching t h a aedirsentary c o n t a c t * A zona o f 
t h a g n e i s s a p p r o s i i s s t a l y 2000* s i d a c o n t a i n s p y r i t e as on 
a c c e s s o r y m i n e r a l i n aisounta g e n e r a l l y l o s s than I j , Xbo 
l o c a t i o n o f tha diassasittated p y r i t a r e p o r t e d by B u l l - 193-» 
i n d i c a t e hs observed a p o r t i o n o f t h i s & n e l a s i c g r a n i t e * Tea 
p y r i t a m i n e r a l i s a t i o n i s not o f ocononio i n t e r e s t * 

I n v i e * o f the peak e^d e r r a t i c rsinera l i g a t i o n aa ^ e l l 
£e the diBcouraging aaeaya the d e p o s i t does not appear t e be 
p r o i d e i n g * 

Cue c l a i n , t h e e B i l l y Goat 1* IJLnarsl Ola i n , ?*as s t a k e d 
i n t h i s area sad recorded a t p r i n c e Rupert, - B. 0* 33©* 1 poet 
i s l o c a t e d 400* south o f the I n t e r m i t t e n t stream l a v h i c h the 
d e p o s i t s occur at 1400* ol« cn the treat S I O T - O * The l o c a t i o n 
l i n e bears 3 12° 5 and 1500* o f the e l s i a l i e t o the neat o f 
tha l o c a t i o n l i r e * 33ac c l a i r x covers ssost o f the a r e a & i v c u r a b l * 
to f u r t h e r s u l p h i d e occurrences* 



1 1 

Johnson Lais© Area' 

S e v e r a l s ^ l l a t r i n - s a r s o f 22s s a l v e py?i'5o up t o 
6 f t * l o n g sad 4 Miches n i d s ~£era observed In arglilacesfctS 
quart s i t ©a a t 700* e l * a l o n g s i d e a ora^k s/aioh d r a i n s i n t o 
Johnson Lose f r o a t h a acuta, {see l i i p 1 ) * Tbsse s t r i n g e r s 
a r e not o f ocoaoiais i n t e r e s t * There o r e no i n d i c a t i o n s t o 
eu^goat l a r g e r d e p o s i t s &oy ba found i n t h i s . l o c a l i t y * 

S e v e r a l pcrcesit o f p y r i t e occur as d i s s e m i n a t i o n s 
In a bsd o f n e s ^ i v c q u a r t z i t a a c r o s s a -^Mta o f 20* a lea s a Ida 
on a r ^ l l i i t a hp rises* I n tha and o f -Johnson Lake fsoa i&p 1 ) * 
The a r ^ i l l i t s a t t h i s p o s i t i o n i a sheared and i n t r u d e d by a 
50* s i l l o f hornblende s y a i a l t s * j&t&o*tgh tha d l a s ^ a i n a t a d 
v y r i i a i a not o f soonojaia i n t e r e s t , scr/aral days* p r o s p s o t i n s 
Sloa-g tha sboap northisard e x t e n s l & i o f the a r s i l l i t a h o r i z o n 
vio -/ bo warrant ad* ¥hia a r o a s lK,r^r/er 9 i a l a r g o l y obscurou by 
overburden* 

Xso s r s s l l s t r i n g e r s o f iTsaasi^s p y r i t e and p y r r h o t i t a 
4 a E-md ti i d a i?ers observed i n the hot t e a o f E l u i n e Greek 
i a c h l o r i t e s c h i s t s e t 1400' e l * rfhe f o i n s are p a r a l l e l t o 
th a s c h i s t o s i t y o f tha r^oks and appa&r t o bo T o r y l o c a l i n 
©stent* 

M i n e r a l i s a t i o n c o n s ! s l i n g o f £0% p y r r h o t i t a and joiner 
a s s o c i a t e d c h a l e o p y r i t a a c r o s s s s v a r a l i nches ^as observed 
i n t h a shear sous"' o f i-hooba end E l a i n e Creeks. T h i s shear 
2ona 9 o c a i a i a t i n g o f h i g h l y f o l i a t e d c h l o r i t e s c h i s t , i s 
c o r r a l u t e d «ith the ouinnorton c r a c k s } s a r *?hera sainor aiaounts 
o f e 0-1*233 disscsdaat^jd p y r i t e o c c u r * 

D i S B f&ainated p y r i t e i s s-scunta g e n e r a l l y bot-soon 1-2 i 
i s i n v a r i a b l y pro^ors i n oach sons o f f i s s i l e , s o r i e i t o . i c n i o t * 
G r s m .na r i p o a i t a {a c h r o n i c a n i c a ) i s a froqusnt -paaociata* 

l E n o r amounts o f disasi&tnatoa p y r i t a a r e a l s o i n v a r i a b l y 
T>ros;*nS i n t h a c r g i l l i t e f o r m a t i o n s o f tha e r ^ a , -Ino p y r i t e 
l a r e s p o n s i b l e f a r the r u s t y sup-oar ones o f tha a r s i l l i t s s on t h e 
ssoathsred rmrfsoa* 

^he d i s s a a l n a t e d p y r i t e i s not o f sconced o- i n t e r e s t * 
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L l a o n l t e . " B o l l s * 
S e r a r a l l l i s o n i t e b o l l s wars r e p o r t e d on t b a a a s t and 

p l a t e a u . Examination o f the areas r o y s a l s d t h i n s u p e r f i c i a l 
aecuaula t i o n s o f boggy l i r a o a i t a i n l o c a l d e p rsssiona* ? h l a l i ^ o n -
i t s i a d e r i v e d by f e a t h e r i n g of tha nearby r o c k s such aa a r g i l l i t e 
or g r - a n i t i c s c o n t a i n i n g disseminated p y r l t e f migration,..oxidation, 
end eacumulation i a a r a s a oS sooettbat r e s t r i c t e d d r a i n s go. 

They er e not gpaaans o f u n d e r l y i n g wasaive s u l p h i d e 
b o d i e s nor i n d i c a t i o n s o f nearby s u l p h i d e bodies* 

Quarts Vain a 
Sssall a u a r t ? v e i n s are numerous i n the area, but a r e 

e s s e n t i a l l y b s r r e n o f v i s i b l e m i n e r a l i s a t i o n * A l a r g e ^ a r t a v a i n 
up t o 10* wide and £00* l o n g occurs i n ^dd^ay Creak a t 500? - 3 l * 
The c h a r t s c o n t a i n s minor aa cunts o f f i n e l y d i s s e & l n a t e d 
and a t r a c e o f e h a l c o p y r i t e * A grab sample shoving s t r o n g e s t n i n e r -
o l i s a t i o n (Sample 50?) sbowa o n l y a t r a e a o f Au* 
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; I h i 3 s e c t i o n 5.3 devoted t o areeoEaaanaationa f o r f u t u r e 
c o r k i a tha sea rob o f na* or©bodies aa baaed upon tha w r i t e r * s 
o b s e r v a t i o n s of tbe geology o f t h e a r e a and e v a l u a t i o n o f o r o con
t r o l s , 

1 0 ^ p l o r a t j o n o f ar^ae South j o f campsite 
an a r s a o u t l i n e d i n F i g . 11 apprcettoately 1000* wide 

and extending a c r o s s the 2 c s t a l l RIvar i s considered ssost r, or t h y 
o f f u r t h e r verrpi e r s t i o n * ' f n i s area i s obscured by overburden o f an 
unknown depth and bancs e x p l a n a t i o n s o u l d have t o be r a s t r i a t e d t o 
diamond c r i l l i n s o r a combination o f diamond d r i l l i n g and gsop8ays-» 
i c a l a-or>* 

The coapatent f o r m a t i o n o f a u a r t z i t e s and a s s o c i a t e d 
r o o k s , a a v a i l aa the " g r a n i t e " rrneiss ore kno^n t o extend 83 f a r 
sauth S3 D#D*U» 5 end 6* ,:">3 importance o f tho rocxa has 
bean d i s c u s s e d under t h a s e c t i o n d e a l i n g **ith o re c o n t r o l s * iin 
s r & i l l i t a h o r i z o n c o r r a l s tad w i t h tha a r s i l l l t e bad a s s o c i a t e d 
Tfita the a outs l e n s i a a l s o obaarved i n these d r i l l h a l e s . Zanea 
o f s e r i a l t i e s c h i s t occur naarby tho a r g i l l i t a h o r i z o n and e r e 
b e l i e v e d t o be s o u t h e r l y c o n t i n u a t i o n s of the south Iocs ab^ar* 
The sons a o f s e r i c i t e a o a i s t c r e f however. nuch n a r r a v e r , b e i n g 
o n l y a o v a r a l f e a t s i d e and i t appears t h a t t h e south ?5hoar ^eakaas 
t o the ao~;ta« '7aa au l p h i d a M i n o r s l i s a t i o n i a a l s o y s a k e r with &rt 

o f p y r r h o t i t e and 2" o f p y r i t e o c c u r r i n g i n D.s.iU 6* 

Han e v e r , I t i s brought t o a t t e n t i o n t h a t a v a r y s t r o n g 
shear &ane ( A l l a l r s "raak ahaar) o c c u r s on she p l a t e a n south o f t h a 
W e s t e l l r i v e r * ^isa l o c a t i o n , s t r i k e * no s e l l a s lineetaenta observed 
i n a t r i a l photographs, i n d i c a t e t h a t the shear i n s t r i l c i n g f o r Had 
Gulch creek* I t i s * of course, not p o s s i b l e t o s t a t e d a f i n i t e l y 
t hat the A l l a i r e Greek shear i s a c o n t i n u a t i o n o f the shears observed 
i n Hoc Gulch oresk; nor can i t be p o s i t i v e l y c o r r e l a t e d w i t h e i t h e r 
o f tho t h r e e shears o c c u r r i n g I n the southern area of P.ed Gulch 
Crook* Thus i t nay ba t h a t t h a A l l a i r e Craek shear i s c o r r e l a t e d 
v i t h the shear ^one o c c u r r i n g 150* e a s t o f Had Gulch and i n which 
the 3? o u t e r op o f s a s s i v e p y r i t e o c c u r s * I t do-as seen l i v e l y , b a r -
o v e r 9 i n view o f the extent o f t h a shear on tha p l a t e a u , t h a t 
the zones o f sh e a r i n g - s i l l i n c r e a s e I n width a p r o g r e s s i n g s o u t h o f 
th a campsite* 

X p o i n t to be borne i n mind i s th a t a form a t i o n o f 
q u a r t s i t e a c o r r a i a t o d 'tfith tha ."iina formation '^aa observed i n 
i i i i ' t a e n Creek about 1000' west o f the A l l a i r e Greek shear. ^ h e r a 
thus apaaars t o be a departure o f t a i n o mpstent h o r i z o n frora t h a 
shear £ona progressing t o t h e south i f tha A l l a i r e Creak shear i s 
the s a a t b a v l y c o n t i n u a t i o n o f t h a Hod Gulch ahaara. The caapetont 
r o c k s appear to have an important r o l e i a ore c o n t r o l s , and th e raser a t 

i t saay he t h a t tha p o s s i b i l i t y o f r i n d i n g o r e becomes -acre and i^aro 





retsote p r o g r e s s i n g southward because o f tha departure o t tha 
ah ear and competent h o r i z o n * A 3 csentloned beforehand, t h a 
A l l a i r e Creek shear posses through Incompetent c h l o r i t e s c h i s t s 
-.ihiah appear unfaTourabla t o zaaaaiya p y r i t e l o c a l i z a t i o n * 

S e v e r a l 3-* did 11 h o l e s i n the area south o f Had Gulch 
Crack and i n tha v i c i n i t y o f tha E c s t a l l R i v e r are rseessaended 
(See 2?ig* I I } * t h o s e d r i l l h o l e s "souId y i e l d v a l u a b l e i n f o r m a t i o n 
r e g a r d i n g the s t r u c t u r e beneath tha overburden o f xha E c s t a l l 
H i v e r v a l l e y a s ^ a l l aa i n d i c a t e f u r t h e r courses o f e x p l o r a t i o n 
t o f o l i o s * 

S e v e r a l d r i l l h o l e 3 d r i l l e d eastward i n the earjpaite 
area ( s o u t h o f D*Z>*H* Number' 3) t o i n t e r a e o t the. shear zona appearing 
on the east s l o p e o f Had Gulch creek (the shear c o n t a i n i n g t h e 
5» out020p o f i s a s s i v e p y r i t e ) are a l s o reootmendsd* 

The ©artest o f the s o u t h e r l y c o n t i n u a t i o n o f t h a Hod 
B l u f f shear i s not knora. The shear observed a t 600* e l * I n 
T h i r t e e n Crock say be c o r r e l a t e d w i t h the :-ed B l u f f shear* I f 
such i a t h a case* than the p o s s i b i l i t y o f f i n d i n g e r a alo n g the 
Had E l u f f ah ear seeass r e a c t e aa the shear ^ould c o n t i n u e a l o n g 
soxaeshet s i l t ? q u a r t z c h l o r i t e s c h i s t s * 

2. .Exploration of Area l-K>rta o f n o r t h Lens. 
i\ny e x p l o r a t i o n Bork along t h a northward e x t e n s i o n 

o f the Had Gulch shear should be preceded by a program o f - d e t a i l e d 
g e o l o g i c a l s a p p i n g o f the area a l o n g and west o f Had Gulch Creek* 

I t has not proved p o s s i b l e t o c o r r e l a t e any o f tha rook 
u n i t s outcropping In the creek c u t s on tha b a s i s o f 300* to the 
i n c h xsapplng*. .Happing by nlaae t a b l e supplemented by c h a i n and 
compass i n iless~ s e c e s s i b l f g y B l ? ^ s e a l a o f 30* t o tha Inch .la 
reoomended* p a r t i c u l a r a t t e n t i o n should be p a i d t o l l t h o l o g i o 
u n i t s i n a d d i t i o n t o s t r u c t u r a l a t t i t u d e s . I t has been shovn 
that u n d u l a t i o n s o f the sedisaents are important underground i n 
l o c a l i s a t i o n o f t h a o r e * By a course o f d e t a i l e d s a p p i n g , i t 
should prove p o s s i b l e t o d e t e c t any such u n d u l a t i o n 3 t h a t nay be 
pr e s e n t and t h u s narrow the t a r g e t f o r ore oc c u r r e n c e s * 

The Had Gul c h shear sons i n the v i c i n i t y o f t h e p*d 
outcrop "granite** g n e i s s seesns p a r t i c u l a r l y f a v o u r a b l e f o r f u r t h e r 
e x p l o r a t i o n , aa i t l a f e l t t h a t t h a nearby presence o f "g r a n i t e 1 " 
g n e i s s i s on important ore c o n t r o l * D e t a i l e d c apping r a y i n d i c a t e 
t a r g e t s f a r diamond d r i l l i n g * 
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3« p r i l l i n g o f 3? a nOutcro;a 
That X-Bay d r i l l i n g prograa o f the t h i r d outcrop baa 

i n d i oat ad a number of l e n t i c u l a r p y r i t e replacement bodies 
o c c u r r i n g along a zone o f s e r i c i t e a a h i a t * Tha lowest i n t e r ¬
s e c t i o n o f S B s a l v e s u l p h l d o i s about 13Q* belov tha s u r f a c e o u t 
c r o p o f t h e p y r i t e l a n e * :?.he 3*d outcrop thua at i l l r e g a i n a a 
p r o s p e c t * 

t h e shear zone can be t r a c e d f o r a c o n s i d e r a b l e d i s t a n c e 
t o t h e north aa s e l l aa t o t h e a c u t a * X t can be t h e r e f o r e i n 
f e r r e d t h a t the sheer zone v * i i l oontinue f o r a c o n s i d e r a b l e 
d i s t a n c e i n depth. 

I t v o u l d aeeaa a d v i s a b l e t o e x p l o r e tha a i n e r a l i a e d sons 
a t depth i t i t h l o n g diaaiond d r i l l h o l e s * The- area s s f a r n o r t h as 
t h e p o s i t i o n where t h a 3 ?d o u t c r o p shear sons cr o s s e s Sad Caleh 
Creak should be i n v e s t i g a t e d s s s e v e r a l inches o f laaaslra p y r i t e 
have been observed w i t h i n t h e shear i n t h i s . a r e a * 

4* Prospect irigj 
The area acnth o f Balan Creek baa not been sxasiined* 

The' sedimentary eossplex as w e l l o s shear zones extend i n t h i s 
d i r e c t i o n * ^he area thua seeas worthy o f prospaesing* . I n t h i s 
c o nnection t h e ore c o n t r o l s mention ad above should be kept i n 
mind* 

t o 
aha sadisseata a l s o extent! north/tockaby Greek* the 

shear zones appear t o weaken i n t h i s d i r e c t i o n * Hcwerer*. 
p r o s p e c t i n g o f t h i s ar&a a l s o sesna a d v i s a b l y * 

He spec t f u l l y subiaitted 

Holyk,' Hs-D* 
Ho?eaber, 195£• 
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n o a o r l a t l o a o f Hock .Targe* 

S e d i a e n t a r y Rocks 
C h l o r i t e o e h l a t a 

Tha r o c k , t o p i c a l l y expceed on tha aa s t e r n s l o p e o f ned 
Gulch Creek, i s dark green i n c o l o u r , f i n e g r a i n e d , s c h i s t o s e , 
and c o n s i s t s e a s e n t i a l l y o f c h l o r i t e * 

Hornblende o r b l o t i t e say be present i n v a r y i n g amount a 
depending upon the degree o f aotaserphlsut* h'ov purpose a o f 
d e t a i l e d mapping the r o c k can be d i s t i n g u i s h e d by p r e f i x i n g tha 
a p p r o p r i a t e a c c e s s o r y m i n e r a l naise t o the c h l o r i t e ' e c h l a t a — 
e*g* hornblende c h l o r i t e s e h i a t , b l o t l t e c h l o r i t e s c o l a t a , e t c * 

Because o f l o c a l y a i a t l o n a o f accessory m i n e r a l content 
i t ha a n o t g s n e r a l l y proved p o s s i b l e t o &aka these d i s t i n c t ! one 
i n r e g i o n a l mapping* 

T h i n beds o f grey q u a g t z l t e up t o saver e l f o e t i n t h i c k -
neaa o r e o c c a s i o n a l l y p r e s e n t * 

^^•_C,03!!Q€^13 g f f i - Q g ^ e .aQhiat* 
T h i a r o c k reaesibles the above, but c o n t a i n s v a r i a b l e amount a 

o f c a l o i t e , r e a d i l y d e t e c t a b l e f r i t h dilate h y d r o c h l o r i c a c i d * 
Tne c e l c l t a v a r i e s from f i n e t o s a d i u a g r a i n e d and i a i n t i n s a t e l y 
a s s o c i a t e d Tilth t h e c h l o r i t e * L o c a l l y the e a l e i t e i a s u f f i c i e n t l y 
abundant t o warrant the t e n s e h l o r i t i o l i s e a t o n e s c h i s t * -This 
c a l c l t e i a b e l i e v e d t o be primary* 

G a l o l t e a l s o occurs 33 f i l l i n g s o f nuoeroue t i n y j o i n t s 
o r i a s e r o a a l n g t h e c h l o r i t e s c h i s t and i s hence secondary* I t 
i s b e l i e v e d , however, t o be g e n e r a l l y fonsed by s o l u t i o n and 
r e d e p o a i t i s n o f the p r t a a r y e a l e i t e a l o n g openings* 
C h a r t s c h l o r i t e a c a l a t a * 

T h i s r e e k , t y p i c a l l y exposed i n T h i r t e e n Greek a t 5 0 0 -
7p0* e l * 9 i n f i n e t o medlua g r a i n e d , c o l o u r e d green o f v a r y i n g 
i n t e n s i t y , end c o n s i s t a e s s e n t i a l l y o f q u a r t s and c h l o r i t e * 
Hornblende end u i o a a r e frequent a s s o c i a t e d * 

The r o c k v a r i e s i n t e x t u r e f r o a s i l t y to a roore n e s s i v e 
q u a r t 2 i t i o - l i k e form* 

The r o c k i s green i n c o l o u r , f i n e t o mediua g r a i n e d , 
c o n s i s t 3 e s s e n t i a l l y o f q u a r t z end c h l o r i t e , and hoe a g n e i s a i c 
t e x t u r e * Hornblende o r b l o t l t e ;noy bo l o c a l l y abundant* I t i s 
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t y p i c a l l y exposed i n tha e a s t e r n underground workinga aa ?*ell 
0 3 on the oast s l o p e o f the lower reaches o f t h i r t e e n creek. The 
r o c k d i f f e r s f r o a the s c h i s t i n t h a t tha r o c k free&urea a c r o s s 
the f o l i a t i o n r a t h e r than being e n t i r e l y r e s t r i c t e d t o p l a n e s 
o f s c h i s t o s i t y . 

T h i n beds o f quart z i t e a r e o c c a s i o n a l l y p r e s e n t i n t h e 
r o c k b e t r a y i n g i t s sedimentary o r i g i n . 
C u e r t z l t e a ^ 

S evere! t y p e s o f quart z i t e * v a r y i n g i n t e x t n r e occur i a 
t h i s a r e a . 

The t h i n q n a r t z i t e be da o f Had Gulch Creek a r e s a l v e , 
xt-eaium t o l i g h t grey i n c o l o u r , and a p h e n i t i o t o f i n e g r a i n e d . 
The r o c k ha a sooevhat o f a f e l d a p a t h i e o r t u f f a c e o u a appearance. 
K s a & i n a t l o a o f a t h i s s e c t i o n o f a q u a r t a i t e bed undar^round 
shows the r e c k to c o n s i s t e a s e n t i a l l y o f i s i o r o c r y a t a l X l n e t o 
f i n e g r a i n e d , c l e a r , r e c r y s t a l l i s e d • q u a r t s . The c h a r t s f e r a e 
about 201* o f t h e r o c k . S e r i c i t e i a t h e c h i e f a c c e s s o r y s i n e r a ! 
o r i e n t e d p a r a l l e l t o the s c h i s t o s i t y . 1̂1 nor amounts o f e p i d o t e , 
seise carbonate* and p y r i t e a r e a s s o c i a t e d . 

S e v e r a l i n c h e s o f b l a c k a r g i l l i t a were observed i n one 
o f the q u a r t s i t e bads on T h i r t e e n Greek {nine formation) a t t e s t i n g 
t o i t s sedimentary o r i g i n * 

23a s a l v e q u a r t z i t a a absent o f any evidence o f s c h i a t o a i t y 
a r e £esarell? r a r e , . b e i n g f c u n i o h l e f l y near tha top o f t h e 
jaountaine south o f Johnson l a k e * The r e c k here c o n s i s t s ©seen-
t i a l l y o f a p h a n i t i c q u a r t s * G e n e r a l l y speaking, the massive 
q u a r t z i t e e he-re a c e r t a i n amount o f s c h i a t o a i t y developed w i t h 
D i c e s or c h l o r i t e s e c u r i n g a l o n g the f o l i a t i o n * Gamete, eh l o r i -
t o i d , and k y a n i t e have been observed i n t h a q u a r t z i t i o a c h l e t a 
I n Johnson Lake* 

Thin bedded q u a r t z i t e a , c o n s i s t i n g o f a l t e r n a t i n g l i g h t 
and d a r k e r beds of n e s s i v e q u a r t z i t e a a r e t y p i c a l l y exposed on 
the o a s t p l a t e a u and i n Garnet Creek* Tha i n d i v i d u a l beds s e l d o a 
exaeed s e v e r a l inirhea i n t h i c k n e s s * T n i n beds o f a r g i l l i t e o r 
l i i a e a t o a e up to s e v e r a l i n c h e s t h i c k say be a s s o c i a t e d l o c a l l y * 

.l?ooka r e f e r r e d t o aa "grsyaeokea* occur near the g r a n i t e 
' contact o f the Johnson Lake a r e a . These rocks c o n s i s t o f f i n e 
t o sodium g r a i n e d quart a and b l o t l t e i n approximately e q u a l oaouata 
The rock has a t e x t u r e e o m o n l y r e f e r r e d t o as t h e «salt end 
pepper" t y r o and posses a v a r i a b l e degree o f s c h i s t o s i t y * 
A r ^ i l l i t a 

The e r g i l l i t e i a a hinck f l dense, a p h a n i t i o r o c k , o o c e s i o n a l l 
h a v i n g a prominent cleavage developed, i n s/hich e&sa i t iasy be 
termed a s l a t e * The rock i s o f t e n h i g h l y sheered* B i s a e n i n a t e d 
p y r l t e i n siinor amount a i s i n v a r i a b l y present and i a r e s p o n s i b l e 
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f o r the t y p i c a l r u s t y b r o r a c o l o u r of tha weathered s u r f a c e , 
A bad o f o r g i l l I t a observed on Garnet creek c e n t a l ned 

n i n u t e a l l l p t i c a l porphyrobla e t a o f b l o t l t e end ha a been c a l l e d 
a b l o t i t i e a r g i l l i t e a e h i a t * 
L i ise atone 

.bine^tonea i n the araa v a r y i n t e x t u r e oa : i a l l a s i n 
colour** 

Hi a lisaestonea on A l l a i r e Hi&ge are coarse-grained 9 n^aaaive, 
and c o n s i s t e n t i r e l y o f i n t i m a t e l y i n t e r l o c k e d e a l c i t a c r y s t a l s 
up t o 4 i n c h In s i s a * 

Ltoeatcnee i n o t h e r areas a r e p a s s i v e , c r y s t a l l i n e and 
grey i n c o l o u r * Other Unseat one a a r e t h i n l y banded and c o n s i s t 
o f a l t e r n a t i n g bends o f grey c a l o i t e and g r e e n i s h c h l o r i t e r i c h 
bands* 

c h l o r i t e i a a l a o comon i n so?.ie o f t h e zaesaive l i a e a t o a a a * 
A c r s l c i t e e n r i c h e d f o r m a t i o n ©standing a l o n g t h e eaat 

slope o f Had Gulch OraeSc haa been r e f e r r e d t o aa en erenacaoue 
l i m e s t o n e , S h i a r o c k has a t y p i c a l p a l e brown c o l o u r on tha 
weathered s u r f a c e * Tha roc k has a high carbonate content i n 
a d d i t i o n t o arenaceous, c h l o r i t i e , end a r g i l l a c e o u s 12a te r i a l * 
T h i s formation t h i n l y laminated aa a r u l e , 
/ n h ^ n r i t a (?) 

A bed, eone 150* t h i c k - observed i n Helen Oracle, i a 
v e r y f i n e g r a i n e d , naaa&tre, l i g h t groy i n c o l o u r , and u e a t h e r a 
t o a l i g h t r a a t y b r c r a c o l o u r * The rock showed no r e a c t i o n tsith 
concentrated h y d r o c h l o r i c a c i d , end i a b e l i e v e d t o be a n h y d r i t e * 
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A^.:;r>ix 3 

Isnaoua Socks 
-; u a r t a jdj£r|ta^ 

G r a n i t i c r o c k s o f the tsain c o a s t range b a t h o l i t h oocun&ng 
t o the e a s t a sd a a a t o f the sediiaeatary coaplax a r e b e l i e v e d t o 
ha q u a r t s d i o r l t e composition, t h e r o c k c c n a l s t a o f approx
i m a t e l y e q u a l amounts o f quartz and r j a f i a s d n e r e l e . The Ei a f i e s 
e r a e i t h e r hornblende, or b i o t i t e , o r both . The r e c k i a n e d l u a 
t o coarse g r a i n e d , has a g r a n i t i c t e x t n r e , end g e n e r a l l y becoaea 
:_ore g n e i s a i c towards the sedi n e n t a r y c o n t a c t , The contact o f 
the g r a n i t i c a s r i t h the sediments r ^ y be sharp but l a g e n e r a l l y 
g r a d a t i o n a l * 

On A l l a i r e l i i d g a i a r ^ a b l o c k s c f l l s e a t o n e * end s i l t y 
q u a r t s c h l o r i t e s c h i s t s are engulfed i n the g r a n i t i c ssateea. 

A e&aple o f g r a n i t i c rock frost t h e Johnson I 3 k s a r e a van 
examined p e t r o g r a p h i ^ r t l y by M a s Daane, Yaxaa G u l f Sulphur, H.f •, 
and her r e p o r t i a a s f o l l o w a: 

BUEo» 4. H o r n b l e n d e — b l o t l t e q u a r t z — m n s o n i t e =?aei3a. 

Mediuia-gxained r o c k shelving ̂ ood p a r a l l e l 
e l o a ^ a ^ i o a o f i t s ferro&egaeelan s & n e r a l s . 

c i a r t a c o n s s i t u t o a about 25^ o f r o c k ; 
o r t h o c l a s e about 2o£s p l a g l o e l a s e 10>; 
b l o t i t a , h o m b l e n d e , and e p i d o t e about 40f>. 
£here i a a l s o seme a^foene, a p a t i t e and 
s e r i c i t e . 

H y m e k i t i o s t r u c t u r e i a conspicuous ca 
the edges of some o f the o r t h o c l o s e c r y s t a l 3 
svhica i t i a r e p l a c i n g . *2he o r t h o c l a s e i a o n l y 
s l i g h t l y a l t e r e d a s evidenced by i t s f a i n t l y 
d u s t y appearance. The p l a g i o c l a a o I s o f a 
&ediua v a r i e t y , p robably o l i g o e l a s a . I t i a 
corroded, though s t i l l c l e a r . 

Ch* t h r e e i s a f i e s i n e r e i s e r e p r e s e n t i n 
about equal p r o p o r t i o n * • 2he hornblende i 3 
r e p l a c e d i n p a r t by the b i o t l i e end o p i d o t e . 

There ere no r e l i c k igneous s t r u c t u r e s t o 
be seen, the rook, h a v i n g a f a i r l y unifoana 
g r a i n s i z e . However, the presence o f sphene, 
myrtseklte, a f a i r amount o f f e l d s p a r , would 
i n d i c a t e on lgneoua o r i g i n f o r t h e r o c k . u 

" G r a n i t e * c n e i a a 
I h i a t e r a i has been a p p l i e d t o t-so gsaaaea o f q u a r t s b l o t l t e 

g n s i o a s h i c h a r e exposed al o n g tied C u l c h Creek. The i n t r u s i v e 
o r i g i n o f t h a r o c k i a c o n t r o v e r s i a l . 

The r o c k baa a g r e n i t l o g n e i a s l e t e x t u r e c o n t a i n i n g approx
i m a t e l y e q u a l amounts o f quarts and mafio n i n e r a X a o f which b i o t i t e 
l a the dominant m i n e r a l . The rook i s icediina g r o i n e d , and ha a a 
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l i g h t , groenisb-brosn c o l o u r , C h l o r i t e i a i n v a r i a b l y preaaat ' 
I n a i n o r e q u a t e , ^ha rook i a r e a d i l y r e cognised i n dia&ona 
d r i l l c o r e s by it-a t y p i c a l rattled t e x t u r e . 

'^hrae sesiplaa o f t h a ̂ r ^ n l S a g n e l s a have been examined 
p o t r o g r e p b i e a l l y by SSiaa Deane. Her r e p o r t i a quoted h a l o * : 

1 * (roeiga jgroajD»g « § v (r/j nug^gr^ 
"^adlna-sraiaad. c h l o r i t e b i o t i t e g r a n i t e gnaiaa• 
The Aground saao* ha a f a i r l y u n l f o r z a - a l z e a quart a 
g r a i n s . I n t h i a a r e ©sibedded F l a a e r - l i k e s t r u c 
t u r e s ocapoaad of s u t u r e d q u a r t s and o f l a r g e r 
g r s i n 3i£e» quarts e.cnatltutaa about 6 3 i o f the 
rock* 

B l o t i t a p c h l o r i t e end hornblende csike up 
another There a r e a l s o aosse sisal 1 c h l o r i i o i d 
c r y s t a l s * Tarn above f o u r minar&ia a r e elongated 
i n a d i r e c t i o n p a r a l l e l t o o&ch o t h e r . 

O s m a t s p y r l t e , and a p a t i t e a r e the a c c e s s o r ! ea. 
.They e r a corroded and found sea Stared through the 
al l e l e a t render. 

:*e&e e e l e l t o i a p r e s e n t . An a l t e r i n g p l a g i o c l a e e 
o f aediira. composition i a found i n exaall a i s m a t a . 

although i t hea eose o f t h e t e x t u r a l c h a r a c t e r — 
i at i c e o f a netasiorphoaed igneous r o c k {X ?leser 
s t r u c t u r e ? ) 9 tha preponderance o f q u a r t s and low 
f e l d s p a r content p l a c e a t h e rock i n the ssatasor-
phased oediDenta c a t e g o r y . 

2 e Gnei oa frost 3r
 ? d Outers^. 

"Banded aetaacrpSiic rock—-so&t l i h a l y t o have been 
sedimentary i n o r i g i n * _A o h l o r i t a - - b i o t i t e g r a n i t e 

Eanda of e h l o r i t a - r i o n s a t e r i a l srhich a r e per¬
. ©latent end u a i f o r a a l o n g -their l e n g t h , v a r y i n a 

d i r e c t i o n p e r p e n d i c u l a r t o t h e i r l e n g t h . -They 
a l t e r n a t e i ? i t h q u a r t z - r i c h and' c h l o r i t e - p o o r benda 
which a r e ©orally p e r s i s t e n t . 

The quarts i s p r e s e n t i n l a r g e amounts—grobebly 
7 0 l o f t h a t o t a l . I t tends t o be c o a r s e r - g r a i n e d i a 
the q u a r t s - r i c h benda. 

F e i r l y f i n e - g r a i n e d b i o t i t e i s cession and i a 
o l o a e l y a s s o c i a t e d t & t h the c h l o r i t e t o %?hieh i t i a 
a l t e r i n g . Soaa v a r y e m 11 needlea o f b i o t i t e and 
c h l o r i t e are pre a ant i n the q u a r t a - r i o h l a y e r s and' 
these a r a I n alignment. 

P y r l t e i s p r e s e n t i n . a v a r i e t y o f c r y s t a l s i s e a . 
Although i t i a not r e s t r i c t e d t o e i t h e r or*s o f t h e 
tv*e tyeea o f banda, i t soeaa t o be ^o r e abundant i a 
th a c h l o r i t e l§or* 

Ooarae-grained e e l c i t e v e i n s c u t a c r o s s tha be £d 
a t ateep a n g l e s . They have bean r e p l a c e d by q u a r t z 
and b i o t i t e . 
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2« feclsa groat 3* Outorpi; {Gent ? d •) 
"Tha banding^ tha abundance ot q u a r t s , and t h a 
abeonoe ot igneous s t r u c t u r e a i n d i c a t e t h a t 
t h l a r o c k has been d e r i v e d rrora a aed&sent, 
probably a sued at one w i t h i a p u r e s h a l y I g o r a." 

5 1A h i g h l y quartzose c b l o r i t o - b i o t i t e - g r a n i t a gnelaa* 
F a i r l y f i n a -gr a i n a d r o c k , shoving a i & i i r o n a t e x t u r e 
throughout t h a a l i d e ( t h a t i a , not banded}* 'rha 
B l n e r a l a do tend t o be i a a l i ^ n s a n t * 

i*ha rsoat predominant n i n o r a l q u a r t z * I t i a 
i n t r o s l s a a — . s o at of i t b c i n ^ f i n e - g r a i n e d bat 
soae o r i t b e i n g c o a r s e r and i n F l a s s r s t r u c t u r e a* 
Quarts c o n s t i t u t e s shout (&% of t h a roole* 

B i o t i t e and c h l o r i t e a r e f a i r l y abundant {25%) 
and i n iiiiig^sa&t t s i t h each o t h e r and •tfith the a l i g h t , 
but n o t i c e a b l e , d i r e c t i o n o* e l o n g a t i o n o f t h e q u a r t s * 

A m i n e r a l sfhieh i a aaaused t o be c h l o r i t o i d i a 
s c a t t e r e d i a s n a i l c r y s t a l s * 

The g l a g i o e l a g e i a extremely duaty and r e p l a c e d 
by q u a r t z and a a r i c i t e * 

P y r i t a i a present i n i r r e g u l a r c r y s t a l s and i a 
r e p l a c e d by q u a r t z * 

i&aall amounts of c a l o i t e a r c s c a t t e r e d through 
t h a n33a* 

A corroded garnet i a praaent. z t has baon a l t e r e d 
t o b i o t i t e and c h l o r i t e 2 n d I s o f t h a a i s a a d i n a 
v a r i o t y * 

The h i ^ J q u a r t s , l o a f e l d a p e r c o n t e n t vouH tend 
t o p a t t h i s l a t h e isatareorphoaed sediment c l a s s * * 

5. C-nelaa, f r o a 57. 

* ^ d i u & ~ g r a i n e d b i o t i t e - c h l o r i t a g r a n i t e g n e i s a * 
£he q u a r t s , which c o n s t i t u t e s about 6jj JJ o f t h e 
r o c k l a o£ 2sadl\ra-srain e l s e * I n a r e i j&aces 
t h e r e i s a l i t t l e F l a a e r s t r u c t u r e * 

B i o t i t e i a a c a t t a r c d i a s c s a l l n a k a a ^hicih a r e 
f a i r l y w e l l a l i g n e d v i 5 h eech o t h e r * i t r e p l a c e d 
tha hornblende and garnet end i s b a i n s r e p l a c e d by 

A vt^ry iiuch a l t e r e d and duaty p l a g l o e l a a e i a 
p r e s e n t In a i s a l l amcunte* BOPIS s e r i c i t e i s fou&d 
o u t l i n i n g the a l t e r e d p l a g i o o l a s e . 

Thar a are a fos corroded g a r n a t a , aoae a p a t i t e 
and a l i t t l e o r t h o c l a a e * S p r i t e i a pros ant i n 
s i l e n t l y g r e a t e r ajsounta* 

A g a i n , tha preponderance o f q u a r t s end s c a r c i t y 



5* C:V:'i,33 r i ^ a £«:;.;!...57T (Contfd*) 
o f f e l d a t j a r a end o t h e r n l n a r a l a t y p i c a l o f 
iirnaoua r o c k s plaaaa fchia rook i n the jaetesa-
or?hoa«d. aedi a e a t a category*" 

Tha r o p o r t e o f s&es Deane fchua o f f a r a t e n t a t i v e s e d i 
mentary o r i g i n f o r tha rooks which hava been h i g h l y a l t e r e d 
by subsequent iaetaaaorphiasa* 

Xt *aay bo abated a t t h i s p o i n t t h a t t h a o r i g i n o f 
g r a n i t e i a s t i l l a very D o n t r o v e r s i a l sad u n s e t t l e d problem 
i n g e o l o g i c a l c i r c l e s . A p o s i t i v e atate&ent aa t o a* g r a n i t i e 
o r i g i n i a fcbna not p o a a l b l a f r o * p s t r o g r s r h i o i n v e s t i g a t i o n s * 

?wo easrplea o f t h a ̂ g r a n i t e 3 gaelaa uera studied, by 
tha S f r i t a r * Tha r e s u l t ^ a r e a u z& a a r i 2 s d belo»;— 

1. ^£ranitag --naiaa ?rcsa 2»^»H» ::o_, 3 
i^hin D i c t i o n examination shesred tha f o l l o w i n g 
& i n e r a l & g i e a l c o ^ o a i t i o a : 

-iuarts - 40 % 
B i o t i t e 33 £ 
F o l u s - a r 20* 
C h l o r i t e 3> 
Zpidote 4A 
• S p r i t e 4 a a r i o i l ^ e %% 

The f e l d a p s r baa bean t ^ i a t i v e l y iao3il£isd 
00 the p i a g i o c l a s e - f i n d a a i n a . I t o c c u r s i n xhssio— 
e r y a t a up t o 1/3" i n s i s e , ana i s i o r g s l y r e p l a c e d 
by c & c r o e r y a t a x i i n e q u a r t z , o p i d o t e , and c h l o r i t e * 
i i l l t h a q u a r t s i a Cine g r a i n e d t o cdcroery3 t a l l i c a 
and fj^ajssa t o be e n t i r e l y r e c r y a t * l l i s o d • £?ii£ote 
occura i n minute g r a i f i a l a I s r g a l y r e s t r i c t e d 
t o the £oiaapar* 

The r o c k i s probably a notaisorjphoaed q u a r t s d i o r i t 
g nelae* 

2 s " O r a n l ^ ^ . ;;noi^s fro»n .3jd 
T h i n s e c t i o n examination r e v e a l a t h a f o l l o w i n g 
s l u e r 3 l o g i c a l corspositi on; 

-:usrt3 Go\ 
B i o t i t e 2;5> 
i>>idota 10% 
C h l o r i t e ?i* 
p y r i t e i d n o r a c c e s s a r y 
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*?ho q u a r t z i a e a a p l a t e l y r a o r y s t a l l i x e d fend occurs 
i a z a l o r o o r y s t a l l l i s g r a i n s . Mho e p i d o t a l a e v e n l y 
d i s t r i b u t a d throughout t h a rocSs. 
2?eldapar has sjot basn observed* I k a hi£h proper** 
t i o a o£ ©pidote &ay be i n d i c a t i v e o f f c r r ^ r p l a g i cy
c l a s e vshich has bean completely a l t e r e d * 

Ihar3 thus soeisa to ba a l s o ao&a i n d i c a t i o n s t h a t t h a 
**£rsnitaw gnsiaa f r o ^ S.D.H* 3 rasy ba on igneous rook. 

S i a w r i t o r tend a t o p l a e a onphaais en t h a t i a l d r e l a t i o n 
s h i p snd occurrences of t h a g n e i s s ar:d t b u s gaveura S«JL i & t r u s i v e 
o r i g i n . Tha £leld evidence So aupfport such a b a l l o t has bsen 
cisouss-ad to p r e v i o u s emotion a* 
I p r a b l a a d i t a 

h o r a b l e n d i t a a e r a t y p i c a l i n the Johnson l a k e u r e a , 
*usd c o n s i s t ot r&diuzi firainad^ d a r i i p u r p l i s h green roe&a* 'X'he 
r o c k e ^ u a i a t s e s s e n t i a l l y o f hornblende u i t h n i n o r Sitsounta o f 
v i s i b l e quarts and f e l d s p a r * Carneta at'o o c c a s i o n a l l y pron&naat. 

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

. .3Cba roc k i a a g a i n t y p i c a l l y exposed i n tha Johnson l a k e 
a r e a . I t i s dark g r e * a i n c o l o u r , i ^ s s l v e ^ end ve r y c o a r s e g r a i n e d * 
The ro^sU ec&aiata e s s e n t i a l l y o£ j o s r s e pyroxene c r y s t a l s up t o 
& i n c h i n s i s a * e h i t e f e l d s p a r l a o c c a s i o n a l l y observed as a 
i a l n s r accessory* The eo,apo^Ition. Kould vtiry between gabhro and 
pyrcvcenito* 

3ovax*sl d i o r . i t a s i l l s ha?a been observed i n tha a r e a , oas 
o f irhich i s t y p i c a l l y exposed i n T h i r t e e n Crock* The r o c k i s 
nadluia g r a i n e d , dark g r s a n i a c o l o u r , sisd eonsisSe o f pyrosona 
end f e l d s p a r i n approjclssately e ^ u s l amounts* 

Hornhlunda 
Quarts 
feldspar 
B l a c k Cpa^ueai Accessory 

j j l c r l t a 
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S e v e r a l s ^ l i s i l l - l i k a tfikas hare been observed on tha 
e a s t s l o p s o f Kad Gulch Creek* Tha r e c k l i g h t e r e s a c o l o u r e d , 
fcea a sugary t e x t u r e , .arA appears t o c o n s i s t e s s e n t i a l l y o f 
qua r t s ? i t h n i n o ? aasounta o f b i o t i t e * 
Hornblende l ^ & n r o t & y r s a 

£ha r o c k l a U s e g r a i n e d , dark g r e y i s h - g r s e n i n c o l o u r , 
c o n t a i n i n g shout 20/> o f hornblende phanooryata up to i ' J i n 
length*- i t i s t y p i c a l l y e^posad i a s e v e r a l c r e e k c u t s on tha 
eaat and »sat s l o p e s o f Had Gulch Creek» uhere the dikoe c u t 
d i r e c t l y a c r o s s the aediaenta* 
Of.otit e r c r t f o y r g 

2 h i a r o c k sras observed t o t h e vest o f the Tied B l u f f shear. 
I t i s f i n e g r a i n e d , sgaasive', dark green i n c o l o u r , snd c o n t a i n s 
about l j j o f b i o t i t e pheaocrysts up t o i n l e n g t h . Tha rook 
I s greuped &it& t h e I n t r u s i v e rooks although i t s asset nature i s 
not kacim, 
Hornblende Syenite, 
J S h i a r o c k observed only i n t h a Johnsca I ^ks area es a 
s i l l l i k e body o c c u r r i n g i a sheared a r g l l l l t e * The rook i s 
ii 3 d i u a g r a i n e d , c o n s i s t s o f e$ual sacunta o f homblsnde and u h i t e 
f a l d s p a r . 32ie rook has d i s t i n c t c h i l l e d borders a t i t s c o n t a c t 
u l s h t h e a r s i l l i t e . 

1 



0 
DjjSCHXFTIONS OF THIN SECTIONS MADE PROM 

SAMPLE I , 2 , 3 , U AND 5 , ECSTALL, B «C . 

i|. H o r n b l e n d e — b i o tit© q u a r t z — m o n z o n i t e g n e i s s 

Medium-grained r o c k showing good p a r a l l e l e l o n g a t i o n o f i t s 
f e r r o m a g n e s l a n m i n e r a l s * 

Q u a r t z c o n s t i t u t e s a bout 2$% o f r o c k ; o r t h o c l a s e about 20;^; 
p l a g i o c l o . s e 1 0 $ ; b i o t i t e , h o r n b l e n d e , and e p i d o t e about 
There i s a l s o some sphone, a p a t i t e and s e r i c i t e . 

M y r m e k i t i c s t r u c t u r e i a c o n s p i c u o u s on the edges of some o f 
the o r t h o c l a s e c r y s t a l s w h i c h I t i s r e p l a c i n g . The o r t h o c l a s e 
I s o n l y s l i g h t l y a l t e r e d as e v i d e n c e d by I t s f a i n t l y d u s t y ap
p e a r a n c e . • The p l a g i o c l a s e i s o f a medium v a r i e t y , p r o b a b l y 
o l i g o e l a s e . I t i s c o r r o d e d , though s t i l l c l e a r . 

The t h r e e m a f i c m i n e r a l s a r e p r e s e n t i n about e q u a l p r o p o r 
t i o n s . The h o r n b l e n d e i s r e p l a c e d I n p a r t by the b i o t i t e and 
e p i d o t e • 

There are no r e l i c k i g n e o u s s t r u c t u r e s t o be seen, the r o c k 
h a v i n g a f a i r l y u n i f o r m g r a i n s i z e . However, the p r e s e n c e . o f 
sphono, myrmekite, a f a i r amount o f f e l d s p a r , would I n d i c a t e an 
i g n e o u s o r i g i n i o r the r o c k . 

2 Banded metamorphic r o c k — m o s t l i k e l y t o have been s e d i m e n t a r y 
I n o r i g i n . A c h l o r i t e — b i o t i t e g r a n i t e g n e i s s . 

Bands of o h l o r l t e - r i c h m a t e r i a l w h i c h a r e p e r s i s t e n t and 
u n i f o r m a l o n g t h e i r l e n g t h , v a r y i n a d i r e c t i o n p e r p e n d i c u l a r 
t o t h e i r l e n g t h . They a l t e r n a t e w i t h q u a r t z - r i c h and c h l o r i t o -
p oor bands w h i c h are e q u a l l y p e r s i s t e n t . 

The q u a r t z i s p r e s e n t I n l a r g e amounts--probably 70% o f the 
t o t a l . I t tends t o be c o a r s e r - g r a i n e d I n the q u a r t z - r i c h bands. 

F a i r l y f i n e - g r a i n e d b l o t l t e i s common and i s c l o s e l y a s s o c i a 
t e d w i t h the c h l o r i t e to w h i c h i t I s a l t e r i n g . Some v e r y s m a l l 
n e e d l e s of b i o t i t e and c h l o r i t e a r e p r e s e n t I n the q u a r t z - r i c h 
l a y e r s and those are i n a l i g n m e n t . 

P y r l t e i s p r e s e n t I n a v a r i e t y o f c r y s t a l s i z e s . A l t h o u g h 
i t i s n o t r e s t r i c t e d to e i t h e r one of the two types o f bands, 
I t seems to be more abundant i n the c h l o r i t e l a y e r . 

Cofti'fly-grained c a l c l t e v e i n s c u t a c r o s s the bands a t s t o o p 
a n g l e s . They have been r e p l a c e d by q u a r t z and b i o t i t e . 

The b a n d i n g , t h e abundance o f q u a r t z , and the absence of Igne
ous s t r u c t u r e s I n d i c a t e t h a t t h i s r o c k has been d e r i v e d f r o m a 
sediment, • p r o b a b l y a -sandstone w i t h Impure s h a l y l a y e r s . 

1 Numbers 1, 3? and 5 are very a l i k e i n c o m p o s i t i o n and s t r u c t u r e • 

Medium-grained c h l o r i t e b l o t l t e g r a n i t e g n e i s s . 
Tire "ground mass" has f a i r l y u n i f o r m - s i z e d q u a r t z g r a i n s . 

I n t h i s are embedded F l a s e r - l l k e s t r u c t u r e s composed of s u t u r e d 
q u a r t s and o f l a r g e r g r a i n s i z e . Q u a r t z c o n s t i t u t e s about 6$% 

http://plagioclo.se
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. 1 ( c o n t i n u e d ) of the r o c k . 
b i o t i t e , c h l o r i t e and ho r n b l e n d e make up a n o t h e r 2%%a There 

a r e a l s o some s m a l l c h l o r i t o i d c r y s t a l s . The above f o u r miner
a l s a re e l o n g a t e d I n a d i r e c t i o n p a r a l l e l t o each o t h e r . 

G a r n e t , p y r l t e , and a p a t i t e are the a c c e s s o r i e s . They are 
c o r r o d e d and f o u n d s c a t t e r e d t h r o u g h the s l i d e a t random. 

Some c a l c i t e i s p r e s e n t . An a l t e r i n g p l a g i o c l a s e of medium 
c o m p o s i t i o n i s found i n s m a l l amounts. 

A l t h o u g h i t has some of the t e x t u r a l c h a r a c t e r i s t i c s of a 
metamorphosed Igneous r o c k ( P l a s e r s t r u e t u r e ? ) , the preponder
ance of q u a r t z and low f e l d s p a r c o n t e n t p l a c e s the r o c k i n the 
metamorphosed sediments c a t e g o r y . 

No. 3 A h i g h l y q u a r t z o s e c h l o r i t e - b i o t i t e - g r a n i t e g n e i s s . 

F a i r l y f i n e - g r a i n e d r o c k , showing a u n i f o r m t e x t u r e through
out the s l i d e ( t h a t i s , n o t b a n d e d j . The m i n e r a l s do tend to 
be I n a l i g n m e n t . 

The most predominant m i n e r a l i s q u a r t z . I t i s i n two s i z e s - ¬
most of i t b e i n g f i n e - g r a i n e d b u t some o f I t b e i n g c o a r s e r and 
i n F l a s e r s t r u c t u r e s . Quartz c o n s t i t u t e s about 60$ of the r o c k , 

b i o t i t e and c h l o r i t e are f a i r l y abundant (25/3) and i n a l i g n 
ment w i t h each o t h e r and w i t h the s l i g h t , b u t n o t i c e a b l e , d i r e c 
t i o n of e l o n g a t i o n of the q u a r t z . 

A m i n e r a l w h ich I s assumed to be c h l o r i t o l d i s s c a t t e r e d i n 
s ma11 c r y s t a 1 s • 

The p l a g i o c l a s e i s e x t r e m e l y d u s t y and r e p l a c e d by q u a r t z and 
s e r i c i t e . 

F y r i t e Is p r e s e n t i n i r r e g u l a r c r y s t a l s and i s r e p l a c e d by 
q u a r t z . 

S n a i l amounts of c a l c i t e a r e s c a t t e r e d t h r o u g h the mass. 
A c o r r o d e d g a r n e t i s p r e s e n t . I t has been a l t e r e d t o b l o t l t e 

and c h l o r i t e and i s of the AlmandIne v a r I e t y • 
The h i g h q u a r t z , low f e l d s p a r c o n t e n t w o u l d t e n d to p u t t h i s , 

i n the metamorphosed sediment c l a s s . 

The q u a r t z , which c o n s t i t u t e s about 6$% o f the r o c k Is of 
medium-grain s i z e . In a few p l a c e s t h e r e i s a l i t t l e F l a s e r 
s t r u c t u r e . 

- b i o t i t e I s s c a t t e r e d I n s m a l l f l a k e s wh 1 ch a r e f a 1 r 1 y w e l l 
a l i g n e d w i t h each o t h e r • I t r e p l a c e s the h o r n b l e n d e and g a r n e t 
and i s b e i n g r e p l a c e d by c h l o r i t e , 

a v e r y much a l t e r e d and d u s t y p l a g i o c l a s e i s p r e s e n t In s m a l l 
amounts. Some s e r i c i t e Is found o u t l i n i n g the a l t e r e d p l a g i o c l a s e . 

Thare a r e a few c o r r o d e d g a r n e t s , 3ome a p a t i t e and a I I t t l e 
o r t h o c l a s e • P y r i t e i s p r e s e n t i n s l i g h t l y g r e a t e r amounts. 

A g a i n , the preponderance o f q u a r t z and s c a r c i t y of. f e l d s p a r s 
and o t h e r m i n e r a l s t y p i c s l o f igneous r o c k s p l a c e 3 t h i s r o c k i n 
the metamorphosed sediments c a t e g o r y . 

No. 5 Medium-grained b i o t i t e - c h l o r i t e g r a n 1 t o g n e i s s •j . 
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SULPHIDE BEPT. 77.1 

March 19, 1953 

E C S T A L L 

Ore Fx serves: 
The 1952 work b r i n g s the ore estimates up to about 

7,000,000 long tons, Mr* Douglas" f i g u r e s , i n c l u d i n g i n d i c a t e d 
ore, come out somewhat higher at 7>780,0.00. Mr* "Guernsey estimates 
t h a t the 1952 d r i l l i n g campaign added over 2,000,000 tons to the 
lpLj.0 f i g u r e s . 

This 1952 d r i l l i n g confirmed that the dimensions o f the 
North Lens are f a i r l y a c c u r a t e l y known. No l i m i t , however, can ha 
p l a c e d on the depth of the South Lens, and i t i s probable that t h i s 
or ©body extends In depth to the south and east. I t can be regarded 
as c e r t a i n t h a t more ore w i l l be found th e r e . 

Grade: 

The grade of the North Lens. was not re-determined and r e 
mains a t the 19k0 f i g u r e s , as f o l l o w s s -

Sulphur I r o n Copper Zinc Gold S i l v e r 
# fo "' % JL— „ O Z ^ og. 

l ip.? [ 0 , 5 0,8 2 0.0.15 0.5 

Of the approximately 3j 000,000 tons of ore i n the North 
Lens, I t i s b e l i e v e d reasonable-that from 300,000 to 500*000 tons 
approximate 2$ copper In the f o o t w a l l above a d i t l e v e l . I t i s be
l i e v e d t h a t a good p r o p o r t i o n of t h i s ore co u l d be mined s e l e c t i v e l y 
i f d e s i r a b l e . 

The ore i n the South Lens i s somewhat lower i n sulphur con
t e n t but higher i n s i n e , average assay being about:-

Sulphur Copper Zinc 
% % i 

1*7.5. J-!-0 3.20 

The precious metals contents i n the South Lens ore are s i m i l a r to 
those i n the North Lens. 

5^? 3- o r a t i o n ; 
D r i l l i n g was c a r r i e d out on a t h i r d outcrop to the n o r t h 

of the North Lens, p y r i t e was found here but not enough work was 
done at depth to e s t a b l i s h i f the orebody i s important. 
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P r o s p e c t i n g i n the general area produced a good d e a l of 
i n f o r m a t i o n , some of which i n d i c a t e d other s e c t i o n s which appear 
worthy of f u r t h e r vvork • 

•The s o - c a l l e d F r i z s e l l outcrop appears to have boon i d e n 
t i f i e d at a p o i n t about h a l f a mile from the head of Hanna V a l l e y 
(see Holyk's report,page 29). One c l a i m was staked i n t h i s area as 
recorded a t P r i n c e Rupert. 

Geophysical work proved u n s a t i s f a c t o r y and gave no concrete 
r e s u l t s , l o c a l and c l i m a t i c c o n d i t i o n s p l a c i n g too great a s t r a i n 
on the apparatus being used. 

The mine area was adequately mapped d u r i n g the campaign, 
a e r i a l photographs having been a great help i n t h i s connection. 

Development o f the Property t_ 
Even before the a d d i t i o n a l reserves were found i n 1952, 

Kr, pat Stewart h o l d the o p i n i o n t h a t the mind should be put to work 
i f an adequate p y r i t e s market was a v a i l a b l e . I t i s now g e n e r a l l y 
thought t h a t the ore should move from the p r o p e r t y over to the 
Douglas Channel, t h i s i n v o l v i n g some means of haulage over the d i s 
tance of about twenty-four m i l e s . Road haulage had been discussed 
and i n v e s t i g a t e d , but ?Ir* Stewart b e l i e v e d that a r a i l r o a d was the 
proper answer. The route has not been a c c u r a t e l y surveyed, but 
i t i s b e l i e v e d t h a t no paramount d i f f i c u l t i e s w i l l be mot w i t h * 

' Tha ore can c l e a r l y be mined" and shipped without t r e a t 
ment i f circumstances should i n d i c a t e t h i s as the proper approach, 
However, i t would seom t h a t , v.pon any reasonable z i n c market, the 
sine contents should be recovered, and t h i s c o u l d bo c a r r i e d out 
e i t h e r at the mine, i n which oase~ a f l o t a t i o n p y r i t e would remain 
f o r s a l e , or* a t or near the p o i n t a t which the p y r i t e s I s u l t i m a t e l y 
consumed. C o n d i t i o n s i n the market i n which the p y r i t o Is to be 
s o l d w i l l determine which of those a l t e r n a t i v e s Is the proper one 
to f o l l o w . 

A t h i r d p o s s i b i l i t y a r i s e s when the now - h y d r o e l e c t r i c i n 
s t a l l a t i o n a t K i t i m a t i s put to work. The K i t i m a t scheme f o r water 
power and aluminum p r o d u c t i o n i s a l a r g e ono and wo are t o l d t h a t 
power w i l l bo a v a i l a b l e f o r i n d u s t r y and t h a t a l a r g 3 townsite 
w i l l u l t i m a t e l y be c o n s t r u c t e d . K i t i m a t i s aboxtt f o r t y m i l e s from 
the p o i n t a t which the E c s t a l l ore would reach the Douglas Channel, 

There appears to be a good d e a l of promise i n some o f the 
schemes now being workod out i n Europe f o r the rec o v e r y o f sulphur 
from " p y r i t e , and ono of these methods w i l l r e c o v e r the i r o n content 
i n the form of e l e c t r o l y t i c i r o n . I f the process proves out, i t 
i s o b v i o u s l y on the cards t h a t the E c s t a l l ore should ^ l o g i c a l l y 
move to K i t i m a t , where power i s a v a i l a b l e , i n which case a l l of 
the m e t a l l i c content, together w i t h the sulph u r , w i l l bo recovered 
there*: F u r t h e r a l t e r n a t i v e s i n t h i s connection l i e i n the ve r y 
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c o n s iderable q u a n t i t i e s of water a v a i l a b l e f o r power pr o d u c t i o n 
near the property i f t h i s proved to be more a t t r a c t i v e than takin. 
the ore to the K i t i m a t h y d r o e l e c t r i c p l a n t . A l l of these a!tern! 
t i v e s are being s t u d i e d , together w i t h p o s s i b l e plans f o r s o i l i n g 
the or© d i r e c t l y to consumers w i t h recovery of metals from the 
c a l c i n e s i n the t r a d i t i o n a l manner. 

7. H i l l 



TOSINAGE 
The work o f c r o s s c u t t l n g and diamond d r i l l i n g d u r i n g 1940 

has p r a c t i c a l l y c o n f i r m e d the former tonnage e s t i m a t e s . 

The f o l l o w i n g g i v e s the r e s u l t s based on t h e work done i n 
1940: 

N o r t h Lens S o u t h Lens T o t a l 

Above A d i t L e v e l 2,814,257 824,40? 3,638,666 
A d i t to Sea L e v e l %^. 381 237 ,070 653,-51 
Sea L e v e l t o 100 f t . Below Sea 219,63.8 353,635 578,453 

' 1 3 ,400.256 1,470 ,314 4,870 

-A 
i • 

The a v e r a g e a n a l y s i s o f t h e above i s as f o l i o - vs: 

i ' 
S u l u h u r i r o n 

% t 
Copper 

f 
Z i n c 
1" 

Gold 
oz • 

S i l v e r 
o z . 

GENERAL AVHfAGE 

Diamond D r i l l C o r e s 

49.O 43,0 0.8 2.0 0.015 0.6 

N o r t h Lens, Average 49-5 43.5 0.8 2.0 0.015 0.5 

South L e n s , A v e r a g e 47^5 41. 0.9 0.013 0.8 

a *j 
C r o s s c u t s 
N o r t h Lens $4 C r o s s c u t 15 f 

; 48 ,3 42.2 1 . 0 1.3 0.02 0.26 

it n jfi n 90' 49.4 43-8 0.6 ' 1.4 0.012 0.45 

South Lens #1 " 43.1 37-0 0.3 - 0-03 -
ii n -go ti 491 47.7 41 . 3 0.13 2.7 0.04 0.5o 

II II £z 11 10' 44.3 39.0 1 .4 2,2 0.04 0.97 
•; • A n a l y s e s f o r S e l e n i u m , A r s e n i c and Phosphorous were made on 

Average Samples w i t h t h e f o l l o w i n g r e s u l t s : 

S e l e n i u m A r s e n i c Phosphorous 
P a r t s per P o r t s per P o r t s per 

M i l l i o n • . . M i l l i o n La 11 i o n 

S2£Ah Lens 
No. 6 C r o s s c u t 90' 60 430 10 

F o o t w a l l S i d e 20' 100 625 „ V I . 

Hanging tfall S i d e 60' 50 360 ' ' lf. ; ' 

A c r o s s Orehody 70' 60 500 i,*"' 

A c r o s s Orebody 100' 40 ^20 



EG STALL ESTIMATES 

f t , to surface 

T o t a l »100 to surface 
B O I O T / -100 

T o t s l 

7«3g CUBIC PERT FF,R L03S ggH 

SOUTH LEHS 

£,E Vancouver 19lj0ff M D ilew York 19 

( ^73^000 

l f f310^000 

3, 73 V ^ 

NORTH Egg§ 
Vancouver iplj O * 

3,030,000 

4, 756, vOq 

M o , 000 
688.000 

l A 9 P * 0 0 0 
2,280,000 
3,779,000 

COMBINED NORTH AMD SOUTH LENSES 
T o t a l 6,80p,000 
No r t h l e n s from Vancouver estimate 
South lens from Nov/ York estimate 

* R e c a l c u l a t e d at 7«8jJ c u b i c f o o t i n s t e a d of 7*0 
*B* p r o v i s i o n a l f i g u r e s 
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SULPHIDE DEPT. FILES 

GRADED TOKNAGE OF THE ORE BELOW THE ADIT LEVEL 

IK THE SOUTH LENS AT THE ECSTALL HIKE. 

1952  

In o r d e r t o d8tcrinJ.no the prade o f the ore i n the South 

L e n s , the ore body was d i v i d e d i n t o b l o c k s t o a depth o f minus 9 5 0 ' . 

The Lens was c o n s i d e r e d t o be t a b u l a r and the b l o c k s t o l i e i n the 

p l a n e o f the ore body which d i n s 80° from the h o r i z o n t a l . - The c e n t e r s 

0f the d r i l l c o r e s which c u t the orebody were j o i n e d i n such a manner 

t h a t the p l a n e o f the Lens was d i v i d e d i n t o a p p r o x i m a t e l y e q u i l a t e r a l 

t r i a n g l e s . Because i t was deemed u n l i k e l y t h a t the orebody ended 

a b r u p t l y a t the l i m i t s o u t l i n e d by the d r i l l h o l e s , the b o u n d a r i e s 

were extended 1 0 0 1 h o r i z o n t a l l y beyond and 1 0 0 1 v e r t i c a l l y below the 

o u t e r d r i l l h o l e s . The t h i c k n e s s o f the orebody at t h i s p o i n t was 

c o n s i d e r e d t o be 2/3 o f t h a t at the c o r r e s p o n d i n g i n n e r d r i l l h o l e s . 

These o u t e r p o i n t s were a l s o j o i n e d i n such a manner t h a t t r i a n g l e s 

were formed I n the p l a n e o f the orebody. 

To.determine the tonnage and a s s a y s o f the b l o c k s r e p r e s e n t e d 

i n each t r i a n g l e , the average t h i c k n e s s and assays shown i n the t h r e e 

c o r r e s p o n d i n g d r i l l h o l e s were t a k e n . T h i s then gave a f a i r l y r e l i a b l e 

e s t i m a t e o f t h e grade and amount o f ore i n the b l o c k . I n the l a s t 

c a l c u l a t i o n the we i g h t e d average assay o f the whole orebody was d e t e r 

mined. The r e s u l t s are as f o i l o w s : 

Long Tons b c l o w the a d i t l e v e l and above minus 950 c — 2 , 8 8 2 , 5 6 2 

Assay Itf •U#S .lf0#Cu 3.20fZn. 

March 2 5 , 1953 M . S h e i l a Deane 

0+3 

MSD:GM0 

http://d8tcrinJ.no


RESULTS OF CALCUL. TI0NS O F TCWllAGU Af:D ASS AYS OF J L A C H B L O C K 

(7-85 C u b i c r'ee t to the Lons Ton) 

B l o c k s A-N A r e a T h i c k n e s s Volume 
is I n n e r Grout) S o . F t . F e e t Cu.Ft. Long Tons is fiCv. #Zn 

A 151,500 28 k,2i;.2,000 
2,85k,800 

5ko,382 k7 . 9 k2.2 0.67 2.62 
B 109 ,800 26 

k,2i;.2,000 
2,85k,800 363,668 k8 . 1 k i . ? 0,13 3-56 

G Ik0,k90 23 3,231,270 L f . l l , 626 k7•2 I4O.6 0.08 3.1*6 -
D 1+8,8U0 20 . 5 1,001,220 127,5k3 I+6.3 k o . i 0.01+ 3.2k 
E 39,300 31.5 1,237,950 157,700 )|8.0 .71 2 .7k 
P 28,1+00 29 823,600 10k-, 917 k8.2 .17 3 - 69 
G 25,200 23 579,600 73,83k I|-7 - 8 0.18 k o O 
H 8,000 17.1 136,800 17,k26 k6.8 0.10 3-96 
1 k8,k60 25 1,211,500 I5k,33'l k6.2 L+1.0 1.07 2.07 
J 35,360 3U 1,202,2k0 153,151 .69 d . Oc 

r K lk, 1 0 0 33-8 kl6,580 60,710 k8.k .67 
L 27,700 2k. 1 667,570 85,0k0 48.3 .69 If. 32 
M 13 ,700 

8,280 
17.1 23]'., 270 29,8Ji.3 k6.8 .07 k»3 anp. 

N 
13 ,700 
8,280 17.8 lk7,38I| 18,775 k5.8 .20 3.7 2-PO • 

T o t a l 2 ,298,9k6 

B l o c k s 0-Z 
Outer Groun 

0 8,000 9.5 76,000 9,681 1+5.1 39.0 l . t i 9 1.87 
P 8,100 13 105,300 1 3,klk 1+5.9 k l . 2 1.58 1.6k 
Q 33 ,300 19 632,700 80,598 1+7.3 k2.0 1.17 2.17 
R 33,700 19 61+0,300 81,566 1+7 • 8 k l . 7 0.66 2.73 
S k ,970 21 1Ok,370 13,295 U8.1+ 1+1.6 0.16 3-39 
T 22,000 25 550,000 70,063 k7.6 1+1.1 0.11 3-17 

_ u 22,000 22 k8k,ooo 61,656 1+6.8 1+0.6 0.06 2 .95 
r v 5,100 23 117,300 il+,9l+2 k6.1 1+0.2 0.02 2.7k 

. w 39,800 20 796,000 1 0 1 ,koi 1+6.0 1+0.1 0.02 2.73 
X 39,600 20.1 795,960 101,396 k5.9 ko.o 0.02 2.73 
Y 11,900 13.5 160,650 22,675 US. 8 ko.o 0.03 2.73 
Z 7,000 I k . 5 101,500 12,929 k i . 6 38.6 0.25 3.30 

T o t a l 583,616 

T o t a l and As s a y s f o r a l l B l o c k s below A d i t 2,882,562 k7.U .1+6 3.20 

i 
i 
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0 
Ivt E M O R A N D U M 

To: R. D. M o l l i s o n 
From: F. E. T i p p i e 

Re: STUDY AND DEVELOPMENT OF SULPHIDE MINES OWNED 
BY TEXAS GULF SULPHUR COMPANY WITH SPECIAL 
REFERENCE TO ECSTALL AND COPPER KING MINES 

Recent v a l u a t i o n s of v a r i o u s s i z e a b l e m a s s i v e s u l p h i d e r e s e r v e s 
owned by Texas G u l f S u l p h u r Co. s u g g e s t t o the w r i t e r t h e need of 
c a r e f u l r e v i e w s of t h e E c s t a l l and Copper K i n g mines i n p a r t i c u l a r , 
b e c ause i t appears f e a s i b l e t o o p e r a t e t h e s e p r o p e r t i e s a t a 
r e a s o n a b l e p r o f i t . I t i s s u g g e s t e d t h a t 

1) Ore r e s e r v e s be c a r e f u l l y checked t o d e t e r m i n e t h e need, i f 
any, of a d d i t i o n a l d r i l l i n g t o e s t a b l i s h p r o v e n r e s e r v e s . 

2) A system of development and m i n i n g be c a r e f u l l y o u t l i n e d , com
p l e t e w i t h maps and e s t i m a t e s of t i m e and c o s t s . C o n s i d e r a t i o n 

be g i v e n t o t h e p o s s i b i l i t y o f d e v e l o p i n g t h e s e mines f o r p r o d u c 
t i o n i n the near f u t u r e . 

3) A c a r e f u l e s t i m a t e o f c a p i t a l i n v e s t m e n t s and time r e q u i r e d f o r 
p l a c i n g t h e s e p r o p e r t i e s i n t o o p e r a t i o n be p r e p a r e d . 

4) M e t a l l u r g i c a l t e s t s of f r e s h samples of the ores be c o n d u c t e d , 
p a r t i c u l a r l y i n t h e case o f t h e E c s t a l l mine where i m p o r t a n t 

base m e t a l and p r e c i o u s m e t a l v a l u e s a r e p r e s e n t . Such t e s t s m ight 
i n c l u d e : b u r n i n g of t h e p y r i t e f o r s u l p h u r i c a c i d p r o d u c t i o n , 
l e a c h i n g o f the c i n d e r f o r base m e t a l s , e t c . and s i n t e r i n g i n 
p r e p a r a t i o n f o r a s a l e a b l e i r o n p r o d u c t . 

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

6) E s t i m a t e s of c a p i t a l c o s t s and o p e r a t i n g c o s t s be p r e p a r e d f o r 
l e a c h i n g and s i n t e r i n g o p e r a t i o n s . 

7) I f s u i t a b l e p r o c e s s e s f o r d i r e c t r e c o v e r y of e l e m e n t a l s u l p h u r , 
base m e t a l s , and i r o n a r e a v a i l a b l e , t e s t s might be c o n d u c t e d 

on t h e s e ores and e s t i m a t e s of c a p i t a l and o p e r a t i n g c o s t s be 
p r e p a r e d . 

8) A market s t u d y of t h e P a c i f i c a r e a be made f o r t h e s a l e o f 
p y r i t e , cupreous p y r i t e and z i n c c o n c e n t r a t e s . 

The above recommendations a r e made w i t h t h e thought o f p l a c i n g t h e s 
mines and o t h e r s , i f w a r r a n t e d , i n r e a d i n e s s f o r o p e r a t i o n i n t h e 
s h o r t e s t time p o s s i b l e , s h o u l d w o r l d economic c o n d i t i o n s improve t o 
t h e p o i n t where e x c e l l e n t p r o f i t s might be r e a l i z e d . 

August 11 , 1953 

CC t o Dr. C. F. F o g a r t y 
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DATA AND CALCULATIONS 
FOR 

ECSTALL MINE, BRITISH COLUMBIA, CANADA 

Reserves: Proven 6,551,653 long tons 
I n f e r r e d 1,473,181 v " 

Grade: Sulphur 48.3% 
I r o n 41.8 
Copper 0.55 . . S 3 
Zi n c 2.75 ^-' 3 

Gold 0 0015 oz./ton • w:? 4-
S i l v e r 0,5 " " 

Recovery and r a t i o of co n c e n t r a t i o n 
g r a d _ e "Recovery Rec „grade R.C. 

Cu 0.55 SbjT ~t)".TT4 5572 
2n 2.75 89 2.45 24.5 

T a i l w i l l c o n s i s t mainly of p y r l t e w i t h R. C. « 1*05 and the f o l l o w 
i n g approximate grade: 

I r o n 43.2^ 
Sulphur " 49.2^ . 

Smelter p r i c e s f o r concentrates 
Metal 

Copper 30^ $l45.00/long t o n $0.25/lb. 
Zinc :. 60$ . .. ^ v , 62.50, " / V • 0,10 " 

Value of p y r i t e 
Japanese pyrl¥e p l a c e d consumer p o r t s - e s t . $0.243/unit 
E c s t a l l p y r i t e p l a c e d Japan 49c2 x 0,243 « ^ l T 7 9 o ~ ~ ~ 
Less f r e i g h t 6.00 

f.o.b. K l t k i a t a . 579o" 
Recoverable v a l u e per ton of ore 5*63 

Value of z i n c concentrates (60^ placed smelter) $56.00/short ton 
Less ocean and r a i l f r e i g h t t o T r a i l , B, C 4 14.00 

f,o.b. K i t k i a t a pfSTOT " 
Recoverable value per long ton of ore 1,92 

Value of copper concentrates (30$ placed 
Tacoma smelter) $110.00/short ton 

Less f r e i g h t t o Tacoma ^?_zQ9 
f.o.b. K i t k i a t a 105.00 

Recoverable v a l u e per long t o n of ore 1.73 

T o t a l v a l u e _ o f ore $9.33 
hosts' f.o.b. K i t H a t a 6.76 • 

PROFIT $2.57 



1 

E c s t a l l Mine, B r i t i s h Columbia, :Canada - 2 -

Plant c a p a c i t y - 1000 tons/day 300,000 tons/ye 
C a p i t a l c o s t s 

Present book value . . . $ 741,000 
R a i l r o a d and equipment (mine t o K i t k i a t a ) 2,000,000 
M i l l 2,000,000 
Mine and s e r v i c e s 800,000 
Dock 300,000 
Weighing and l o a d i n g equipment 450,000 
Power p l a n t s . ... .. 300,000 -

T o t a l $6,591,000 

Operating c o s t s (per ton of ore) 
Mining $2.00 
F r e i g h t t o m i l l 0.50 
M i l l i n g • 1.50 
A d m i n i s t r a t i o n and gen e r a l O.75 
A m o r t i z a t i o n and d e p r e c i a t i o n 1.01 
Loading 1.00 

T o t a l . ... _ ... £6.76 
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VALUATION AND COMMENTS ON 

ECSTALL MINK, BRITISH COLUMBIA, i CANADA 

Reserves; 

Grade: 

Proven 
I n f e r r e d 
Sulphur 
I r o n 
Copper 
Zinc 

Mining r a t e 
C a p i t a l investment 
P e r i o d of op e r a t i o n 

6,551,653 long tons 
1,473,181 

48.1% 
41,8 

0.55 
2.75 

1,000 tons/day 
$6,591,000 -

22 years 
T o t a l value per long ton of ore as recoverable 

concentrates, f.o.b. K i t k i a t a -
P y r i t e 
Copper 
Zinc 

Less o p e r a t i n g , a d m i n i s t r a t i o n , d e p r e c i a t i o n , and-.,--' 
a m o r t i z a t i o n c o s t s 

P r o f i t per long ton of ore 
T o t a l p r o f i t over 22 years 

Annual r a t e 
Present value (8£ discount) 
Present book value 

$5-68 
1.73 
1.92 

$9.33 
6.76 

$2.57 

$16,837,7^8 
-• :•- 765,352 :,f>.. 

7,807,159 
7*1,185 

Comments regarding v a l u a t i o n 
Japan has been f i g u r e d a3 the on l y a v a i l a b l e market f o r p y r i t e 
from the E c s t a l l Mine under present c o n d i t i o n s , though i t Is Im
probable t h a t Japan co u l d take the e n t i r e p r o d u c t i o n . The value 
I n Japan has been f i g u r e d from the 1952 p r i c e of low-grade Japanese 
p y r l t e . 

The market f o r copper concentrates has been f i g u r e d a t the Tacosaa 
sm e l t e r and f o r z i n c concentrates a t the T r a i l smelter. No value 
has been f i g u r e d f o r precious metals because of I n s u f f i c i e n t 
m e t a l l u r g i c a l data. The t o t a l value of g o l d and s i l v e r i n the 
ore i s $0,97. What p o r t i o n of t h i s i s recoverable i s not known. 
I f z i n c concentrates c o u l d be s o l d I n Japan, undoubtedly a g r e a t e r 
value would be rec e i v e d because of lower s h i p p i n g c o s t s . 

F r i p p i i 

August 11, 1958 
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November 30, 1952 

Mr. Wallace Bruce 
Hio TInto Canadian E x p l o r a t i o n 
S u i t e 1000 
355 Bay S t r e e t 
Toronto, Ontario 
Pear W a l l y j 

With r e f e r e n c e t o our telephone c o n v e r s a t i o n 
e a r l i e r today the f o l l o w i n g i s the reserve p i c t u r e o f 
our E c s t a l l d e p o s i t near P r i n c e Rupert, B r i t i s h Columbia* 

4,870,000 tons 0.85JS Gfu, 2.2^ Zn. Of t h i s 
amount a s m a l l tonnage of 400,000 - 600,000 
tons i s c a l c u l a t e d a t 0.5 Ag, .023 Av, 1*9$ 
Cu. An a d d i t i o n a l 2,700,000 tons c o n t a i n 
0.3$ Cu,. 2.9^ Zn, : 
You w i l l note the above f i g u r e s are a t v a r i a n c e 

from f i g u r e s r e c a l l e d over telephone f o r which my a p o l o g i e s . 
I would see no o b j e c t i o n t o your examining our 

i n f o r m a t i o n on the H a l f M i l e Lake' d e p o s i t i n New Brunswick. 
In t h i s connection, however, I would c o n s i d e r i t d i f f i c u l t 
to a r r i v e a t any r e a l i s t i c terms acceptable t o us i n the 
l i g h t of present metal p r i c e s and present value c o n s i d e r a t i o n 
In other words, u n l e s s very a t t r a c t i v e terms were presented 
we would be r e l u c t a n t t o make a d e a l on the p r o p e r t y . 

With best w i s h e s , 
S i n c e r e l y , 

W« Holyk 
A s s i s t a n t Manager 
of E x p l o r a t i o n 

VvH:pl 
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F . W . G U E R N S E Y 

W E S T H A S T I N G S S T R E E T 

V A M C O U V E R . B . C . 

Nov. 3 r d , 1951 

Mr, u. T. H i l l , 
V i c e P r e s i d e n t , 
Texas G u l f S u l p h u r Co., 
75 i i B s t 4 5 t h S t . , 
New York 17, N. Y. 

My dear I.Ir. H i l l : 

I a t t a c h h e r e w i t h memos from Mr. H u l l : 

1. Recommendations f o r p r o s p e c t i n g i n the E c s t a l l 
Mine a r e a . 

2, D e s c r i p t i o n o f the B i o c h e m i c a l method o f d e t e r 
m i n i n g the p r e s e n c e o f c e r t a i n m i n e r a l s i n the 
o v e r b u r d e n . 

I have d i s c u s s e d t h e m a t t e r o f Mr. H u l l ' s 
employment w i t h him, and the p r e s e n t arrangement w i l l 
m a i n t a i n t h r o u g h the month o f November. 

I have w r i t t e n f o r f u r t h e r i n f o r m a t i o n r e 
g a r d i n g t h e p y r i t e d e p o s i t s i n the S t a t e o f "Washing
ton and may send Mr. H u l l down t o i n s p e c t t h o s e t h a t 
l o o k p r o m i s i n g . 

E n d . 
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7 4 4 W E S T H A S T I N G S S T R E E T 

V A N C O U V E R , B . C . 

Nov. 1 s t , 1951 

PROSPECTING I N THE SCSTALL ICTNB AREA 

GjS^RAL The f o l l o w i n g remarks a r e i n the n a t u r e o f a d i g e s t f o r 
use i n d i s c u s s i o n as t o t h e b e s t methods of p r o s p e c t i n g 
i n t h e E c s t a l l c o u n t r y . 

From p r e v i o u s e x p e r i e n c e i t would appear t h a t a s m a l l 
crew engaged i n p r o s p e c t i n g o v e r a l a r g e a r e a i n t h i s 
t y p e o f c o u n t r y i s not l i a b l e t o o b t a i n s a t i s f a c t o r y 
r e s u l t s . 

The ground i m m e d i a t e l y a d j a c e n t t o the known o r e - b o d i e s 
has been covered e x t e n s i v e l y by s u r f a c e p r o s p e c t i n g , 
and no l a r g e o u t c r o p s o f p y r i t e have been d i s c o v e r e d , 

From t h e s e two p o i n t s i t would a p p e a r t h a t , (a) - i n 
t e n s i v e s e a r c h by i n d i v i d u a l p a r t i e s i s r e q u i r e d , and 
(b) - some a d d i t i o n a l method i s r e q u i r e d t o a s s i s t p r o s 
p e c t i n g . 

1 - GROUND PARTIES 

U n t i l t h e base map, now under c o n s t r u c t i o n , i s c o m p l e t e d , 
i t i s d i f f i c u l t t o e s t i m a t e t h e s i z e o f ground p a r t y r e 
q u i r e d . However, i t s h o u l d be b o r n e i n mind t h a t a crew 
o f a s i z e c a p a b l e o f b e i n g s p l i t up i n t o two, t h r e e or 
more groups i s c o n s i d e r e d d e s i r a b l e . These p a r t i e s c o u l d 
be a s s i g n e d a p a r t i c u l a r a r e a o f s e a r c h , based on a g r i d 
s y s t e m , and d e t a i l e d e x a m i n a t i o n and g e o l o g i c a l mapping 
c a r r i e d o u t . 

I n c o n n e c t i o n w i t h ground p a r t i e s , t h e f o l l o w i n g s h o u l d 
be borne i n mind: 

(a) As s t a t e d above, s u r f a c e e x a m i n a t i o n t o d a t e has had 
n e g a t i v e r e s u l t s . The amount o f o v e r b u r d e n and pau
c i t y o f r o c k o u t c r o p s i s p a r t l y r e s p o n s i b l e , and i t 
i s i m p o s s i b l e , so f a r , t o s a y i f ground c o v e r e d w i t h 
o v e r b u r d e n c o n t a i n s an o r e - b o d y o r n o t . R e p o r t s mere
l y show t h a t none i s v i s i b l e . 

(b) I t i s t h e r e f o r e f e l t t h a t a d d i t i o n a l means must be 
u t i l i z e d by the ground p a r t i e s . The a r e a to be c o v e r 
ed i s l a r g e and f r e q u e n t l y s t e e p and rugged, and hence 
i t i s i m p r a c t i c a b l e t o us e g e o p h y s i c a l methods i n many 
p l a c e s . T h i s i s d i s c u s s e d l a t e r . 
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( c ) Two p r o s p e c t i n g a i d s t h a t have not y e t been t r i e d 
out i n t h e a r e a a r e : 

D i p N e e d l e 
G e o c h e m i s t r y or B i o g e o c h e m i s t r y 

n e i t h e r o f w h i c h r u n t o g r e a t expense, u n l e s s the 
l a t t e r i s done on an e x t e n s i v e s c a l e . 

W ith r e g a r d t o the D i p N e e d l e , i t would be a s i m p l e 
m a t t e r t o f i n d o u t , by t a k i n g r e a d i n g s o v e r t h e 
known o r e , i f d i f f e r e n c e s i n d i p a r e caused by t h e 
p y r i t e , and i f s o , what degree o f anomaly can be ex
p e c t e d . The ground p a r t i e s c o u l d , i f f a v o u r a b l e r e 
s u l t s were o b t a i n e d from c o n t r o l , be e q u i p p e d w i t h 
d i p n e e d l e s and r u n t h e s e i n c o n j u n c t i o n w i t h o r d 
i n a r y ground e x a m i n a t i o n . 

B i o g e o c h e m i s t r y , (see a t t a c h e d n o t e s ) , i s s t i l l i n 
t h e e x p e r i m e n t a l s t a g e , but i t i s thought t h a t a few 
s amples c o u l d be t a k e n t o e s t a b l i s h i f t h e r e i s a 
marked i n c r e a s e i n the I r o n or S u l p h u r c o n t e n t o f 
p l a n t s o v e r t h e known o r e , and, i f t h i s i s t h e c a s e , 
s amples c o u l d be t a k e n by t h e ground p a r t i e s i n t h e 
n o r m a l c o u r s e o f c o v e r a g e . I t must be p o i n t e d out 
t h a t , i f t h e p r o c e s s Is t o be o f any v a l u e , s y s t e m
a t i c and t h o r o u g h s a m p l i n g must be c a r r i e d o u t . 

2 - BULLDOZING 
V 

S u r f a c e s t r i p p i n g by b u l l d o z e r c o u l d , i t i s f e l t , be 
c a r r i e d out w i t h advantage on b o t h the East and '.Test 
p l a t e a u x , and p o s s i b l y o t h e r p l a t e a u x t o t h e s o u t h o f 
t h e mine. 
The r e n t a l p r i c e o f a b u l l d o z e r i s h i g h , (.£10*00 p e r 
hour i f h i r e d on a d a i l y r a t e , though t h i s m ight be r e 
duced on a c o n t r a c t ) but i f s t r i p p i n g o r t r e n c h i n g i s 
t o be done, I t i s thought t h a t t h i s would be t h e most 
e c o n o m i c a l method. 

5 ~ GHOUND SLUICING 

T h i s has been c a r r i e d out w i t h s a t i s f a c t o r y r e s u l t s i n 
many p a r t s o f t h e p r o v i n c e , but t h e d i s t a n c e s o v e r w h i c h 
lumber a n d / o r p i p e would have t o be t r a n s p o r t e d , and the 
d i f f i c u l t i e s e n t a i l e d , would p r o b a b l y p r e c l u d e i t s u s e . 

4 - DIAMOND DRILLING 

D r i l l i n g s h o u l d be c a r r i e d out to d e t e r m i n e t h e p o s s i b l e 
e x t e n t and p i t c h o f the S outh L e n s e ; and p o s s i b l y t h e 4' 
showing on t h e S u l p h i d e 0 M.G. s h o u l d be d r i l l e d . 
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UNDERGROUND V^PLORATIQN 

T h i s work, c o i n c i d e n t w i t h m i n i n g on e i t h e r a l a r g e o r 
s m a l l s c a l e i s f e l t to be beyond t h e scope o f t h i s memo. 

GEOPHYSICAL y^PLOiUTION 

I t must be remembered t h a t g e o p h y s i c a l r e s u l t s can o n l y 
be e x p e c t e d t o show a n o m a l i e s which might be caused by 
the p r e s e n c e o f an ore-body. ( J a k o s k y , A.I.M.M.S, S e p t . 
1949). I t s p u r p o s e s h o u l d be r e g a r d e d as a s t e p towards 
l o c a l i z i n g d i r e c t p r o s p e c t i n g , by d r i l l i n g o r t r e n c h i n g , 
e t c . Modern p r a c t i c e tends t o the use o f two methods t o 
c r o s s - c h e c k each o t h e r , and i n t h i s case an e l e c t r i c a l 
method f o r d e t e r m i n i n g a r e a s o f b e t t e r c o n d u c t i v i t y and 
a g r a v i t a t i o n a l method would seem to be most s u i t a b l e . 



E C S T A L L 

Ore R e s e r v e s • 

K a r c h 19, 1953 

The 1952 work b r i n g s the o r e e s t i m a t e s up t o about 
7,000,000 l o n g t o n s . Mr. D o u g l a s ' f i g u r e s , I n c l u d i n g i n d i c a t e d 
o r e , come out somewhat h i g h e r a t 7*785,000. Mr. Guernsey e s t i m a t e s 
t h a t the 1952 d r i l l i n g campaign added o v e r 2,000,000 t o n s t o t h e 
I9L1O f i g u r e s . 

T h i s 19̂ 2 d r i l l i n g c o n f i r m e d t h a t the d i m e n s i o n s o f t h e 
N o r t h Lexis are f a i r l y a c c u r a t e l y known. No l i m i t , however, c an be 
p l a c e d on the d e p t h o f the S o u t h L e n s , and I t I s p r o b a b l e t h a t t h i s 
orebody extends I n depth t o t h e s o u t h and e a s t . I t c a n be r e g a r d e d 
as c e r t a i n t h a t more ore w i l l be f o u n d t h e r e . 

Grade: 

The grade o f t h e N o r t h Lens was n o t r e - d e t e r m i n e d and r e 
mains a t the 19l|-0 f i g u r e s , as f o l l o w s i -

S u l p h u r I r o n Copper ZIno G o l d S i l v e r 
iff a? 

k3*S 0.8 1 2 0.015 0.5 

Of the a p p r o x i m a t e l y 3,000,000 tons o f ore i n t h e N o r t h 
Lens, i t i s b e l i e v e d r e a s o n a b l e t h a t . f r o m 300,000 t o 500,000 t o n s 
approximate 2% copper i n t h e f o o t w a l l above a d i t l e v e l . I t I s be
l i e v e d t h a t a good p r o p o r t i o n o f t h i s o r e c o u l d be mined s e l e c t i v e l y 
i f d e s i r a b l e . 

The ore i n the S o u t h Lens i s somewhat l o w e r i n s u l p h u r con
t e n t b u t h i g h e r i n s i n e , average a s s a y b e i n g about 

S u l p b u r C opp e r Z i n c 
% % „ A— 

I4-T * 5 •U-o 3,20 
The p r e c i o u s m e t a l s c o n t e n t s i n t h e So u t h Lens ore a r e s i m i l a r t o 
those i n t h a N o r t h L e n s . 

£ x p l o r a t i o n ; 

D r i l l i n g was c a r r i e d o ut on a t h i r d o u t c r o p t o the n o r t h 
o f the N o r t h Lens, P y r l t e was f o u n d here b u t not enough work was 
done a t d e p t h t o e s t a b l i s h i f t h a orebody i s I m p o r t a n t . 
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P r o s p e c t i n g i n the g e n e r a l a r e a p r o d u c e d a good d e a l of 
i n f o r m a t i o n , some of w h i c h i n d i c a t e d o t h e r s e c t i o n s w h i c h appear 
w o r t h y of f u r t h e r work. 

The s o - c a l l e d F r i z z e l l o u t c r o p appears t o have been I d e n 
t i f i e d a t a p o i n t about h a l f a m i l e f r o m the head o f Hanna V a l l e y 
( see H o l y k ' s r e p o r t , p a g e 29). One c l a i m was s t a k e d i n t h i s a r e a as 
r e c o r d e d a t P r i n c e R u p e r t , 

G e o p h y s i c a l work p r o v e d u n s a t i s f a c t o r y and gave no c o n c r e t e 
r e s u l t s , l o c a l and c l i m a t i c c o n d i t i o n s p l a c i n g t o o g r e a t a s t r a i n 
on the a p p a r a t u s b e i n g u s e d . 

Th© mine a r e a was a d e q u a t e l y mapped d u r i n g t h e campaign, 
a e r i a l p h otographs h a v i n g been a g r e a t h e l p i n t h i s c o n n e c t i o n . 

Development o f the P r o p e r t y ; 

E v e n b e f o r e the a d d i t i o n a l r e s e r v e s were f o u n d I n 1952, 
Mr« P a t S t e w a r t h e l d tha o p i n i o n t h a t t h e mine s h o u l d be p u t to work 
i f an adequate p y r i t e s m a r k e t was a v a i l a b l e . I t I s now g e n e r a l l y 
t h o u g h t t h a t the ore s h o u l d move f r o m the p r o p e r t y o v e r t o the 
Dougl£3 Ch a n n e l , t h i s i n v o l v i n g some means o f h a u l a g e o v e r t h e d i s 
t a n c e o f about t w e n t y - f o u r m i l e s * Road ha u l a g e had been d i s c u s s e d 
and i n v e s t i g a t e d , b u t Mr. S t e w a r t b e l i e v e d t h a t a r a i l r o a d was the 
p r o p e r answer. The r o u t e has n o t b e s n a c c u r a t e l y s u r v e y e d , b u t 
i t i s b e l i e v e d t h a t no paramount d i f f i c u l t i e s w i l l be met w i t h . 

The ore can c l e a r l y be mined;and s h i p p e d w i t h o u t t r e a t 
ment i f c i r c u m s t a n c e s s h o u l d i n d i c a t e t h i s as t h e p r o p e r approach. 
However, i t would seem t h a t , upon any r e a s o n a b l e s i n e m a r k e t , the 
s i n e c o n t e n t s s h o u l d be r e c o v e r e d , and t h i s c o u l d be c a r r i e d o u t 
e i t h e r at the mine, I n w h i c h case'' a f l o t a t i o n p y r i t e would r e m a i n 
f o r s a l e , o r a t o r n e a r t h a p o i n t a t w h i c h the p y r i t e s i s u l t i m a t e l y 
consumed. C o n d i t i o n s i n t h e max'ket i n w h i c h t h e p y r i t e I s t o be 
s o l d w i l l d e t e r m i n e w h i c h o f t h e s e a l t e r n a t i v e s i s t h e p r o p e r one 
t o f o l l o w . 

A t h i r d p o s s i b i l i t y a r i s e s when t h e new h y d r o e l e c t r i c i n 
s t a l l a t i o n a t K i t i m a t Is p u t t o work. The K i t i m a t scheme f o r water 
power and aluminum p r o d u c t i o n I s a l a r g e one and wre are t o l d t h a t 
power w i l l be a v a i l a b l e f o r i n d u s t r y and t h a t a l a r g e t o w n s i t e 
w i l l u l t i m a t e l y be c o n s t r u c t e d . K i t i m a t I s about f o r t y m i l e s f r o m 
the p o i n t a t w h i c h t h e E c s t a l l o r e "would r e a c h the D o u g l a s C h a n n e l . 

There appears t o be a good d e a l o f promise i n soma o f the 
schemes now b e i n g worked out i n E u r o p e f o r the r e c o v e r y o f s u l p h u r 
f r o m p y r i t e , and one o f t h e s e methods w i l l r e c o v e r the i r o n c o n t e n t 
I n the form o f e l e c t r o l y t i c i r o n . I f t h a p r o c e s s p r o v e s o u t , i t 
I s o b v i o u s l y on the c a r d s t h a t t h e E c s t a l l ore s h o u l d l o g i c a l l y 
move t o K i t i m a t , where power i s a v a i l a b l e , i n w h i c h case a l l o f 
t h e m e t a l l i c c o n t e n t , t o g e t h e r w i t h tha s u l p h u r , w i l l be r e c o v e r e d 
t h e r e . F u r t h e r a l t e r n a t i v e s I n t h i s c o n n e c t i o n l i e I n tha v e r y 
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considerable q u a n t i t i e s of water a v a i l a b l e for- power p r o d u c t i o n 
near the pr o p e r t y i f t h i s proved to be more a t t r a c t i v e than t a k i n 
the ore to the K i t i m a t h y d r o e l e c t r i c p l a n t . A l l of these a l t err* 
t i v e s are being s t u d i e d , together w i t h p o s s i b l e plans f o r s o i l i n g 
the ore d i r e c t l y to consumers w i t h recovery of metals from the 
c a l c i n e s In the t r a d i t i o n a l manner. 

C. T. H i l l 

CTH:AO 
O+lj. 
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LUMP ORE 

P a i n t T race F a i n t T r a c e F a i n t Trace 

Low Low Low 

H i g h H i g h H i g h 

Trace Trace T r a c e 

Low Low Low 

Trace Trace T r a c e 

None None None 

P a i n t T race F a i n t T r a c e F a i n t Trace 

H i g h 10-100$. Medium 1-10$. Low 0.1-1$. T r a c e l e s s t h a n 0.1^ 
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BI0GS0CH3£TCAL PROSPECTING 

W h i l e a r e l a t i v e l y s m a l l amount o f work has been done i n 
t h i s f i e l d , e s p e c i a l l y from a c o m m e r c i a l v i e w p o i n t , e x p e r i m e n t s 
c a r r i e d out i n s e v e r a l c o u n t r i e s o v e r a p e r i o d o f some y e a r s p r o v e 
t h a t the n o r m a l m e t a l c o n t e n t o f p l a n t s and t r e e s v a r i e s w i t h t h e 
t y p e of b e d r o c k , and a l s o v a r i e s i r r e g u l a r l y , w i t h i n c e r t a i n l i m i t s , 
i n a r e a s u n d e r l a i n by o n l y one t y p e o f r o c k . These l i m i t s must be 
d e t e r m i n e d by t e s t s . 

I t has a l s o been p r o v e d t h a t , i n the base m e t a l f i e l d w i t h 
r e l a t i o n t o Copper, and Z i n c e s p e c i a l l y , t h e r e i s a m o d i f i c a t i o n , some 
t i m e s t o a c o n s p i c u o u s d e g r e e , o f t h e n o r m a l r a t i o o f Copper t o Z i n c 
by t h e p r e s e n c e nearby o f Copper or Z i n c m i n e r a l i z a t i o n , and, h a v i n g 
d e t e r m i n e d t h e s e n o r m a l s , i t i s p o s s i b l e to d i s c o v e r end p l o t anom
a l i e s . These may, under some c o n d i t i o n s , be u s e d t o I n d i c a t e the 
p r e s e n c e o f n e a r b y c o n c e n t r a t i o n s o f Copper and Z i n c . (Warren, De-
l a v a u l t , W h i t e ) . 

The work i s s t i l l I n t h e e x p e r i m e n t a l s t a g e , but n o r m a l 
v a l u e s a r e known w e l l enough t o e n a b l e any s i g n i f i c a n t " h i g h s " t o 
be n o t i c e d i m m e d i a t e l y . Any s y s t e m a t i c I n v e s t i g a t i o n w i l l c o n t a i n 
enough normal samples to e n a b l e n o r m a l s t o be e s t a b l i s h e d f o r t h a t 
a r e a 0 

No e x p e r i m e n t s have y e t been c a r r i e d out i n B. C. or any
where e l s e , as f a r as can be a s c e r t a i n e d , on d e p o s i t s o f p y r i t e , and 
hence i t i s v i r t u a l l y i m p o s s i b l e t o f o r e t e l l what r e s u l t s , i f a n y , 
c o u l d be o b t a i n e d from samples t a k e n o v e r t h i s m i n e r a l . The c o s t o f 
o b t a i n i n g samples i s not h i g h , and i t i s s u g g ested t h a t a few might 
be t a k e n as an e x p e r i m e n t . 

Samples tak e n c o u l d be a n a l y z e d f o r Copper and Z i n c , as 
m inor amounts a r e p r e s e n t i n t h e o r e , and might be s u f f i c i e n t i n 
q u a n t i t y t o show sn anomaly. A d i f f e r e n t method o f a n a l y s i s f r o m 
the D i t h i z o n e n e u t r a l c o l o u r end p o i n t used f o r Copper and Z i n c 
would have t o be used f o r S u l p h u r . 

T e s t s c o u l d be c a r r i e d out f o r I r o n , but t h i s m i n e r a l I s 
so g e n e r a l i n d i s t r i b u t i o n t h a t i n o t h e r p l a c e s i t has not p r o v e d 
s a t i s f a c t o r y . However, t h e m a j o r c o n c e n t r a t i o n p r e s e n t i n a l a r g e 
body o f m a s s i v e p y r i t e c o u l d , p r e s u m a b l y , produce a n o m a l i e s . P r e 
v i o u s work on the B i o g e o c h e m i s t r y o f I r o n has a l s o p r o d u c e d th e f a c t 
t h a t I r o n i s not a s a t i s f a c t o r y m i n e r a l , c h e m i c a l l y , w i t h w h i ch t o 
work • 

Sampling i s c a r r i e d out i n two s t a g e s - 1, c o n t r o l s a r e 
e s t a b l i s h e d over known m i n e r a l i z e d and n o n - m i n e r a l i z e d a r e a s ; 2, un
known a r e a s a r e sampled s y s t e m a t i c a l l y , p r e f e r a b l y on a g r i d s y s t e m . 



As has been m e n t i o n e d , the m a j o r i t y o f work has been I n 
the f i e l d o f Base M e t a l s , and hence, I n t h e f o l l o w i n g r e m a r k s , Cop
p e r and Z i n c a r e t a k e n as examples, though p o s s i b l y s i m i l a r methods 
c o u l d be a p p l i e d f o r t e s t i n g f o r I r o n and S u l p h u r . 

I n a g i v e n a r e a I n which c o n t r o l has been e s t a b l i s h e d , one 
s p e c i e s g e n e r a l l y a v a i l a b l e i s s e l e c t e d , and young t w i g s a r e cut f o r 
each sample ( h a l f a dozen s u f f i c e ) . S a m p l i n g must be c o n s i s t e n t , 
t w i g s o f t h e same age from the same s p e c i e s b e i n g t a k e n . 

The G e o l o g i c a l Department o f t h e U n i v e r s i t y o f B r i t i s h 
Columbia a r e p r e p a r e d t o i s s u e i n s t r u c t i o n s f o r r o u t i n e f i e l d a n a l 
y s i s , i f d e s i r e d . 

Up t o t h e p r e s e n t i t i s not known e x a c t l y what i s t h e max
imum t h i c k n e s s o f o v e r b u r d e n over which s a t i s f a c t o r y samples may be 
t a k e n , though a f i g u r e o f 30* i s thought r e a s o n a b l e . The s u r v e y 
w i l l m e r e l y r e f l e c t t h a t p a r t o f the ground r e a c h e d by r o o t s , o r 
p o s s i b l y t h a t p a r t where i o n i z e d w a t e r r e a c h e s t h e r o o t s . 

A l l i n v e s t i g a t i o n s p o i n t to the e x i s t e n c e o f a "metal 
shadow" above an ore-body, t r a c e a b l e i n t h e m e t a l c o n t e n t o f the 
p l a n t o r g a n s , and i t has been p r o v e d t h s t t h i s shadow i s e s s e n t 
i a l l y s t a t i o n a r y i n p o s i t i o n , u n i n f l u e n c e d by t h e movement o f ground 
w a t e r . 

The w i d t h o f t h i s shadow has been shown t o i n c r e a s e as the 
depth o f o v e r b u r d e n i n c r e a s e s . 

T h e r e e r e c e r t a i n elements t o be t a k e n i n t o c o n s i d e r a t i o n 
i n p r o p o s i n g work o f t h i s e x p e r i m e n t a l n a t u r e : 

1. C o s t 
2. P r a c t i c a b i l i t y . 
3. L i k e l i h o o d o f r e s u l t s . . 

1. The I n i t i a l c o s t o f a p p a r a t u s and r e a g e n t s s u f f i c i e n t f o r 200 
samples i s i n t h e n e i g h b o r h o o d o f §100.00. 2 men can c o l l e c t 
from 15 t o Go samples a day, depending on the t e r r a i n and p r e 
c i s i o n demanded. 

2. One s p e c i e s s h o u l d be c o l l e c t e d f o r each group o f samples, and 
groups o f t r e e s o f a p p r o x i m a t e l y the same age s h o u l d be t a k e n . 

Samples i n any group should be t a k e n from a r e l a t i v e l y s m a l l 
a r e a , I n w h i c h , as f a r as p o s s i b l e , s l o p e , d r a i n a g e and pH are 
c o n s t a n t . 

Paper bags have, been found t o be t h e most s u i t a b l e f o r c o l l e c t 
i n g , as t h e y e l i m i n a t e s a l t i n g . No d i f f i c u l t i e s have been ex
p e r i e n c e d i n t h i s r e s p e c t due t o w e a t h e r . Depth o f o v e r b u r d e n 
i s a f a c t o r t o be t a k e n i n t o c o n s i d e r a t i o n . The c o l l e c t i n g o f 
samples can be c a r r i e d out i n w i n t e r . A n a l y s i n g i s not n e c e s s 
a r i l y a job f o r a s k i l l e d c h e m i s t . Good r e s u l t s can be o b t a i n e d 
by an u n s k i l l e d o p e r a t o r , but t r o u b l e may a r i s e i f some unexpecte 
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d i f f i c u l t y o c c u r s , end d i f f i c u l t y may be e x p e r i e n c e d In s p o t t i n g 
a c c i d e n t a l s a l t i n g p r o m p t l y . 

The p o s s i b i l i t y o f o b t a i n i n g r e s u l t s o f more t h a n academic i n 
t e r e s t i s i m p o s s i b l e t o f o r e s e e . I t must be emphasized t h a t 
any work u n d e r t a k e n would be p u r e l y e x p e r i m e n t a l , and, a s s u c h , 
no immediate p o s i t i v e r e s u l t s s h o u l d be e x p e c t e d . T a k i n g a 
broad v i e w , however, i t would appear t h a t any method, of r e a s 
onable p r a c t i c a b i l i t y , w h i c h might a s s i s t i n the d i s c o v e r y o f 
f u r t h e r o r e - b o d i e s , i s w o r t h y o f some t h o u g h t , and e s p e c i a l l y 
a method such as t h i s , i n w h i c h t e r r a i n and o v e r b u r d e n . a r e n o t 
d i s a d v a n t a g e s . 
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K. E. MASON 

M i n i n g E n g i n e e r . 

White Rock, B. C 
S e p t . 2 9 t h , 1951 

If. ¥. Guernsey, E s q r e . , 
744 West H a s t i n g s S t . , 
"Vancouver, B. G. 

- . E c s t a l l R i v e r R e c o n n a i s s a n c e 

Dear Mr. Guernsey: 

Mr. H u l l has f u r n i s h e d a g e n e r a l resume o f t h e 
season*s work. The p a r t y was s m a l l e r t h a n was c o n t e m p l a t e d , 
n e c e s s a r i l y l i m i t i n g t h e scope o f i t s o b j e c t i v e s . These had 
been e x p r e s s e d as p r i m a r i l y t h e l o c a t i o n and r e c o n n a i s s a n c e 
of t h e g r e e n s t o n e b e l t n o r t h and s o u t h o f the p r o p e r t y ; and 
s e c o n d l y , l o c a t i o n o f t h e E r i z z e l l o u t c r o p i n the C l e a r w a t e r 
w a t e r s h e d . Map knowledge o f t h e a r e a was meagre, b e i n g l i m 
i t e d to t h e g e n e r a l c o u r s e o f t h e E c s t a l l r i v e r to t h e Q u a a l 
d i v i d e , and the t o p o g r a p h y o f t h e p r o p e r t y a r e a . 

Due t o t h e l a t e snow, work was c o n f i n e d t o b e l o w 
the 2 0 0 0-foot e l e v a t i o n u n t i l t h e end o f J u l y . I t c o n s i s t e d 
c h i e f l y o f an e x p l o r a t o r y t r a v e r s e up the C l e a r w a t e r R i v e r , 
f i n a l l y e s t a b l i s h i n g a c c e s s t o g r e e n s t o n e o c c u r r e n c e s i n 
Hanna c r e e k ; and o f t r a i l work p r e p a r a t o r y t o g a i n i n g t h e 
h i g h r e l i e f n o r t h end s o u t h o f t h e mine. N o t h i n g such as 
t h e F r i z z e l l o u t c r o p was e n c o u n t e r e d i n the l i m i t e d r e c o n n 
a i s s a n c e done. 

c l a r i f y : 
Subsequent work on t h i s h i g h ground s e r v e d t o 

(1) the e x t e n t and s t r u c t u r a l t r e n d s o f the g r e e n s t o n e 
b e l t i n the "Mine A r e a " (between Lockaby and A l l a i r e 
C r e e k s ) , and t h e p o s i t i o n o f the Hanna v a l l e y g r e e n 
s t o n e s as w i t h i n t h e f o r m e r ; 

(2) t h e p e r s i s t e n c e o f s h e a r zones i n r e p e t i t i o n r e l a t i v e 
t o t h e mine s h e a r s , from one r i d g e exposure to a n o t h e r 

(3) t h e g e n e r a l n a t u r e o f t h e t e r r a i n o c c u p i e d by t h e gree 
s t o n e b e l t between Lockaby c r e e k and t h e Quaal d i v i d e , 
the means o f a p p r o a c h and p o s s i b i l i t i e s o f s p e c i f i c ex 
a m i n a t i o n . - ' 
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I n the n a t u r e o f t h e m a s s i v e v e g e t a t i o n and 
the a b r u p t and d i f f i c u l t v a l l e y s l o p e s , t r a v e l was i n 
c l i n e d t o be l i m i t e d t o i n d i v i d u a l c o u r s e s aimed a t g a i n 
i n g r i d g e e l e v a t i o n s . Coverage o f t h e a r e a was t h u s s c a n t y , 
and i n t h e t i m e a l l o t t e d f a i l e d t o i n c l u d e i n v e s t i g a t i o n o f 
o b v i o u s s h e a r p o s s i b i l i t i e s . These are found c h i e f l y i n 
c l i f f e x p o s u r e s , and a r e e q u a l l y o b s c u r e d a t upper e l e v 
a t i o n s by a l p i n e v e g e t a t i o n . 

The work thus r e s o l v e d i t s e l f i n t o a p r e l i m i n a r y 
r e c o n n a i s s a n c e , aimed t o g a i n adequate p l a n n i n g o f the s c a l e 
and p o s s i b i l i t i e s o f f u t u r e I n v e s t i g a t i o n o f t h e a r e a as a 
whole, o r the Immediate v i c i n i t y o f t h e mine. A e r i a l maps 
and p h o t o g r a p h s o f t h e a r e a have a l s o l a t t e r l y become a v a i l ¬
" a b l e • 

M ine Ar e a 

s o - c a l l e d , i s the a r e a o f t h e J - m i l e s c a l e map 
c u r r e n t l y under p r e p a r a t i o n , o f t h e e x t e n t o f the season*s 
c o v e r a g e • 

The g e n e r a l n a t u r e o f t h e topography has been 
made e v i d e n t : c o n s i s t i n g ' o f ' d e e p l y overburdened g l a c i a l 
v a l l e y s , w i t h sharp s l o p e s l e a d i n g t h r o u g h upper bench rem
n a n t s t o h i g h r i d g e s and m o u n t a i n p e a k s . The m a s s i v e vege
t a t i o n o f the v a l l e y bottoms has been n o t e d , c o n t i n u i n g 
"with dense u n d e r b r u s h about t h e 2000-foot e l e v a t i o n . S l o p e s 
above are t h i c k l y c a r p e t e d w i t h l o w - l y i n g a l p i n e v e g e t a t i o n , 
u n t i l t h e range o f major o u t c r o p p i n g i s reac h e d about t h e 
50 0 0 - f o o t e l e v a t i o n . Hence, r o c k e x p o s u r e s below t h i s e l e 
v a t i o n a r e s c a n t y , except where t h e y form c l i f f e xposures 
u s u a l l y d i f f i c u l t o f n e g o t i a t i o n . 

E x a m i n a t i o n o f t h i s c o u n t r y i s thus b e s t performed 
upon the h i g h r e l i e f , where m i n e r a l b o d i e s a r e l e a s t l i k e l y 
o f o c c u r r e n c e . The v a l l e y b o t t o m s are al m o s t l a c k i n g i n 
o u t c r o p s , and are commonly J00-500 f e e t i n o v e r b u r d e n . 
C l i f f e xposures a t v a r i o u s i n t e r m e d i a t e e l e v a t i o n s have 
y i e l d e d t h e s u l p h i d e o r e b o d i e s ; and t h e l o c a t i o n o f o c c a s 
i o n a l p y r i t i z e d shear z o n e s , p e r s i s t i n g t o the extreme s o u t h 
of t h e map a r e a . 

These s t r u c t u r e s o f f e r t h e l i k e l i e s t l o c a l i z a t i o n 
o f s i m i l a r ore o c c u r r e n c e s . The d i f f i c u l t i e s o f adequate 
i n v e s t i g a t i o n a l o n g t h e i r l e n g t h i s s e l f - e v i d e n t , however; 
as a l s o t h e odds a g a i n s t s u c h an o c c u r r e n c e coming t o s i g 
n i f i c a n t o u t c r o p . 
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I n t h i s r e f e r e n c e , the 4 - f o o t s u l p h i d e o c c u r r e n c e 
l o c a t e d i n the upper r e a c h e s o f Red G u l c h canyon might be 
n o t e d . I t o c c u r s i n a s e r i c i t i c s h e a r zone i n r i g h t - h a n d 
o f f s e t t o the o r e b o d i e s , and would seem at l e a s t 100 f e e t 
i n l e n g t h i n almost i n a c c e s s i b l e c l i f f s . A s i m i l a r o f f s e t 
i s e v i d e n t between t h e South and N o r t h O r e b o d i e s , and t h e i r 
r e s p e c t i v e t a l c o s e and s e r i c i t i c s h e a r zones {as mapped by 
D.P.Wheeler). L i m o n i t e b o i l s were a l s o e n c o u n t e r e d i n the 
l i m i t e d r e c o n n a i s s a n c e o f the .East P l a t e a u . 

South o f t h e mine w o r k i n g s , two sheer zones were 
n o t e d ; the one presumably e x t e n d i n g from t h e Red B l u f f M.C. 
a c r o s s the v a l l e y bottom and a c r o s s t h e canyon o f A l l a i r e 

- c r e e k ; and t h e second s o u t h e r l y f r o m S w i n n e r t o n c r e e k t o . 
j e n s e n Mt. The second o c c u r r e n c e r e q u i r e s c l a r i f i c a t i o n , 
and would seem t o be l o c a t e d i n t h e m a r g i n a l phase, p a r t i a l l y 
e n c l o s e d by g r a n i t e . L i m o n i t e b o i l s were n o t e d i n two 
p l a c e s on creek e x p o s u r e s a l o n g t h e West e n t r y t o A l l a i r e 
Ridge» 

The q u e s t i o n o f r e l a t i v e i m p o r t a n c e o f i n v e s t i 
g a t i o n as a l o n g t h e c o n t i n u i t y o f s t r i k e o f t h e o r e b o d i e s , 
and upon the major o f f s e t s o f t h e s h e a r s n o t e d , i s one t h a t 
can o n l y be r e s o l v e d as adequate knowledge o f t h e s t r u c t u r e s 
i s g a i n e d . Observed c l e a v a g e s , however, i n d i c a t e a p a t t e r n 
o f f l e x t u r e i n the g r e e n s t o n e s o f f s e t t i n g w e s t e r l y to t h e 
s o u t h , t o the b o t t o m o f t h e map a r e a a t l e 3 s t . I t i s p a r t i 
c u l a r l y marked on A l l a i r e S i d g e s o u t h a g a i n s t Jensen Mt., 
f u r n i s h i n g t h e g r e e n s t o n e c o n t i n u i t y i n t o upper Hanna v a l l e y . 
A t h i c k e n i n g o f t h e " b e l t " i s a l s o i n d i c a t e d a c r o s s t h i s 
s e c t i o n , r e a c h i n g i n t o t h e r i d g e f l a n k i n g t h e E c s t a l l r i v e r 
on t h e e a s t . 

Lockaby Creek - N o r t h 

T h i s s t r e a m o c c u p i e s a v a l l e y l a r g e l y below t h e 
1 0 0 0-foot e l e v a t i o n , at t h e n o r t h end o f the map a r e a . The 
presumed c o n t i n u i t y o f t h e g r e e n s t o n e b e l t to I t s n o r t h i s 
o c c u p i e d by a p y r a m i d i c a l peak o f about 4200 f e e t e l e v a t i o n . 
I n i t s s o u t h e r l y e x p o s u r e , i t i s l a r g e l y c o v e r e d by a l p i n e 
v e g e t a t i o n and l a c k i n g i n r o c k e x p o s u r e s . 

D r a i n a g e i s n o r t h e r l y , o f f e r i n g the p r o b a b i l i t y 
o f l o w e r r e l i e f i n t h a t d i r e c t i o n . Only v i s i b l e a c c e s s f r o m 
Lockaby creek i s by sharp c l i m b i n g t o a v a l l e y i n g r a n i t e s 
(about 2800 f e e t e l e v a t i o n ) , f l a n k i n g tSie peak on t h e w e s t . 
A p r e l i m i n a r y r e c o n n a i s s a n c e from t h e a i r would r e s o l v e t h e 
q u e s t i o n o f a l t e r n a t i v e a c c e s s , and t h e e x t e n t o f committ
ment r e q u i r e d t o i n v e s t i g a t e t h e " b e l t " i n t h i s d i r e c t i o n . 
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Mine Area - South 

A l e n g t h o f 6 m i l e s o f g r e e n s t o n e b e l t i s p r e 
sumed a v a i l a b l e t o e x a m i n a t i o n from t h e E c s t a l l r i v e r v a l l e y , 
i n i t s course s o u t h from t h e J o h n s t o n c r e e k j u n c t i o n t o the 
Quaal d i v i d e (see 1-mile s c a l e map) e G r e e n s t o n e s have been 
obs e r v e d on Upper E c s t a l l Lake and t h e d i v i d e . 

The r i v e r hugs t h e base o f a r i d g e s t r i k i n g s o u t h 
e r l y from Peak "A", w i t h b r o a d v a l l e y bottoms to t h e west. 
Three o r f o u r wooded s p u r s r i s e w e s t e r l y i n t o bench remnants 
b e f o r e j o i n i n g the m o u n t a i n m a s s i f between th e E c s t a l l and 
C l e a r w a t e r w a t e r s h e d s . S e p a r a t i o n I s e f f e c t e d by A l l a i r e , 
B a l a n , Cox and Durham" c r e e k s . T h e " s p u r s or r i d g e s a r e s i m i 
l a r l y named, upon t h e n o r t h o f each c r e e k . As o b s e r v e d on 
A l l a i r e R i d g e , the bench remnants a r e f u r t h e r chopped up by 
i n t e r v e n i n g w a t e r c o u r s e s . A r e l a t i v e c h a i n o f such a r e a l s o 
found on the west s l o p e s of J e n s e n Mt. 

Two or more base camps w i l l be r e q u i r e d on the 
v a l l e y bottoms to c o v e r t h i s a r e a , w i t h k i c k e r conveyance 
to each s p u r . Temporary l o c a t i o n at upper bench e l e v a t i o n s 
w i l l f u r t h e r e xtend t h e p e r f o r m a n c e o f w o r k i n g p a r t i e s i n 
t h e a r e a s o f maximum v i s i b i l i t y . The l i m i t a t i o n s t o o b s e r 
v a t i o n b o t h above and below t h e t i m b e r e d zone have a l r e a d y 
been n o t e d , however. A p p l i c a t i o n o f g e o p h y s i c a l methods i f 
p r a c t i c a b l e , would hence seem i n d i c a t e d . 

A g e o p h y s i c a l s u r v e y was c o n d u c t e d i n 1 9 3 7 , on t h e 
v a l l e y f l a t s s o u t h o f t h e mine w o r k i n g s . I t had the a p p e a r 
ance o f l a c k i n g r e s p o n s i b l e d i r e c t i o n , competent s u p e r v i s i o n 
a r r i v i n g o n l y near i t s c o m p l e t i o n . S u s p i c i o n was a l s o v o i c e d 
by t h e o p e r a t o r s as t o the competence o f the " s e l f - p o t e n t i a l 1 1 

method as a p p l i e d . I n v i e w o f the t e n d e n c y towards commer
c i a l i z a t i o n o f t h e s e methods, t h e i r a p p l i c a t i o n by s a l a r i e d 
employees o f the Company would seem more s a t i s f a c t o r y . 

C r o s s - s e c t i o n i n g o f t h e m o u n t a i n s l o p e s f o r t h i s 
p u r p ose was not c o n s i d e r e d p r a c t i c a b l e a t t h a t t i m e ; nor was 
i t I n r e l a t i o n t o t h e expense and f o r m a l i z e d s c h e d u l e s o f 
such c o n t r a c t s . A b r o a d p a t c h w o r k o f such work i s p o s s i b l e , 
however; s p e c i f i c a l l y about t h e bench remnants, and on a 
l e s s e r s c a l e upon i n t e r c o n n e c t e d p l o t s I n t h e p a t h o f such 
as the shear s t r u c t u r e s . 
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A i r S u r v e y s & S e r v i c e s 

The q u e s t i o n o f a i r b o r n e g e o p h y s i c a l s u r v e y s 
has been r a i s e d . The s h a r p h i g h c l i f f s o f t h e E c s t a l l 
V a l l e y w a l l s and narrow canyons formed by t r i b u t a r y v a l l e y s , 
y i e l d an i m p r e s s i o n o f extreme h a z a r d from d o w n - d r a f t s t o 
b o t h a i r p l a n e and h e l i o c o p t e r , as viewed from th e v a l l e y 
b o t toms. 

R e v i e w i n g th e l e n g t h o f t h e g r e e n s t o n e b e l t from 
Lockaby c r e e k t o the Quaal d i v i d e from r i d g e e l e v a t i o n s , 
t h e r e w o u l d seem s m a l l n e c e s s i t y o f i n c u r r i n g t h e s e h a z a r d s 
i n t h e c o u r s e o f such work. The tendency o f c l o u d f o r m a t i o n s 
to r e s t about the 2500-foot e l e v a t i o n would i n d i c a t e g r e a t e r 
u s e f u l n e s s o f t h e h e l i o c o p t e r . ' F u r t h e r , t h e ' b r o a d d i s t r i - ' 
b u t i o n and n a t u r e o f the upper bench remnants o f f e r numerous 
l a n d i n g p o i n t s f o r same. 

The e x t e n s i v e use o f t h e h e l i o c o p t e r on t h e Kemano-
K i t i m a t p r o j e c t s o f Aluminum C o r p o r a t i o n , i s i n a d j a c e n t and 
s i m i l a r t e r r a i n * T a r i f f s as s u p p l i e d by t h e F e d e r a l D e p a r t 
ment o f F i s h e r i e s a t P r i n c e R u p e r t , o f e i t h e r v e h i c l e , i s 
$80. p e r hour f r o m p o i n t o f b a se, o r f o r a s e a s o n ' s c h a r t e r 
o f 300 h o u r s . Cost i n r e l a t i o n t o u s e f u l n e s s hence r e q u i r e s 
c o n s i d e r a t i o n . 

F r i z z e l l J?u^crojp_ 

The e x i s t e n c e o f a s u l p h i d e o u t c r o p i n the C l e a r 
w a t e r w a t e r s h e d was d e s c r i b e d by t h e l a t e George F r i z z e l l 
and j"c B« R o e r i g . These were r e s p o n s i b l e p e r s o n s ; and w h i l e 
i t s v a l u e might be q u e s t i o n a b l e , o f t h e e x i s t e n c e o f t h e o c 
c u r r e n c e as such t h e r e s h o u l d be l i t t l e d o u b t . 

R o e r i g d e s c r i b e d i t s l o c a t i o n as w i t h i n a day's 
j o u r n e y from t h e E c s t a l l r i v e r ; and s u p p l i e d a s k e t c h i n d i 
c a t i n g t h e v a l l e y o f R o e r i g Creek. T h i s c o u n t r y i s i n g r a n -
i t s , however; and l a c k s t h e g r a s s l a n d shown i n two p h o t o 
graphs o f the o u t c r o p bench. 

Opening o f a t r a i l i n t o Hanna v a l l e y b r i n g s i t i n 
t o t h e range d e s c r i b e d , and i n t o the west f l a n k o f the g r e e n 
stone b e l t . I n a l l r e s p e c t s , i t would seem t h e l i k e l i e s t 
l o c a t i o n . 

The v a l l e y i s t h i c k i n u n d e r b r u s h , and w i t h numer
ous snow and r o c k s l i d e s . I t has been e s t i m a t e d t h a t f r o m 
f o u r t o s i x weeks would be r e q u i r e d t o s c o u t i t t h o r o u g h l y , 
w i t h t h e crew as was c o n s t i t u t e d . R e l a t i v e t o i t s moderate 
e l e v a t i o n , October would p r o v i d e t h e i d e a l month i n n o r m a l 
y e a r s . . . r,r,. 

Y o u r s v e r y t r u l y , 

"Ko E. Mason" 
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FART I ~ INTRODUCTION 

The property consists of 21 crown granted mineral claims, 920 
acre3 t o t a l area, end adjoining surface rights to two land purchase lo t s 
104*9 acres i n area.. I t i s located on the Ec s t a l l river, 34,5 miles up
stream from i t s junction with the Skeena ri v e r estuary. The Skeena i s 
the second of the two major rivers of B r i t i s h Columbia, entering the 
Pacifi c Ocean about 15 miles south of the port of Prince Rupert, B„ C 
(See Dwg. l ) . 

The E c s t a l l r i v e r flows northerly, through a broad, lew g l a c i a l 
valley i n the Coast Range mountains, paralleling the coast l i n e 16 miles 
to the east. The southerly portion of this trench Is occupied by the 
Quaal r i v e r , a lesser stream, meandering southerly Into the Douglas 
Channel, This l a t t e r i s a deep-sea Indentation from the open Pacific at 
the head of which i s located the Kitimat plant of the Aluminum Company 
of Canada. 

The topography i s extremely rugged, the mountains r i s i n g sharply 
from the valley floor to a general elevation of 40*00 feet» There i s ample 
low ground on the property, however, to accommodate major plant and camp 
inst a l l a t i o n s . 

Precipitation i s heavy, ranging from 130 inches to 200 inches 
annually. The low ground thus i s thickly timbered with big spruce, f i r , 
hemlock and cedar, and with dense underbrush, typical "rain forest". " The 
valley walls rise sharply to timber line between 3000 feet and 3500 feet 
elevation above sea l e v e l ? however, with widespread c l i f f exposures bare 
of s o i l or vegetation. Runoff therefore i s high, quickly affecting water 
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PART I - INTRODUCTION (cont'd): 

levels cf the upper Ec s t a l l and i t s tributaries* Winters on the whole are 
mild, but very heavy f a l l s of wet snow occur, usually followed by r i s i n g 
temperatures find rain. From two to three feet of wet snow may l i e on the 
river f l a t s as late as March. 

Access to the property i s by water route from Prince Rupert 30 

miles to the Skeena-Ecstall junction, thence 34=5 miles to the property. 
The lower 23.7 miles of the Ec s t a l l i s available to boats of five to six 
feet draught within 4 hours about the peak of a 16-foot tide. A boat of 
42-inch draught can reach within j$y miles of the mine wharf on a l6-ft*bt 
tide. Tidal highs range from 14 feet to 22 feet with lows down to zero as 
gauged at Prince Rupert harbour. Tides of 16—feet height and over form 
.about 75 per cent of a l l tides. During the winter, however, the r i v e r i s 
closed to navigation for an average of six weeks by d r i f t ice packed by 
the motion of the tides. For the l a s t six" miles below the property this 
closure may extend through December, January and February, and occasionally 
for short periods i n November and March. 

The property was diamond d r i l l e d by the Granby Consolidated 
Mining, Smelting & Power Company Ltd,, i n 1917, 1913 and 1919.. It was 
acquired for the Texas Gulf Sulphur Company i n 1937, and check d r i l l e d 
that summer. Camps were erected and a plant installed the following 
summer. An 8' x 9* adit was driven to examine the ore occurrences under
ground seme 300 - 450 feet below the outcrops during the succeeding two 
seasons, and further diamond d r i l l i n g done from this working. Subsequently, 
additional diamond d r i l l i n g was done from underground in 1952 which traced 
the South Lense to a depth of roughly 1000 feet below the adit l e v e l . 
Several sets of plans and sections of the orebodies have been made at 
various times and are i n the Company f i l e s . These have been drawn upon to 
estimate the figures of ore reserves used i n this report. 
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ORE OCCURRENCES 

They have been described i n d e t a i l in the Granby and Texas Gulf 
Sulphur Company's records. Briefly, the ore occurs as massive pyrite 
replacement i n the form of two lenses said to be localized by folding along 
a major shear a These lenses are 1000 and 1750 feet long north and south 
lenses respectively, from 75 - 150 feet wide i n the f i r s t instance and 20 — 
50 feet wide i n the second. They occur i n echelon as shown i n the attached 
Bwg. 5 ? which also shows the development done upon them. The North Lense 
has bottomed about -100 feet sea l e v e l , while the South Lense remains open 
at -960 feet elevation. 

The pyrite occurs i n equigranular grains, and comprises from 90 
to 95 per cent of the ore mass. Associated are chalcopyrite, sphalerite 
and some pyrrhotite. A l i t t l e lead and traces of arsenic are found also. 
A calcite-quartz-sericite gangue constitutes about 5 per cent of the whole. 

A feature of this occurrence i s i t s f a i l u r e to produce a gossan 
i n weathering. It breaks down leather into a sand composed of pyrite grains, 
which seem to retain their identity i n d e f i n i t e l y . An ore dump l e f t by 
Granby appeared thuswise 20 years l a t e r . Same can also be observed along 
the outcrops on Red Gulch creek. 

ORE TONNAGES 

These have been severally estimated on the basis of the Texas 
Gulf Sulphur Company's work with minor variations i n t o t a l . The following 
figures can be considered representative: 

North Lense_ South Lense Total 
Above Adit Level 2,814,000 824,500 3,638,500 

Adit Level to -100' elev. 586,000 646,000 1,232,003 
-ICO1 elev. to -9601 elev, - 2,712,500 2,712 f50o 

Totals 3,400,000 4,183,000 7,533,000 
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ORE GRADES 

The following l i s t s the number and source of diamond d r i l l 
intersections from which the ore grades are estimated, including the 
figures: 

ore 
Granby 

North Lense 

Heles D r i l l e d 
Ore Intersections 
Feet D r i l l e d 
Feet i n Ore 
Assays, Au. ozs. 

Ago ozs. 
Cu.# 
Zn.# 
Tp„ -J 
£Qu7*> 

T.G.5. 
33 
23 

9481 
3140 

.015 

.50 

.80 
2<0 

43.5 
49.5 

, Granby; 
22 
21 

8365 
4276 

. 0 2 
«74 
. 3 5 

2 . 2 

South Lense, 
(to -1001 el.) 

T.G.S. Granby 

South 
(-100: tc 

T.G. 
-960'el 
_0nl£ 

6 
6 

1009 
172 

835 
265 

594-3 

.013 

.90 
3 . 1 

41.0 
47.5 

»01 
:60 
.50 

2 0 9 

?) 
?) 
c28 

2.9 
•1.5 
-7.6 

Development since 1937 has been aimed primarily at evaluating the 
pyrite potential, other metal values being considered incidental. The above 
data Is adequate for the purpose having regard to the uniformity of the pyrite 
occurrence throughout the deposit. I t cannot be considered equally SQ i n 
relation to the Irregularities of copper and zinc distribution, and the gold 
and s i l v e r values that report largely with the chalcopyrite. 

However, examination of the d r i l l sections (including Granby's) 
suggest that a reasonably characteristic analysis of the North Lense as a 
whole can be obtained from averaging the d r i l l cores. D r i l l i n g of the South 
Lense i s less extensive, and relatively scanty below-100 feet elevation. 
Some additional d r i l l intersections at and above the adit level would be 
useful to confirm the current ore grade estimate or otherwise. Estimates 
below the -100 feet elevation are based on four intersections only, and 
require more detailed investigation. 
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ORE GRADES (cont'd): 

The following are the ore grades used i n this report: 

An,. Afo #Cu. 
North Lense ,015 .50 .30 
South Lense, above -1001

 o 0 1 3 .80 .90 
South Lense, below -100' (?) (?) „2Q 

(?) Lacking assays. 

2.0 
3.1 
2 . 9 

'̂g.r.. 
43.5 
41=0 
41=5 

49-5 
47=5 
47.6 

PRODUCTION POSSIBILITIES 

World sulphur production i n relation to markets present and fore
cast Is such as to preclude profitable production of pyrite from this deposit. 
Massive tonnages are reported stockpiled elsewhere as sales outlets are 
becoming more d i f f i c u l t to fi n d . Current quotations range about S4 per ton, 
less commissions. 

Failing profitable pyrite production there remains the following 
p o s s i b i l i t i e s : 

PROPOSAL A Production of a copper and a zinc concentrate, or 
a combined copper—zinc concentrate. 

PROPOSAL B Production of a copper concentrate fromninlng selected 
sections of the orebodies containing higher copper 
values. 

PROPOSAL_C Reduction of pyrite residues from each of the above to 
iron and sulphur products for separate sale or disposal. 

There appears to be an increasing market f o r copper and zinc 
concentrates and iron- ores i n Japan. Several major Japanese trading companies 
now maintain offices and technical representatives i n Vancouver, They'are 
responsible currently for the existence of B r i t i s h Columbia's iron production 
and have contracted for the bulk of i t s production of copper concentrates. 



PRODUCTION POSSIBILITIES (cont*d): 

In some instances they have provided funds f o r capital outlays i n advance 
of contracted production. 

Quotations were asked of the Sumitomo Metal Mining Company Limited 
and Ataka (Canada) Limited specifically i n connection with quantities and 
grades of concentrates estimated i n this report. Terms of existing contracts 
and shipping f a c i l i t i e s were also considered. These included the 
published smelter schedules of the T r a i l Smelter of the Consolidated Mining 
& Smelting Company of Canada for zinc, and of the Tacoma Smelter of American 
Smelting & Refining Company for copper. 
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May 31, 1961 

NOTES ON E C S T A L L RIVEH MINE ORE 

SUMMARY: 

Treatment of this ore, as advocated by Mr. H, MacDonald, would not be 
economic, even with the higher copper and zinc p r i c e s . 

Treatment recommended for the recovery of the copper, zinc, gold and 
s i l v e r is floatation of a l l the tonnage after it has been crushed and ground 
to pass a 40 mesh or, i f found necessary, a 65 mesh screen. As shown 
late r on, the estimated or probable production f r o m average feed grade of 
.86% Cu., 2.2% Zn., and .2% Pb. would be as follows -

29. 25 tons Copper concentrate assaying 25% 
Cu., .45 oz. Au. and 17 oz. Ag. 
30 tons Zinc concentrates of 5 5 % grade. 

Value of this at a shipping point would amount to $5. 10 per ton of ore mined, 
as shown lat e r on in the report. 

Production of high grade ir o n , assaying 66% or more, can be made by 
roasting of floatation t a i l i n g . This grade of i r o n would be worth about 
$9.00 per ton at shipping point provided copper content could be kept at 
. 1% Cu. or lower. As roasting to either magnetite or hematite would 
lower tonnage of t a i l i n g by about 30%, the copper content of t a i l s would 
have to be kept at .07%. No trouble would be experienced i n making a 
calcine of 2% S. The Dorr FTuo-Solid roaster, or mostly any type of roaster, 
can produce a low sulphur calcine. However, roasted calcine would have to 
be sintered before shipping to Japan. Cost of this, plus transporting from 
the mine to P r i n c e Rupert, would be about $5.50 per ton. 

Sulphur would almost certainly have to be removed f r o m the roasting gas, 
either as elemental sulphur, acid or l i q u i d dioxide. 

Capital cost of a plant for roasting and sintering Iron would run about a 
m i l l i o n d o l l a r s . F o r removal of the sulphur, cost of plant would dejpend 
on method of r e c o v e r y in the form which could be sold. 

(1) ORE R E S E R V E S : 
Au. 

Tons oz. oz. % % % % F e . S. 
Au. Ag. Cu. Zn. Pb. As. 
oz. oz. % % % % 
. 02 . 74 .86 z. z . 2 .07 
. 028 .52 2.0 

3, 800,000 .02 .74 .86 2.2 .2 .07 42.7 49.3 
450,000 

The de s c r i p t i o n of the ore body, as set out in the report of H. MacDonald, 
is ;i s follows: 

90% of pure r c c r y s t a l l i z e d pyrite of even sized grains makes up the bulk of 
the body, with the remaining 10% c a r r y i n g the Cu., Zn., Pb., Au. and Ag. 
This s m a l l f r a c t i o n occurs in the i n t e r s t i c e s between the r e l a t i v e l y coarse 
pyrite c r y s t a l s . On account of this the report suggests the whole mass be 
lightly crushed to free the cryst a l s of pyrite, at the same time grinding 
these as l i t t l e as possible so they can be screened out, leaving a fine residue 
containing the bulk of the economic m i n e r a l s . 

(2) P R E L I M I N A R Y TREATMENT: 

The p r e l i m i n a r y treatment, as outlined, i s to crush and grind fine enough 
to d i s c a r d about 80% of the tonnage mined. Laboratory crushing to minus 
10 mesh on , 7% Cu. shows the following: 
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% Wt. % Cu. Cu. D i s t . 

4-40 M, 53 . 5 3 8.0 
-40 M. 47 .93 62.0 

-f 100 M. 85.4 .48 60.0 
-100 M. 14.6 1.96 40. 0 

4-120 M. 91.0 . 52 68.0 
- 3 20 M. 9.0 2.5 3 2.0 

c 

The above figures show that grinding as coarse as this, i . e . -10 M., is of no-
value whatsoever. 

Lab. testing, grinding dry and screening everything through 40 mesh and then 
rescreening through 100 mesh showed the 33,3% of minus 100 mesh to contain 
70% of the copper at 1.96% grade from a .73% Cu. head assay. 

F u r t h e r tests run by water c l a s s i f i c a t i o n , and I assume, of about the same 
screen analysis, gave s i m i l a r results as dry screening. The m e t a l l u r g i c a l 
balance shown below i s about what could be expected when crushing and g r i n d -
ing the ore to a l l minus forty mesh and then screening out or washing out the 
minus 100 mesh to concentrate the copper, z i n c , sold and s i l v e r 

A s s a y D i s t r i b u t i o n 
Tons % Wt. Cu. Au. Ag. Zn. Cu. Au. Ag. Zn. 

Feed 3, 800,000 100 .86 . 02 .74 2.2 100 100 100 10C 
Co net. 760,000 20 3. 22 .047 2.6 7.7 75 47 70 70 
T a i l s 3, 040,000 80 . 27 .011 . 27 .62 25 53 30 3C 

Products 100 .86 . 02 .74 2. 2 100 100 100 10C 

The results of these tests indicated it would mean that only 200 tons a day would 
have to be treated from mining, crushing, grinding 1, 000 tons a day and, while 
the eighty percent discarded i s high in both Copper and Zinc, it was advantageous 
as treatment by floatation was not considered possible. D i r e c t smelting, or 
roasting, followed by leaching and production of sulphuric acid were the two 
methods contemplated, and hence capital costs would be so much lessened as 
to make this treatment v e r y at t r a c t i v e . 

R E COMM. EN DE D TRP1A TMENT: 

While grinding this ore a l l minus 40 mesh may not be fine enough to give optimum 
re c o v e r i e s of Copper and Zinc, i t c e r t a i n l y can be floated at this g rind. This 
means that the only additional capital expenditure w i l l be for the extra float 
canacity. To crush and grind 1, 000 tons somewhat f i n e r , say to minus 65 mesh, 
w i l l cost very l i t t l e more than the 40 mesh. 

Of course it is absolutely essential that much more floatation testing be c a r r i e d 
out than has been done. The few tests run have a l l been on feeds differing widely 
f r o m the average Copper, Zinc, assay. The three tests run by the Bureau of 
Mines in 1948 convey the most information, but were run on ore assaying 1.26% 
Cu. and .65% Zinc and ground to 74% minus 200 mesh. 

Results follow: 
TEST NO. 2 

Rougher Cu. Cone. 
Rougher Zn. Cone. 
T a i l s 

Computed 

% Wt. 

9.-23 
2. 76 

S8.01 

100. 0 

Cu. 
13. 2 
1.7 

1. 26 

Zn, 

2.7 
14.3 

.04 

.65 

Cu. • 

96.5 
3.5 

100. 0 

Zr.. 
3?. 1 
55.6 
5.3 

100.0 

The above shows excellent recoveries in the roughing c i r c u i t but reagent consump
tion, especially lime, is very high. The cleaning work was poor. The results 
these and also of e a r l i e r tests show the need for an extensive floatation campaign. 



-3- O A 
F r o m these few tests I judge a Copper grade of 25% with 85% recovery, arid of 
Zinc a 55% grade with a 75% recovery can be achieved. The following m e t a l 
l u r g i c a l balance shows a probable m i l l run. 

Due to high pyrite content of the ore, floatation w i l l require higher reagent • 
consumption than a normal ore, so that the cost of m i l l i n g may run f r o m $1.40 
$1.50 per ion for a 1, 000 ton operation. 

E S T I M A T E D M E T A L L U R G Y - 1,000 TON .-86% CU. ORE 

[ -*> 

A s s a y D i s t r i b u t i o n 
Tons % Wt. Au. Cu. Pb. Zn. Au. Ag. Cu. Pb, 

Feed 1, 000 100. 0 . 02 . 74 .86 .2 2. 2 100.0 100. 0 100.0 ioo.: i o r 
Cu. cone. 29. 25 2.925 .47 17.0 25.0 3.5 7.0 68.6 70.0 85.0 50. D 
Zn. cone. 30. 00 3. 00 . 03 1.0 2.2 1.0 55.0 4.5 4.0 7.9 15.: / 7r 
T a i l s 940.75 94.08 .006 . 2 .065 .07 .34 26.9 26.0 7. 1 35.: -

100.00 .02 .74 .86 .2 2.2 100. 0 100.0 100.0 100. D , 100 

E S T I M A T E D V A L U E CU. AND ZN. C O N C E N T R A T E 

1, 000 tons of .86% Cu., m i l l e d as above 

29. 25 tons Cu. Concentrates 
30 tons Zn. Concentrates 

Copper figured at 20</ per pound 
Zinc figured at 44 per pound 
Au. at $35.00 per oz. 
Ag. at 90</ per oz. 

$ 3, 864. 00 
$ 1,320.00 

$ 5, 184.00 

1, 000 TON M I L L : 

The attached flow sheet covers the equipment necessary to float 1, 000 tons per 
day. .The rod and b a l l m i l l shown should provide a feed of minus 65 mesh if 
this i s found to be necessary. 

Cost of such a plant, i f equipped with new equipment, w i l l run at least $1, 250. 01 
per ton, or $1, 250,000.00. This price could be lowered to, perhaps, half of 
this or from six to seven hundred thousand dollars i f used equipment i s bought. 

Power consumed w i l l run about 16 K.W. h r s . per ton, and water requirements 
w i l l be 410 Imp. G. M. 

Two men w i l l be needed f o r the one shift crushing and two operators and one 
^ helper on each of the floatation shifts, i . e . a total of eleven men. 

i 
Cost of treating a Copper, Zinc ore with smaller amounts of pyrite, say 10 to 
15%, should not exceed $1. 15 to $1.20, but the extra rea-gents which may be 
needed in treating a 90% p y r i t i c ore such as this might increase m i l l i n g costs 
to $1.40 to $1.50 per ton. F o r this reason i t i s essential that a thorough testing 
programme be c a r r i e d out to establish the most economic grind and reagent 
b a l a n c e • 
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R e p o r t by Dolsjage, Mason and S t e v a r t , E c s t a l l R i v e r Mine J u l y , 1961. 

I n t h o i r r e p o r t on the E c s t a l l R i v e r s u l p h i d e d e p o s i t , • DoImage, 

Mason and Stevvart have c o n s i d e r e d t h r e e p r o p o s a l s f o r the m i n i n g o f 

t h e ore b o d i e s . 

One p r o p o s a l (B) t o mine 400,000 t o n s o r r o u g h l y 2£ copper ore 

f r o m s e l e c t e d p o r t i o n s o f t h e ore body, 200 t o n s d a i l y r a t e , t o t a l l i f e 

5.5 y e a r s , f a i l s t o r e c o v e r t o t a l c a p i t a l o u t l a y . 

The second p r o p o s a l (A) .of m i n i n g 5,386,000 tons r e a d i l y r e c o v e r a b l e 

o r e t o 500 f e e t below a d i t l e v e l , a t t h e r a t e o f 1000 tons p e r day, ever 

a p e r i o d o f 15 y e a r s , and p r o d u c i n g c o p p e r and z i n c c o n c e n t r a t e s , would 

r e c o v e r t o t a l c a p i t a l o u t l a y and p r o v i d e s l i g h t l y more than- 9$'return 

on c a p i t a l i n v e s t m e n t . U s i n g t h e i r f i g u r e s o f e s t i m a t e d p r o f i t s the 

f o l l o w i n g f i g u r e s a p p l y : 

P r e s e n t V a l u e F u t u r e E a r n i n g s a t $3,330,100 

C a p i t a l O u t l a y 

Immediate $2,300,000 

P r e s e n t V a l u e 

$576,500 i n yrs.&5£ 351,460 

P r e s e n t Book V a l u e 728,170 

$3,2793630 

Balance 50,470 
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?he t h i r d proposal ( c ) i s * based' upon, r o a s t i n g 160 tons or p y r i t e 
d a i l y i n a d d i t i o n t o producing copper and si n e concentrates from a 
1000 ton d a i l y o p e r a t i o n over 15 years as above. This c a l l s f o r 
d i s p o s a l o f fch^ sulphur products t o the atmosphere or water and the 
roa s t U n i t of 160 tons per day considered t o be the na^jsuia a l l o w a b l e . 
C a p i t a l i s recovered i n 1£ years p r o y i c l i n g n e a r l y 13$ return, on c a p i t a l 
investment. The f o l l o w i n g f i g u r e s a p p l y ; . . . .. .. . 

Present Value f u t u r e Earnings a t 13jS 4,310,340 
; (_Kew. C a p i ^ X ^ ^ 4kfr?A$&*$% o f » v ; - ^ . 
. Present Bool: ValUQ.. ,% , 78.3,3.70,- ...... . 

;. . T o t a l C a p i ^ r . , ! 4 - r ^ . &3 5 0.350 . -
.... . . . . „ Balance .. (3&ft&>) ... 

I t i a i n t e r e s t i n g t o note t h a t an increment of n e a r l y 4£ r e t u r n 
a r i s e s - b y r o a s t i n g 260 tons'of p y r i t e d a i l y . " Approval o f &iscbar#5 
ofr'"the r e s u l t i n g ' s u l p h u r rpr6duci;-3 i;b !'th& atraosphere or vsater" sliod 'is 
dubious. I t would be o f i n t e r e s t , however, 1 t o study tha oconomcs 
f o r t o t a l p r o c e s sing o f p y r i t e u s i n g the TGS-Inco method, o r the l i i l l 
process and recover botlr s u l p h u r and i r o n . ~v 

1 r 

.0. k 
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INTRODUCTION 

T h i s r e p o r t I s a s y n t h e s i s o f p r e v i o u s r e p o r t s 

on the E c s t a l l p r o p e r t y . E x c e r p t s and i n f o r m a t i o n from 

the f o l l o w i n g r e p o r t s have been I n c l u d e d . They have not 

n e c e s s a r i l y been acknowledged. 

P r o d u c t i o n P o s s i b i l i t i e s , E.S. Mason (Dolmadge, Mason and 
S t e w a r t L t d . ) 1961 

G e o l o g y , H . Douglas (T.G.S.) 1953 
G e o l o g i c R e p o r t , W. H o l y k (T.G.S.) 1952 
Ore E s t i m a t e s , H. Douglas, 1953 
N o r t h e r n P y r i t e s , 2fo Copper Ore, E. E. Mason, 1941 
T r a n s p o r t a t i o n and Tonnage P o s s i b i l i t i e s , E.E. Mason, 19^1 
Granby R e p o r t s , H.J.C. MacDonald (Granby) 1917, 1918, 1920 

( 



DESCRIPTION 0? THE PROPERTY 

L o c a t i o n 

The p r o p e r t y c o n s i s t s o f 21 p a t e n t e d c l a i m s , 920 

acnes i n a r e a , p l u s 105 a c r e s a d j o i n i n g s u r f a c e r i g h t s . I t 

i s l o c a t e d on t h e E c s t a l l R i v e r m i l e s s o u t h from i t s 

j u n c t i o n w i t h t h e Skeena R i v e r about 6 m i l e s from I t s mouth. 

The mouth of the Skeena i s about 15 m i l e s s o u t h o f P r i n c e 

R u p e r t , B.C. (Drawing l ) 

T r a n s p o r t a t i o n 

The E c s t a l l R i v e r f l o w s N.N.W, i n t o the Skeena i n 

a b r o a d low g l a c i a l v a l l e y . The v a l l e y e x t e n d s s o u t h e r l y 

from the mine about 30 m i l e s t o Douglas Channel where t h e r e 

i s deep w a t e r . 

The E c s t a l l i s not n a v i g a b l e a t the mine. D i s t a n c e ; 

from the mine a t w h i c h v e s s e l s of d i f f e r e n t d r a f t s can t r a v e l 

a r e as f o l l o w s : 

?A&^L D i s t a n c e D r a f t W i t h t i d e o f Time 

Mine wharf 0 l o i n . 18 f t . 
" " 0 30 i n . 18 f t . 1 h r 

F r i z z e l l ' s 3 i n i l . 42 i n . 18 f t . 
C l e a r w a t e r 5 5 t o 6 f t . 19 f t . 2 h r 
T e r m i n a l 3 6£ " 15 " 16 f t . 4 h r 
S p a l d i n g ' s 10 :I " " low w a t e r 
B a l m o r e l - 35 48 f t . " !l 

75^ o f t i d e s a r e o v e r l o f t . 
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The t r a n s p o r t a t i o n a l t e r n a t i v e s a r e t h u s : 

1. a H a i l o r r o a d from mine t o scow l a n d i n g , 3 i t o 10 

m i l e s o r 10 m i l e s depending on d r a f t o f scow and 

the degree o f independence from t i d e s r e q u i r e d . 

O c c a s i o n a l pack i c e j u s t below the mine i n w i n t e r 

might a l s o be a f a c t o r i n making the r a i l w a y l o n g e r 

r a t h e r t h a n s h o r t e r . 

b Scow f r o m E c s t a l l R i v e r r a i l t e r m i n a l t o deep w a t e r 

a t B a l m o r e l o r P r i n c e R u p e r t . 

c S h i p f r o m B a l m o r e l o r P r i n c e R u p e r t . 

2. a R a i l o r r o a d 23 m i l e s s o u t h t o connect w i t h - D o u g l a s 

Channel. 

b S h i p f r o m Douglas Channel. 

C l i m a t e 

P r e c i p i t a t i o n i s heavy, from 130 t o 200 I n c h e s . 

P l a s h f l o o d s a r e common. W i n t e r s a r e m i l d so t h a t snow-

c o v e r r a r e l y exceeds 3 f e e t e x c e p t i m m e d i a t e l y a f t e r snow

storms. Pack I c e i s b r o u g h t i n by t i d a l a c t i o n d u r i n g t h e 

w i n t e r from t h e Skeena, c l o s i n g the whole r i v e r f o r about 

6 weeks, and t h e 6 m i l e s t r e t c h i m m e d i a t e l y below t h e mine 

f o r 3 months o r more. 
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D 

H i s t o r y 

The p r o p e r t y vvas d i a m o n d - d r i l l e d by Granby 

C o n s o l i d a t e d I n 1917, 1918 and 1919. I t was a c q u i r e d by ' , 

the Texas G u l f S u l p h u r Company i n 1937 and f u r t h e r d r i l l i n g 

was c a r r i e d out from t h a t t i m e u n t i l 1940. An 6 1 x 9' a d i t 

was d r i v e n some 3 0 0 - 4 5 0 f t . b e l o w the o u t c r o p and 80 f t . above 

sea l e v e l . I t extends 2 , 7 ^ 0 f t . , w i t h an a d d i t i o n a l 642 f t . 

o f c r o s s c u t s and 5o2 f t . .of r a i s e . F u r t h e r d r i l l i n g was 

c a r r i e d out i n 1 9 5 2 . 

Ore O c c u r r e n c e s 

s t r i k e N-S and d i p about 80°E, and a r e known as the N o r t h 

and South Lenses. There a r e i n d i c a t i o n s o f a t h i r d l e n s t o 

the e a s t o f t h e N o r t h Lens. (See i s o m e t r i c b l o c k diagram, 

Drawing 2.) The N o r t h Lens o u t c r o p s a t about 600 f t . above 

sea l e v e l and bottoms out a t 100 f t . below sea l e v e l . I t I s 

1 , 0 0 0 f t . a l o n g s t r i k e and has a maximum w i d t h of 150 f t . 

The t h i c k n e s s i s c o n t o u r e d I n Drawing 3* I t bottoms out 

a b r u p t l y w i t h no c o n t i n u a t i o n o f s t r u c t u r e . The South Lens 

measures 1 ,750 f t . a l o n g s t r i k e and has a maximum t h i c k n e s s 

of 50 f t . I t remains open a t 9-50 f t . below sea l e v e l . -The 

t h i r d l e n s i s s p o t t y n e a r the o u t c r o p but has n o t been t e s t e d 

a t depth. 

The ore o c c u r s I n two en e c h e l o n l e n s s. They 
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The p y r l t e o c c u r s i n e q u i g r a n u l a r g r a i n s r a n g i n g 

f r o m c o a r s e t o e x t r e m e l y f i n e and ma s s i v e . I t does n o t 

form a gossan, b u t d i s i n t e g r a t e s t o a p y r i t e sand. About 

9 0 ^ o f the ore i s p y r i t e , 5£> p y r r h o t i t e , s p h a l e r i t e , c h a l c o 

p y r i t e and g a l e n a , and 5$ c a l c i t e - q u a r t z - s e r i c i t e gangue. 

Tonnages 

Mason's l a t e s t f i g u r e s ( t h i c k n e s s 10 f t . o r g r e a t e r ) 

a r e ( s h o r t t o n s ) 

N o r t h Lens South Lens T o t a l 

Above a d i t l e v e l 2 , 8 1 4 , 0 0 0 8 2 4 , 5 0 0 3 , 5 3 8 , 5 0 0 
A d i t t o - 1 0 0 f t . 5 3 5 , 0 0 0 546 , 0 0 0 1 , 2 3 2 , 0 0 0 
- 1 0 0 f t . t o - 9 o 0 f t . _ 0 2 , 7 1 2 , 5 0 0 2 , 7 1 2 , 5 0 0 

3 , 4 0 0 , 0 0 0 4 , 1 8 3 , 0 0 0 7 , 5 8 3 , 0 0 0 

Douglas a r r i v e d a t a f i g u r e o f 7 , 7 8 5 , 0 0 0 t o n s . W i t h t h e S o u t h 

Lens open a t d e p t h i t seems s a f e t o assume a t o t a l o f more t h a n 

8 , 0 0 0 , 0 0 0 t o n s . 

Grades (Mason) 

Au Ag 
N o r t h Lens 0 . 0 1 5 0 . 5 0 
S.Lens above 

- 1 0 0 ' 0 . 0 1 3 0 . 8 0 
S.Lens below 

- 1 0 0 1 ? ? 

Cu Zn Fe s 

0 . 8 0 2 . 0 A? • —* * 5 49 • 5 

0 . 9 0 3 . 1 4 1 . 0 47 . 5 

0 . 2 3 2 . 9 4 1 . c J 47 . O 

Grades (Douglas) 

Cu Zn 

S.Lens above - I 0 0 1 0 . 9 3.1 
S.Lens below -100 1 0 . 2 8 2 . 9 
S.Lens Average 0 . 4 4 2.95 

Remainder s i m i l a r t o Mason's. 
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I t can "be seen t h a t the ore can be d i v i d e d i n t o 

two s e c t i o n s , 4 , 8 7 0 . 0 0 0 tons w i t h around 0 . 8 5 $ Cu and 2 . 2 ^ 

Zn and 2 , 7 0 0 , 0 0 0 i n the l o w e r p a r t o f the South Lens w i t h 

0 . 3 $ C u a r i d 2 . 9 $ Zn. However, d r i l l i n g a t d e p t h was aimed 

p r i m a r i l y a t d e v e l o p i n g p y r i t e p o t e n t i a l . There a r e o n l y 

s i x ore i n t e r s e c t i o n s below - 1 0 0 f t . i n t h e South Lens, and 

w h i l e t h e s e a r e r e a s o n a b l y adequate t o a s s e s s t h e p y r l t e , 

w h i c h i s a p p a r e n t l y c o n t i n u o u s , they a r e n o t enough t o g i v e 

a r e l i a b l e e s t i m a t e o f the somewhat e r r a t i c c o p p e r v a l u e s . 

I n f o r m a t i o n A v a i l a b l e 

N o r t h Lens South Lens Below - 1 0 0 
t o - 1 0 0 1 

TGS Granby TG3 Granby TGS 

H o l e s D r i l l e d 33 22 6 5 ' 11 
H o l e s i n ore 23 21 6 5 6" 

F e e t d r i l l e d 9481 8365 1009 885 5948 
F e e t I n ore 3140 4276 172 265 2 o l 

I t can be seen t h a t the N o r t h Lens, w i t h 44 i n t e r 

s e c t i o n s and Y , 4 l 6 f t . i n o r e , i s w e l l e s t a b l i s h e d . 

H i g h Grade Copper Ore (2$). 

Copper v a l u e s t e n d t o a g r e a t e r c o n c e n t r a t i o n • i n 

t h e ' f o o t w a l l o f the N o r t h Lens (Drawing 4 ) . T h i s ore c o u l d b 

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



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

e s t i m a t e d as : 

Tons (' M Au Cu 

Ma s on 4 0 0 , 0 0 0 0 . 0 2 3 0 . 5 1.9 

4 2 5 , 0 0 0 0 . 0 2 8 0 . 5 2 1 . 8 5 

MacDonaId 6 2 3 , 2 0 0 0 . 0 3 0 . 8 0 1 ,89 
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V75L0PMBNT PROPOSALS 

P r o p o s a l A (Mason) 

P r o d u c t i o n o f a copper and a z i n c c o n c e n t r a t e 

o r a combined c o p p e r - z i n c c o n c e n t r a t e . 

P r i m a r y Development 

P r i m a r y development i s l a r g e l y completed, but• 

a bout 4 5 , 0 0 0 f t . o f d i a m o n d - d r i l l i n g i s recommended. 

Stope Development 

The m i n i n g method p r o p o s e d i s s u b - l e v e l s t o p i n g 

u s i n g p e r c u s s i o n d r i l l s t o r i n g - d r i l l 3 I n . d i a m e t e r b l a s t 

h o l e s . No more t h a n t h r e e r i n g s need be b l a s t e d a t any one 

time t o m a i n t a i n b r o k e n ore r e q u i r e m e n t s so the r i s k of 

spontaneous combustion w i l l be v e r y s m a l l . 

The p a t t e r n o f s t o p e development o r p r e p a r a t i o n 

i s l a i d down i n Dwg. 5- These l a y o u t s a r e shown a p p l i e d t o 

a c e n t r a l b l o c k o f the orebody c o m p r i s i n g the major b u l k o f 

the N o r t h Lens. Remaining t o t h i s orebody n o r t h and s o u t h 

o f t h i s i n i t i a l s t o p e b l o c k a r e l e s s e r tonnages f o r s e p a r a t e 

development of s i m i l a r p a t t e r n . T h i s d i s p r o p o r t i o n a t e d i v i 

s i o n o f t h e orebody i s made t o y i e l d optimum e x t r a c t i o n 

p e r f o r m a n c e and c o s t s f o r the g r e a t e s t p a r t of the orebody; 

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

" s l o t t i n g " t o the development of t h e i n i t i a l stope b l o c k . 



The i n i t i a l s t o p s b l o c k i s e s t i m a t e d t o c o n t a i n 

1,543 , 0 0 0 t o n s . Of t h i s , 1 6 8 , 0 0 0 t o n s i s t i e d up i n the 

f l o o r p i l l a r , and a n o t h e r 354 , 0 0 0 tons i n the 5 0 - f o o t c e n t r a l 

p i l l a r shown on the p l a n . Such a p i l l a r i s a s e n s i b l e p r e c a u 

t i o n i n an e x c a v a t i o n o f t h i s s i z e i n u n t e s t e d ground. There 

I s e v e r y r e a s o n t o b e l i e v e i t w i l l be s u c c e s s f u l l y e x t r a c t e d , 

however. S i m i l a r p r e c a u t i o n a r y s u p p o r t p r o b a b l y I s n e c e s s a r y 

i n the n o r t h and s o u t h stope b l o c k s . These l a t t e r would n o t 

appear r e q u i r e d beyond h a l f the v e r t i c a l d i s t a n c e s I n each 

i n s t a n c e . The t h r e e s t o p e b l o c k s a r e shown d i v i d e d v e r t i c a l l y 

I t may be f o u n d t o g r e a t e r advantage i n the d i s t r i b u t i o n and 

e x t e n t o f p i l l a r s u p p o r t t o mine p a r a l l e l t o the plunge a n g l e 

o f the orebody. Such would n o t a l t e r development r a t i o s and 

c o s t s t o any p r a c t i c a l e x t e n t , however. 

About 8,5^5 f e e t o f stope development work would be 

r e q u i r e d t o mine th e 1,475,000 t o n s i n v o l v e d above the f l o o r 

p i l l a r . Of t h i s 5,995 w a l l need t o be c o m p l e t e d b e f o r e produc 

t l o n b e g i n s . 

A f u r t h e r 2,846 f t . of development would be needed 

t o r e c o v e r t h e 1 5 8 , 0 0 0 tons i n the f l o o r p i l l a r . 

STOPE DEVELOPMENT 

I n i t i a l N o r t h South S outh 
Stope B l o c k Remnant Lens Lens 

Tons ore above a d i t 1,643 , 0 0 0 5 8 1 , 0 0 0 4 9 0 , 0 0 0 824 , 5 0 0 
Tons f l o o r p i l l a r 1 6 8 , 0 0 0 37 , 0 0 0 6<)] 000 4o ' ,000 
Net t o n s above a d i t 1 , 4 7 5 , 0 0 0 644 , 0 0 0 4 2 1 , 0 0 0 - 7 3 4 , 5 0 0 
C e n t r a l p i l l a r , t o n s 3 5 4 , 0 0 0 7 3 , 0 0 0 5 4 , 0 0 0 

( C o n t i n u e d ) 



STOPS DEVELOPMENT ( c o n t ) 

I n i t i a l 
Stope B l o c k 

North 
Remnant 

South 
Remnant 

Sou cn 
Lens 

Tons per Foot 
W i t h C e n t r a l P i l l a r 
W i t h o u t C e n t r a l P i l l a r 

Ii30 
112 

i 4 o 
103 

100 

C o s t P er Ton 

W i t h C e n t r a l P i l l a r 
W i t h o u t C e n t r a l P i l l a r 

$ 0 . 2 0 
0 . 3 0 

0 . 2 4 
0 . 3 1 

0 . 3 4 

The f o r e g o i n g tonnage f i g u r e s r e p r e s e n t the ore f from 
a d i t t o o u t c r o p . To e x t r a c t c o m p l e t e t o o u t c r o p Red G u l c h 

Creek w a l l need t o be d i v e r t e d . O t h e r w i s e c r e e k p i l l a r s o f 

1 9 0 , 0 0 0 tons and 7 5 , 0 0 0 t o n s a r e e s t i m a t e d n e c e s s a r y t o p r o 

t e c t m i n i n g o f t h e N o r t h and S o u t h Lenses r e s p e c t i v e l y . 

D e d u c t i n g these q u a n t i t i e s , and e x c l u d i n g the f l o o r p i l l a r s 

t o be mined from s l o p e s i n i t i a t e d below a d i t l e v e l , t h e r e 

remains 3 , 0 5 9 , 0 0 0 t o n s f o r e x t r a c t i o n above the a d i t l e v e l ; 

r o u g h l y 8 . 5 y e a r s s u p p l y a t 1000 t o n s d a i l y . '. 

Ore Treatment and R e t u r n s 

on t h i s o r e . Such m i l l t e s t s as have been r u n u s e d random 

samples not n e c e s s a r i l y r e p r e s e n t a t i v e o f the average grade of 

copper, z i n c and p r e c i o u s m e t a l s e s t i m a t e d . Those m i n e r a l s 

have been found t o o c c u r p r e p o n d e r a n t l y i n the i n t e r s t i c e s 

between t h e p y r i t e g r a i n s and r a r e l y w i t h i n them, n o r a r e t h e 

copper and z i n c m i n e r a l s i n t i m a t e l y a s s o c i a t e d . Thus,- i t appea 

t h a t moderate f i n e g r i n d i n g w i l l s e r v e t o r e l e a s e t h e g r e a t b u l 

There has been v e r y l i t t l e m e t a l l u r g i c a l w o r k done 
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o f the ore m i n e r a l s ; s e c o n d l y , t h a t i t w i l l n ot be d i f f i c u l t 

t o make r e l a t i v e l y c l e a n c o n c e n t r a t e s . U s u a l l y i n c l u d e d i n 

the m i l l t e s t s have been c e r t a i n l e a d r e c o v e r i e s . F o r 

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

o f 0 . 2 p e r c e n t I s assumed, and which r e p o r t s w i t h t h e copper 

c o n c e n t r a t e . No v a l u e i s a t t a c h e d t o l e a d r e c o v e r i e s I n th e s e 

e s t i m a t e s , however. 

S t a n l e y Gray, C o n s u l t i n g M e t a l l u r g i s t , , o f Vancouver 

was r e q u e s t e d t o s t u d y the e x i s t i n g d a t a and w r i t e an o p i n i o n 

on the meta 1 1urgIca 1 p o s s i b i l i t i e s o f t h i s ore and c o s t s of 

t r e a t m e n t . " 

E s t i m a t e d M e t a l l u r g y 

Assays fo D i s t r i b u t i o n 
:L°H^ $Wght. Au Ag Cu Pb Zn Au Ag Cu Pb Zn 

Peed 1000 100 .015 . 5 0 . 8 0 . 2 0 2 . 0 100 100 100 10C 100 
Copper Cone. 2 7 - 2 2 . 7 2 . 3 4 4 12.9 2>0 3 . 7 7 . 0 630 70.0 850 50.C 9 . 5 
Z i n c Cone. 2 7 . 2 2 . 7 2 . 0 3 1 .0 2 . 2 1.1 55.0 5 . 4 5 . 4 7 . 5 15.C 75-0 
T a i l s 9 4 5 . 6 9 4 . 6 . 0 0 5 .13 .054 . 0 7 . 3 2 _ 316 2h6 17.5 85.0 35 5 

1000 1000 . 015 0 . 5 . 8 0 . 2 0 2 . 0 100 100 100 100 100 

R e c o v e r i e s o f copper and z i n c c o n c e n t r a t e s a r e r e p o r t e d 

t o t a l l i n g 5 4 . 4 d r y t o n s . Copper c o n c e n t r a t e s f r o m B r i t i s h Columbia 

u s u a l l y go f o r t r e a t m e n t t o the Tacorna, Washington s m e l t e r o f the 

American S m e l t i n g and R e f i n i n g Company, and Z i n c c o n c e n t r a t e s to 

the T r a i l , , B. C., s m e l t e r o f the C o n s o l i d a t e d M i n i n g & S m e l t i n g 

Company o f Canada L t d . , o r the K e l l o g , Idaho p l a n t o f Bunker H i l l 

& S u l l i v a n . 
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C o n c e n t r a t e Sh ipment 

Two r o u t e s a r e p o s s i b l e . One i s by l a n d s o u t h t o 

deep-sea dockage a t K i t k i a t a I n l e t on Douglas Channel. The 

a l t e r n a t i v e i s by w a t e r v i a the E c s t a l l R i v e r l o the Skeena 

e s t u a r y , and thence t o deep-sea docks a t o r n e a r P r i n c e R u p e r t 

(Dravving 2 ) . The q u a n t i t y e n t a i l e d amounts t o 5 4 . 4 d r y t o n s , 

say 60 g r o s s tons f o r shipment d a i l y o r 1300 tons p e r month, 

h a l f as copper c o n c e n t r a t e s and the remainder as z i n c concen

t r a t e s . 

The Douglas Channel t e r m i n a l would be open t o deep 

sea s h i p p i n g a t a l l t i m e s o f the y e a r . I t w i l l r e q u i r e t h e 

c o n s t r u c t i o n o f from 21 t o 22 m i l e s o f r o a d , however, t o connec 

t o the p r o p e r t y . The g r e a t e r p a r t of t h i s d i s t a n c e i s t h r o u g h 

v a l l e y d e p o s i t s , c h i e f l y sand w i t h s i l t f i l l i n g , and much o f i t 

i s swampy. The r o a d would r i s e about 100 f e e t i n the f i r s t 10 

t o 11 m i l e s t o E c s t a l l l a k e and thence 60 f e e t t o the summit of 

the d i v i d e between the E c s t a l l and Quaal R i v e r w a t e r s h e d s , i n t' 

next l-£ t o 2 m i l e s . Descent from the summit would be 130 f e e t 

t o e l e v a t i o n 80 f e e t above sea l e v e l i n the n e x t 1^ m i l e s . The 

would remain 8 m i l e s o f t h e descend t o sea l e v e l a t the Douglas 

Channel. Prom 2 t o 3 m i l e s o f t h e r o u t e w i l l r e q u i r e some r o c k 

e x c a v a t i o n . 

The type o f r o a d needed would be analagous t o t h a t 

c o n s t r u c t e d by l o g g i n g companies t o move 8 t o 10 l o a d s d a i l y 

g r o s s i n g 30 t o 35 t o n s p e r l o a d . Such a road when r o u t e d t h r o u 

the c o a s t a l swamps i s b e i n g b u i l t on pu n c h i n g topped w i t h two t 

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

o f t e n t r e e t o p s o f a l o g g i n g o p e r a t i o n . A s m a l l s h o v e l I s 

used t o h a n d l e them, and of c o u r s e gas-saws. 

B. C. F o r e s t P r o d u c t s e n g i n e e r i n g , department., r e p o r t s 

a d i r e c t c o s t of $ 8 , 0 0 0 p e r m i l e f o r such c o n s t r u c t i o n i n the 

P o r t Hardy and P r i n c e R u p e r t a r e a s , e x c l u s i v e o f camp expenses 

and equipment w r i t e - o f f s . Humphrey C o n s t r u c t i o n o f N o r t h 

Vancouver quoted a p r i c e o f f r o m $ 8 , 0 0 0 t o $ 1 0 , 0 0 0 p e r m i l e 

f o r c o n s t r u c t i o n t o the l o a d s t a n d a r d s " d e s c r i b e d , and t h e i r 

p r e p a r e d n e s s t o c o n t r a c t the subsequent t r u c k i n g . 

Rock work f o r such a r o a d t h r o u g h the S c s t a l l - Q u a a l 

v a l l e y would not be heavy. The r o c k s l o p e s are easy, and 

e x c a v a t i o n s would be l i m i t e d l a r g e l y t o g r a d i n g of the r i g h t -

of-way. Cost i s not e x p e c t e d t o exceed $ 1 0 , 0 0 0 p e r m i l e . Thus, 

c o s t o f t h i s r o a d 2 1 . 5 m i l e s i n l e n g t h can be e s t i m a t e d a t 

$ 2 1 5 , 0 0 0 , p l u s a l l o w a n c e f o r t r e s t l e b r i d g e " w o r k . A good dock 

l o c a t i o n can be o b t a i n e d on e i t h e r shore of K i t k i a t a I n l e t , 

o f f e r i n g sand f o u n d a t i o n s f o r p i l i n g a g a i n s t deep water. Cost 

of a l o a d i n g dock and d o l p h i n s has been e s t i m a t e d a t $ 1 2 5 , 0 0 0 

r o u g h l y . Thus, t o t a l c o s t o f t h e Douglas Channel r o a d and dock I n 

the- range of $ 3 7 0 , 0 0 0 . . 

I f the E c s t a l l R i v e r r o u t e i s t o be used, f i r s t 

r e q u i r e m e n t would be a s i m i l a r r o a d c o n s t r u c t e d t o a t e r m i n a l 

6 m i l e s below the p r o p e r t y ( T e r m i n a l B. Drawing 3 ) . T h i s t e r m i n a l 

would be c l o s e d by I c e t o n a v i g a t i o n an average of 6 weeks each 
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w i n t e r . At o t h e r t i m e s , two 5 0 0-ton scows can be h a n d l e d 

by s u i t a b l e tug between the r i v e r t e r m i n a l and P r i n c e R u p e r t 

on any 16 f o o t t i d e or b e t t e r . 

Thus, the c o n c e n t r a t e s would move by 10 con t r u c k 

6 m i l e s t o the r i v e r t e r m i n a l and be l o a d e d on scows. These 

would be h a u l e d t o an ocean dock a t or n e a r P r i n c e R u p e r t , 

and the c o n c e n t r a t e s be t r a n s f e r r e d w i t h a c l a m s h e l l o r . b u c k e t 

e l e v a t o r t o a s t o c k p i l e . F i n a l t r a n s f e r then i s n e c e s s a r y t o 

s h i p b o a r d . As much as 20 f o o t t i d e d i f f e r e n t i a l s and more e x i s t 

i n P r i n c e Rupert h a r b o u r and v i c i n i t y . I n s t a l l a t i o n s n e c e s s a r y 

i n c l u d e docks a t the r i v e r and ocean t e r m i n a l s and the n e c e s s a r y 

equipment a t each. 

S e v e r a l a l t e r n a t i v e methods o f h a n d l i n g c o n c e n t r a t e s 

have been c o n s i d e r e d . Most p r o m i s i n g i s the p a l l e t i z i n g o f 

2 . 5 t o n packages of c o n c e n t r a t e s as p r a c t i s e d by U n i t e d Keno 

H i l l Mines L i m i t e d . They s h i p l e a d and z i n c c o n c e n t r a t e s v i a 

White Pass & Yukon R a i l w a y ' t o Skagway, thence by c o a s t a l v e s s e l 

t o Vancouver, and then I n Canadian P a c i f i c R a i l w a y b o x - c a r s o r 

g o n d o l a s t o T r a i l , 3. C . The c o n t a i n e r s a r e h a n d l e d by f o r k - l i f 

t o dump i n t o the r a i l w a y c a r s , t o r n down, s e r v i c e d and packaged 

f o r r e t u r n t o Keno H i l l . O f f l o a d i n g f r o m v e s s e l t o wharf I s 

a c c o m p l i s h e d a t a r a t e o f 90 t o n s p e r hour w i t h a crew of 3 men, 

u s i n g the s h i p ' s s l i n g s and w i n ch and f o r k l i f t s . R e l o a d i n g from 

wharf t o gondolas i s r e p o r t e d a t a r a t e o f 65 tons p e r hour, 8 

men a g a i n . 
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The c o n t a i n e r s c o n s i s t o f a 3 1 >- 6 l plywood box 

on a s t e e l frame, b o t h d e s i g n e d t o b r e a k down f o r p a c k a g i n g 

f o r r e t u r n shipment. When loaded, t h e c o n c e n t r a t e i s c o v e r e d 

w i t h p o l y e t h y l e n e p l i o f i l m , and the whole i s s t r a p p e d t o a 

p a l l e t . C u t t i n g the s t r a p s r e l e a s e s t h e l o a d t o dump. These 

packages can be h a n d l e d by e i t h e r f o r k l i f t o r s h i p ' s s l i n g . 

P r o p o s a l B (jja s on) 

Mine t h e h i g h - g r a d e c o p p e r ore s e l e c t i v e l y . 

A 200 t p d o p e r a t i o n would mine 400,000 t o n s o f 1 . 9 $ 

i n 5 - 5 y e a r s . 

The t o t a l p r o f i t would be o f the same o r d e r as the 

p r e s e n t book v a l u e and would t h e r e f o r e be t a x - f r e e . 

Proposa 1 C (Mason) 

Produce copper and z i n c c o n c e n t r a t e s f r o m a 1 , 0 0 0 t p d 

o p e r a t i o n . R o a s t as much o f the p y r i t e t a i l i n g s as w i l l e n able 

th e s u l p h u r d i o x i d e t o be s a f e l y d i s s i p a t e d . 

A r o a s t o f 150 t p d would produce 100 to n s o f I r o n 

p r o d u c t s and l o O t o n s o f s u l p h u r d i o x i d e . I f t h i s were p a s s e d 

t h r o u g h a s p r a y tower 60 t o 80 t o n s would be d i s s o l v e d and SO t; 

100 tons would pass i n t o the atmosphere. T h i s I s a s a f e amount. 

The a c i d w a t e r would r e a c t w i t h t h e a l k a l i n e m i l l t a i l i n g ' water 

t o f o r m a' l i q u i d w i t h a p.H. o f 5 t o o. T h i s c o u l d s a f e l y be 

d i s c h a r g e d . 
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The c o a r s e s t f r a c t i o n o f the t a i l i n g s c o u l d be 

used. At p l u s 65 mesh i t i s b e l i e v e d t h a t t h e r o a s t c o u l d be 

s h i p p e d w i t h o u t s i n t e r i n g . A JO t o Jlfi i r o n p r o d u c t s h o u l d 

be o b t a i n a b l e u s i n g a D o r r - O l i v e r r o a s t e r . 

P r o p o s a l D ( C l a y t o n ) 

A l t h o u g h i t i s n o t economic t o produce s u l p h u r from 

p y r i t e , the combined v a l u e o f s u l p h u r and I r o n o re can be l a r g e 

enough t o make t h e o v e r a l l t r e a t m e n t o f p y r l t e p r o f i t a b l e , 

e s p e c i a l l y when the p y r i t e i s a l r e a d y on the s u r f a c e i n the form 

of t a i l i n g s . 

A 1,000 t p d o p e r a t i o n would produce about 120,000 

t o n s o f s u l p h u r a n n u a l l y . Of t h i s amount I t would be p o s s i b l e 

t o d i s p o s e o f about 60,000 t o n s as waste a c c o r d i n g t o P r o p o s a l C. 

I f the r e m a i n d e r were c o n v e r t e d t o e l e m e n t a l s u l p h u r u s i n g the 

T.G.S. - I n c o method i t c o u l d be marketed l o c a l l y u s i n g barge 

t r a n s p o r t a t i o n . The l a r g e f r e i g h t advantage would e n a b l e a modes 

p r o f i t t o be made on s u l p h u r s a l e s . 
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Subject: t r e a t m e n t o f E c s t a l l Ore 

SUMMARY 

Mr. E. E. Mason of Dolmage, Mason and S t e w a r t , L t d . , 

i n h i s r e p o r t o f J u l y 11, 19ol, has e s t i m a t e d t h a t p r o f i t a b l e 

e x p l o i t a t i o n of the E c s t a l l ore can be a c h i e v e d by p r o d u c i n g 

c o p p e r and z i n c c o n c e n t r a t e s and r o a s t i n g as much p y r i t e t o 

p roduce i r o n ore as can be done w i t h o u t c a u s i n g a i r and w a t e r 

p o l l u t i o n problems. H i s e s t i m a t e s g i v e a r e t u r n of 5 3/4$ 

o v e r a 15 y e a r p e r i o d on t o t a l i n i t i a l c a p i t a l , o r 10.3$ o v e r 

t h e same p e r i o d on n e t c a p i t a l . I . e . t h e o r i g i n a l t o t a l minus 

a m o r t i z a t i o n p a i d t o d a t e . T h i s l a t t e r f i g u r e seems t o me the 

b e s t measure of t r u e i n t e r e s t r a t e . These r a t e s are a f t e r a l l 

t a x e s and f u l l a m o r t i z a t i o n . 

The p r o f i t r a t e c o u l d be c o n s i d e r a b l y improved i f 

more p y r l t e c o u l d be r o a s t e d . There appear t o be s e v e r a l ways 

o f a c h i e v i n g t h i s ; one i s t o r o a s t t h e p y r i t e i n oxygen and 

r e c o v e r s u l p h u r from the gas. Most o f the s u l p h u r c o u l d be 

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

p r o f i t s f r o m i r o n ore would make the p r o c e s s p r o f i t a b l e a t 

E c s t a l l a l t h o u g h i t was c o n s i d e r e d t o be m a r g i n a l a t Copper C l i 

The n e t r a t e s o f r e t u r n would be on t o t a l i n i t i a l i n v e s t m e n 

and 11.0$ on n e t i n v e s t m e n t . I f a l l t h e p y r i t e c o u l d be r o a s t e 

and t h e gases d i s p o s e d o f w i t h o u t e x t r a c t i n g the s u l p h u r the r a 
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would be 1 0 . 4 $ and 1 4 . 9 $ . 

INTRODUCTION 

Mason ( 1 9 6 1 ) e s t i m a t e s t h a t the E c s t a l l ore can be 

mined f o r i t s copper, z i n c , g o l d and s i l v e r c o n t e n t on the 

f o l l o w i n g b a s i s : 

New C a p i t a l O u t l a y Net R e t u r n P e r i o d o f Y e a r s 

$ 2 , 2 0 0 , 0 0 0 $ 1 , 6 2 6 , 0 0 0 3 . 5 
2 , 5 0 0 , 0 0 0 2 , 6 1 9 , 4 3 4 13 
2 , 7 7 6 , 5 5 0 2 , 9 9 4 , 3 6 5 15 

On the f a c e o f i t , these would be p r o f i t a b l e o p e r a t i o n s , 

e s p e c i a l l y f o r a C a n a d i a n company, but U.S. t a x e s d u r i n g the t a n -

f r e e f i r s t 3 y e a r s and the 15$ d i v i d e n d t a x make them of d o u b t f u l 

a t t r a c t i o n f o r t h i s company. F o r t h i s type o f o p e r a t i o n , o u t r i g h t 

s a l e t o a Canadian company would be the most m u t u a l l y p r o f i t a b l e -

outcome. 

The o n l y way t o e s t a b l i s h a more p r o f i t a b l e o p e r a t i o n 

would be t o f i n d a market f o r the p y r l t e , . which forms o v e r 90$ 

o f the o r e . A l t h o u g h p y r i t e i s n o t worth m i n i n g (what l i t t l e i s 

s o l d i s q uoted a t $4 t o $5 a t mine i n Canada) the p y r i t e a t E c s t a l l 

would be a l r e a d y mined and m i l l e d , so t h a t i f i t c o u l d be s o l d 

f o r even $1 n e t , o v e r a l l p r o f i t s would be I n c r e a s e d by o v e r 5 0 $ . 

I t might be p o s s i b l e t o s e l l the p y r l t e t o the Japanese. They 

seem v e r y w i l l i n g t o buy a l l B.C. i r o n o r e , and s i n c e t h e y produce 

a l l t h e i r s u l p h u r f r o m p y r i t e t h e y s h o u l d be a b l e t o u t i l i z e the 

s u l p h u r . Perhaps our p r e s e n t c orrespondence w i t h A t a k a w i l l 

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

o u r s e l v e s . 
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ROASTING 

Mason proposes t o r o a s t 150 t p d out o f a t o t a l 

mine p r o d u c t i o n o f 1 , 0 0 0 t p d , w h i ch he c o n s i d e r s the maximum 

p o s s i b l e i f p o l l u t i o n i s t o be k e p t w i t h i n bounds. T h i s w i l l 

l e a v e a bout oOO t p d i n the t a i l i n g s . Of c o u r s e t h e s e t a i l i n g s 

can be r o a s t e d a t 150 t p d a f t e r t h e mine i s worked out , but the 

p r e s e n t v a l u e o f such an o p e r a t i o n I s v e r y sma11. F o r t h i s pro 

Mason e s t i m a t e s a n e t r e t u r n o f $ 5 , 3 6 6 , 4 3 9 o v e r 15 y e a r s on 

$ 3,655 , 0 0 0 c a p i t a l i n v e s t m e n t . These f i g u r e s are f o r a Canadia: 

c ompany. 

F o r T.G.S. the s i t u a t i o n would be: 

F e d e r a l Income t a x (Mason) $1.382,370 
P r o v i n c i a l t a x (Mason) ' 4 3 3 , 0 0 2 
15$ d i v i d e n d t a x 7 5 7 , 4 8 9 
U.S. t a x , f i r s t 3 y e a r s , l e s s 15$ 2 5 3 , 9 2 0 
T o t a l t a x $ 2 , 8 2 6 , 7 8 1 

Gross Income $ 1 0 , 8 0 3 , 9 6 0 
Taxe s 2 , 8 2 6 , 7 8 1 

Net Income 7 , 9 7 7 , 1 7 9 
C a p i t a l o u t l a y 3,^Sl/dOl 
Net p r o f i t 4 , 8 0 . 6 , 3 7 8 

7. ̂  ! ; -
. T h i s i s 6 - 3 / 4 $ on t o t a l i n v e s t m e n t and 1 0 : 3 $ on net 

I n v e s t m e n t , assuming a s t e a d y income. A c t u a l l y the l a t t e r f i g u 

would be l a r g e r because of a c c e l e r a t e d a m o r t i z a t i o n i n the e a r l 

y e a r s . 

Mason bases h i s f i g u r e s on a 150 t p d p l a n t because 

t h a t I s the maximum which can be r o a s t e d w i t h o u t i n t r o d u c i n g • 

p o l l u t i o n p r oblems. However I t might be p o s s i b l e t o r o a s t 

c o n s i d e r a b l y more ore by one o f the f o l l o w i n g methods: 

1. Have two r o a s t e r s , one a t the mine and the o t h e r 

a t t h e deep-sea dock. 
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2. I n s t a l l the r o a s t e r on an o f f s h o r e i s l a n d . 

3 . D i s c h a r g e the gas above the t r e e l i n e by 

means of a p i p e l i n e . 

U s i n g two r o a s t e r s the s i t u a t i o n would be: 

C a p i t a l o u t l a y $4,(366,000 • • 
Net p r o f i t ' 5 , 3 5 3 , 0 0 0 

T h i s i s 3 . 0 $ on t o t a l i n v e s t m e n t and' 1 2 . 0 $ on n e t 

i n v e s t m e n t . 

I f a l l the ore c o u l d be r o a s t e d the f i g u r e s 

would be: 

C a p i t a l o u t l a y $8 , 4 3 5 , 0 0 0 
Net p r o f i t 1 3 , 2 7 6 , 5 0 0 

T h i s i s 10.4$ on t o t a l i n v e s t m e n t and 14.9$ on 

net Investment. 

The above f i g u r e s a r e a p r o j e c t i o n of Mason's f i g u r e s 

w i t h a d j u s t m e n t f o r the e x t r a t a x e s . I t i s assumed t h a t t h e c o s t 

advantage of h a v i n g a l a r g e r r o a s t i n g c a p a c i t y would be b a l a n c e d 

by the added d i f f i c u l t i e s i n v o l v e d i n d e a l i n g .with the l a r g e r 

q u a n t i t i e s o f waste. I f t h e r e were two r o a s t e r s , one a t t h e deep 

sea p o r t and one a t the mine, the c o s t of i n s t a l l a t i o n would be 

almost double t h a t o f one r o a s t e r , but p r o d u c t i o n c o s t s would not 

be a f f e c t e d g r e a t l y because the b u l k o f the m a t e r i a l would have 

t o be s h i p p e d t o the deep-sea p o r t i n any case. 

A 10 ,000" f t . 3 0 " x p i p e l i n e would c o s t a bout 

$ 5 0 0 , 0 0 0 . A n c i l l a r i e s and c o n s t r u c t i o n c o s t s might d o u b l e t h i s 

f i g u r e . The a s s u m p t i o n o f e q u a l c o s t thus i m p l i e s t h a t a r o a s t e r 

of s i x times the c a p a c i t y would r e s u l t i n a s a v i n g o f .l8g$ on 

c o n s t r u c t i o n c o s t s p e r u n i t . 
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. A l t e r n a t e l y i t would be p o s s i b l e t o r o a s t the 

whole o f the p y r i t e and produce e l e m e n t a l s u l p h u r from t h e 

ex c e s s s u l p h u r d i o x i d e u s i n g the T.G.S. method d e v e l o p e d 

i n c o n j u n c t i o n w i t h I n c o a t Copper C l i f f . T h i s i s d e s c r i b e d 

by B a r r , Buscemi,Conroy, and West, 1961 , V o l I & I I . 

The p y r l t e may be r o a s t e d i n a i r t o produce a 

" r o a s t e r gas 1' o r i n oxygen t o produce a " r i c h gas." 

SULPHUR FROM ROASTER G-AS 

B a r r , e t . a l . have e s t i m a t e d the c o s t s o f r o a s t e r 

gas p l a n t t o produce 1 1 0 , 2 0 0 tpoj o f s u l p h u r , about t h e amount 

fr o m a 1 , 0 0 0 t p d o p e r a t i o n a t S t r a t h c o n a as f o l l o w s : 

C a p i t a l $14,2 7 5 , 0 0 0 
C o s t / t o n $ 2 7 • 1 0 
Gas c o m p o s i t i o n 

S 0 2 11$ 
3$ ° 2 

The c o s t p e r t o n I n c l u d e s a m o r t i z a t i o n , i n c l u d i n g 

a m o r t i z a t i o n o f w o r k i n g c a p i t a l but no r e t u r n on c a p i t a l . I t 

a l s o i n c l u d e s 20$ e n g i n e e r i n g and c o n s t r u c t i o n , p l u s c o n t r a c t o r s 

fee and c o n t i n g e n c y o f 5$ and 15$ on the 1 2 0 $ . 

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

the s a l e p r i c e I n l o c a l markets ( m a r k e t i n g i s d i s c u s s e d b e l o w ) . 

The q u e s t i o n t h e n beeomes one o f whether p r o f i t s from t h e s a l e 

of i r o n ore w i l l J u s t i f y the c a p i t a l e x p e n d i t u r e on s u l p h u r 

p r o d u c t i o n . A r e t u r n o f 10$ on n e t I n v e s t e d c a p i t a l w i t h 

s t r a i g h t l i n e a m o r t i z a t i o n o v e r 20 y e a r s would r e q u i r e an a n n u a l 
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n e t income o f $1,254,000. The s a l e o f i r o n ore would b r i n g i n 

ab o u t $1 ,250,000. Thus the p r o c e s s i s c l o s e t o b e i n g e c o n o m i c a l l y 

f e a s a b l e . A c t u a l l y c o s t s c o u l d c e r t a i n l y be improved because 

t h e y have been worked out f o r I n c o p y r r h o t i t e o r e , r a t h e r t h a n 

f o r E c s t a l l p y r l t e o r e . 

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

a i r i s a gas c o n t a i n i n g 12$ SOp. I n p r a c t i c e t h i s i s d i l u t e d 

t o 11$ SO2 and 3$ Op. F o r p y r l t e the t h e o r e t i c a l f i g u r e i s 

15.3$ SO2. I t i s r e a s o n a b l e t o assume t h a t the a c t u a l f i g u r e 

would be about 14$ SO^ and 3$ Op. T h i s c o m p a r a t i v e l y s m a l l 

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

and a t l e a s t some d i f f e r e n c e t o c a p i t a l c o s t s . I f we e x t r a p o l a t e 

G i u s t i ' s g r a p h ( B a r r e t . a l . , V o l . 1 1 , p.85) I t can be seen t h a t a 

3$ i n c r e a s e i n SOp c o n t e n t would reduce c o s t s by about $5 p e r t o n . 

T h i s would b r i n g the p r o c e s s w i t h i n range o f b e i n g e c o n o m i c a l l y 

f e a s a b l e . However oxygen r o a s t i n g appears t o be a more p r o f i t a b l e 

p r o c e s s . 

SULPHUR FROM RICH GAS 

B a r r e t . a l . have a l s o e s t i m a t e d c o s t s f o r the p r o d u c t i o n 

o f s u l p h u r from r i c h gas c o n t a i n i n g 70$ SOg. A p l a n t t o produce 

35s640 t p y o f s u l p h u r would c o s t $2,401,000 and p r o d u c t i o n c o s t s , 

I n c l u d i n g a m o r t i z a t i o n but no i n t e r e s t , would t o t a l , $ 1 3 . 7 1 . I t I s 

s t a t e d t h a t " I f , as seems p o s s i b l e , the a n n u a l p r o d u c t i o n from 

t h i s p l a n t c o u l d be i n c r e a s e d , t o 45,000 l o n g t o n s , the m a n u f a c t u r i n g 

c o s t would be reduced t o $10.59 p e r l o n g t o n . " E l i m i n a t i n g i n t e r e s t 

t h i s f i g u r e becomes $15.55- L e t us assume t h a t a p l a n t , t o t r e a t 
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1 0 0 , 0 0 0 t p y c o u l d be c o n s t r u c t e d f o r $ 4 , 8 0 0 , 0 0 0 and t h a t the 

c o s t p e r t o n would be .'pi5.50 p l u s the c o s t o f the oxygen. The-

i s ample h y d r o e l e c t r i c power i n the a r e a , and as t h i s i s the 

main f a c t o r i n oxygen p r o d u c t i o n i t i s assumed t h a t i t c o u l d be 

produced f o r the p r i c e quoted a t Copper C l i f f , $ 5 • 0 0 p e r t o n . 

Assuming a mine p r o d u c i n g 1 , 0 0 0 t p d on a 6 day week 

t o g i v e 3 0 0 , 0 0 0 t p y and a r o a s t e r c a p a c i t y o f 900 t p d on a 

7-day week r o a s t i n g the whole 3 0 0 , 0 0 0 tons a n n u a l l y , o f " w h i c h 

the s u l p h u r from 5 0 , 0 0 0 would go t o waste and t h a t from t h e 

r e m a i n i n g 2 5 0 , 0 0 0 would be t r e a t e d i n the s u l p h u r r e c o v e r y p l a r 

t o produce 1 0 0 , 0 0 0 t o n s o f s u l p h u r and 1 2 5 , 0 0 0 tons o f i r o n ore 

P r o d u c t i o n Cost o f S u l p h u r ^15 ,50 p e r t o n 
Oxygen 4 . 4 5 

1 9 . 9 5 

S e l l i n g P r i c e 2 7 . 7 5 

P r o f i t 7 • 8 0 

P r o f i t on i r o n ore $ 8 . 0 0 p e r t o n (Mason's f i g u r e ) 

Gross income, 15 y e a r o p e r a t i o n 

Mason's " P r o p o s a l C M (Cu, Zn Cc waste-gas Fe) $ 1 0 , 8 0 4 , 0 0 0 
S u l p h u r , 1 0 0 , 0 0 0 t p y a t $ 7 . 8 0 1 1 , 7 0 0 , 0 0 0 
I r o n Ore 1 2 5 , 0 0 0 t o y £ $ 8 . 0 0 1 5 , 0 0 0 , 0 0 0 

$ 3 7 , 5 0 4 , 0 0 0 

C a p i t a l E x p e n d i t u r e s 

Mason's " P r o o o s a l C" $ 3 , 5 ^ 2 , 0 0 0 
S u l p h u r P l a n t 4 , 8 0 0 , 0 0 0 

• A d d i t i o n a l r o a s t e r s - - 3 , 5 2 0 , 0 0 0 

$ 1 2 , 3 8 2 , 0 0 0 

* Assumes a 20$ s a v i n g p e r u n i t on Mason's e s t i m a t e s f o r s i x 

times the c a p a c i t y . 
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Taxes 

Gross Income $ 3 7 , 5 0 4 , 0 0 0 
C a p i t a l e x p e n d i t u r e $ 1 2 , 3 8 2 , 0 0 0 
Book v a l u e 7 2 8 , 0 0 0 

Amort i z a t i on 1 3 , 1 1 0 , 0 0 0 

Not Income 2 4 , 3 9 4 , 0 0 0 
De p1e11on 8 , 1 3 1 , 0 0 0 

S u b j e c t t o income t a x , 50$ + 17 2/3$ l o , 2 o 3 , 0 0 0 
Income t a x , F e d e r a l and P r o v i n c i a l 1 1 , 0 0 4 , 0 0 0 

Net Income 2 4 , 3 9 4 , 0 0 0 
Income t a x 1 1,004 , 0 0 0 
S u b j e c t to 15$ t a x 1 3 , 3 9 0 , 0 0 0 
15$ t a x 2 , 0 0 9 , 0 0 0 

T o t a l taxes 1 3 , 0 1 3 , 0 0 0 
Less advantage i n f i r s t 3 y e a r s 

(41 2/3$ o f income) 1 , 3 5 5 , 0 0 0 

Net Taxes "' 1 1 , 6 5 8 , 0 0 0 

Gross income $37,504,000 
C a p i t a l i n v e s t e d 1 2 , 3 6 2 ,000 
Net Income 2 5 , 1 2 2.000 
Taxes - 1 1 , 6 5 8 , 0 0 0 

Net p r o f i t 13,464,000 

T n i s i s 7lr$ on t o t a l c a p i t a l and 11.0$ on n e t 

c a p i t a l . 

The f i g u r e f o r r e t u r n on n e t c a p i t a l c o u l d be I n c r e a s e d 

s u b s t a n t i a l l y by f a s t w r i t e - o f f s i n the f i r s t few y e a r s . 

MARKETS 

S u l p h u r s e l l s at. $27-75 i n S e a t t l e . About 50,000 

ton s i s s o l d on the B.C. c o a s t . I t has been assumed t h a t t h e 

Vancouver p r i c e i s the same as the S e a t t l e p r i c e and t h a t h a n d l i n g 

c o s t s would be the same from E c s t a l l o r Vancouver. 
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There appears t o be a ready market f o r i r o n ore and 

copper c o n c e n t r a t e s I n Japan. 

REFERENCES: 

B a r r , Buscemi, Conroy and West, Report on S u l p h u r Recovery from 

P y r r h o t i t e R o a s t e r Gas, R e s e a r c h Dept., March 3 1 , 1961 , V o l . I 

and I I . 

Mason, S. E., P r o d u c t i o n P o s s i b i l i t i e s , E c s t a l l Mine, J u l y 11 , 

1 9 6 1 . 

RliC 



T K X A ' " U L F S U L P H U R C O M P A N Y , N E W Y O R K E W Y O R K 

I N T E R - O F F I C E C O M M U N I C A T I O N 

M E M O R A N D U M 

D a t e : F e b r u a r y 8 , 1962 

T o : Mr. R. D. M o l l i s o n 
F r o m : R. H. C l a y t o n 

Subject: Treatment o f E c s t a l l Ore - Addendum. 

One p o s s i b i l i t y was n o t c o v e r e d I n the p r e v i o u s 

memorandum. I t c o n s i s t s o f Mason's P r o p o s a l B ( M i n i n g the 

h i g h g r a d e copper ore ove r 5 i y e a r s ) w i t h P r o p o s a l C ( r o a s t 

160 t p d t o produce I r o n o r e ) . U s i n g Mason's f i g u r e s , the 

p r o f i t s i t u a t i o n i s as f o l l o w s : 

C a p i t a l . Income 

P r o p o s a l B $ 5 0 0 , 0 0 0 $ 4 7 0 , 0 0 0 

R o a s t e r 9 0 5 , 0 0 0 1 , 5 3 4 , 0 0 0 

Book v a l u e 7 2 8 , 0 0 0 

$ 2 , 2 3 3 , 0 0 0 $ 2 , 0 5 4 , 0 0 0 

Income t a x e s n i l 

D i v i d e n d t a x 15$ 3 0 8 , 0 0 0 

Net income 1 , 7 4 5 , 0 0 0 

On new c a p i t a l o f 1 , 4 0 5 , 0 0 0 i n 5 i yea: 

2 2 . 5 $ on g r o s s c a p i t a l i n v e s t m e n t 

35$ on n e t i n v e s t e d c a p i t a l . 

I t would a l s o pay t o mine and r o a s t p y r l t e a f t e r th; 

h i g h - g r a d e copper had been e x h a u s t e d . 

RHC 



T E X G U L F S U L P H U R C O M P A N Y . M E T A L S D> 

T1MMINS. ONTARIO 

INTER-OFFICE COMMUNICATION 

~-10N 

MEMORANDA M 

Date: J a n u a r y 7 t h , 19 66 

T o : R. D . Mo H i son 

From; R. H. C l a y t o n 

Subject: P r o p o s a l t o mine 500, 000 tons per y e a r from t h e E c s t a l l Mine 

The ore r e s e r v e s f a l l i n t o two c a t e g o r i e s , t h o s e above 100 
f t . below a d i t l e v e l w i t h 0.8% copper and t h o s e below t h a t l e v e l whic 
c o n t a i n 0.28% copp e r . However, these lower r e s e r v e s have been i n t e r 
s e c t e d by o n l y 6 h o l e s and the copper v a l u e s a r e e r r a t i c t h r o u g h o u t 
the orebody so the l a t t e r grade may n o t be r e p r e s e n t a t i v e . 

Ore r e s e r v e s above the - 100 f t . l e v e l a r e 4,870,500 tons 
of the f o l l o w i n g g r a d e: 

Ore grade 
Au 
0.0144 

Ag 
0.59 

Cu 
0 .83 

Zu 
2.83 

Fe 
42.75 

S 
48 . 

Py 50% S 
90 87.8 

M i l l r e c . % 63 70 85 75 90 

Cut grade 0.0091 0.41 0. 706 1.75 79.0 

V a l u e f . o 
mine 

b. 
0 .27 0 . 48 3.42 2.31 3.95 

T o t a l v a l u e f . o . b . mine $10. 43 

grade: 
Below - 100 f t . t h e r e are 2 , 712,500 tons of the f o l l o w i n g 

Ore grade 
Au Ag Cu Pb 

0 .28 
Zu 
2.9 

Fe 
41.5 

S 
47. 

Py 50% 
6 83 .0 

M i l l r e c . 85 75 90 

Cut grade 0 .24 2.18 79.2 

V a l u e f.o b. mine 1. 16 2 . 88 .3.96 

Tota 1 v a l u e f . o . b . mine $8.00/ton o r e . 

V a l u e s a r e c a l c u l a t e d as f o l l o w s : 

Z i n c : 

P r i c e 13C/ l b . 
Con. 5 5% 
Shipped t o Japan 
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1100 l b s . - 15% @ 130 $121.55 
Treatment charge $41.4] 
F r e i g h t 8 . 00 49 .00 

$ 72.55 

Per pound z i n c i n c o n c e n t r a t e , 6.600 
ore 4 .950 

Copper 

P r i c e 3 2 0 / l b 
Con 25% 
Shi p p e d t o Japan 

500 l b s . - 4% @ 320 $153.60 
Treatment $12.50 
R e f i n i n g 12.00 
F r e i g h t 8.00 32.50 

$121.io 

Per pound copper i n c o n c e n t r a t e 24.220 
ore 20.590 

S i l v e r 

90% @ $1.29 = $1.16 per oz Ag i n con. 

P y r i t e 

$ 5.0 0/ton f . o . b . mine dock. 

C a p i t a l C o s t s 
In o r d e r t o produce 500,00 0 t p y p y r i t e i t would be necessa 

to mine 6 35, 000 tpy o r e . Th i s would i n v o l v e 1, 750 t p d m i l l c a p a c i t y 
and 2, 000 t p d mine c a p a c i t y . Capi t a l cos t s would be a p p r o x i m a t e l y a 
fo l 1 o w s : 

Dock & $200,000 
E n g i n e e r i n g / C o n s t r u c t i o n 100,0 00 

L o a d i n g f a c i l i t i e s 150,000 
E n g i n e e r i n g & C o n s t r u c t i o n 25,000 

Road 25 m i l e s - ? $20,000. 500,000 
T r u c k s 300,000 
Mine b u i l d i n g s , e r e c t e d 350,000 
Mine and s u r f a c e equipment & c o n s t r u c t i o n 3,400,000 
P r e - p r o d u c t i o n development 1,000,000 
M i l l b u i l d i n g & equipment 4,000,000 

E n g i n e e r i n g & c o n s t r u c t i o n 1,000,000 

T o t a l $11,525,000 
P r e s e n t book v a l u e 730,000 

$12,255,000 
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O p e r a t i n g C o s t s 

M i n i n g l a b o r 
M i n i n g s u p p l i e s 

$1.25 
.90 

M i l l i n g l a b o r .25 
M i l l i n g s u p p l i e s 1.30 
M i l l power f i n i s h .60 
Haulage, mine t o dock 
L o c a l Overhead 
G e n e r a l overhead 

h 

2.35 

_2^10_ 
0 . 50 
0.50 
0 ._25 

$5.50 

O p e r a t i n g p r o f i t $4.93/ton f o r o r e above - 100' 
$3,135,000 per y e a r 
$2.50/ton f o r ore below - 100' 
$1,590,000 per y e a r 

Taxes 

The 30% Canadian d e p l e t i o n a l l o w a n c e can be d e f e r r e d u n t i l 
the f o u r t h y e ar because of t h e t a x - f r e e p e r i o d . The U.S. d e p l e t i o n 
a l l o w a n c e of 20% d e c l i n i n g b a l a n c e i s down t o 8% of the i n i t i a l c a p i t a l 
e x p e n d i t u r e by the f o u r t h y e a r . T h i s d i f f e r e n c e i s enough t o o f f s e t 
t h e h i g h e r Canadian t a x r a t e ( i n c l u d i n g the B.C. t a x of 10%) , so taxes 
w i l l be p a i d a t the U.S. r a t e o f 28.9% t h r o u g h o u t . 

Cash Flow ($000) 

Y r . O p e r a t i n g D e p r e c i a t i o n Taxable Cash 
P r o f i t & P r e - p r o d . 28.9% F1 ow 

1 3,135 3,135 0 3,135 
2 3,135 2, 384 751 2,917 
3 3,135 1,347 1,733 2,618 
4 3,135 1,073 1, 305 2,54! 
5 3,135 862 1,443 2, 473 
6 3,135 6 9 0- 1,553 2,428-
7 3,135 552 1,639 2, 333 
9 2,620 441 1, 334 1,990 
9 1,590 353 78 4 1,233 
10 1,590 232 820 1,212 
11 1,590 226 866 . 1,196 

$24, 136 ,000 
D i s c o u n t 10% 15,436,000 
New c a p i t a l r e q u i r e d 11,525,000 
P r e s e n t v a l u e @ 10% 3,911,000 

D.C.F. r a t e o f r e t u r n .13% 

Payout 6.1 y e a r s 

E a r l y s e l e c t Lve m i n i n g of the h i g h grade ore c o u l d 
r e t u r n and d e c r e a s e the payout p e r i o d . 

i n c r e a s e the D.C 
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Comparison w i t h__D o_lni a ge. Ma so n & S t e w a r t Repo r t s 

A r e p o r t by E. E. Mason da t e d J u l y , 1961 quoted o p e r a t i n c 
c o s t s of $3.60 t o $3.80 per ton and c a p i t a l c o s t s of $2,775,000 f o r 
1,000 t p d o p e r a t i o n . 

The p r e s e n t e s t i m a t e s of $5.50/ton and $11,525,000 r e f e r 
an o p e r a t i o n n e a r l y t w i c e as b i g and i n c l u d e e x t r a c o s t s t o c o v e r 
p r o d u c t i o n and s h i p p i n g of a p y r i t e c o n c e n t r a t e . These assume mode 
a t e l y d i f f i c u l t m i l l i n g problems and a somewhat poor r e c o v e r y . The 
i s a good p o s s i b i l i t y t h a t c o s t s w i l l be 1owcr i n p r a c t i c e . 

Mi 11 i n g_ T e s t s 

V e r y l i t t l e m e t a l l u r g i c a l t e s t work has been done. More 
wi11 be needed b e f o r e a d e c i s i o n i s made on p r o d u c t i o n . 
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compos i ce ss-
:io os b u l k w. 

20% Pb 
G9% Cu 

0 , o j O Z O 3 IT 'C OH 

0.0 4 0 2 par t o n l i 
35.210 ?e 
4 5.50% S 

7 . 7 9 % S i 0 9 

id 

~.s m a s s i v e Iv o v r i t i c / v e r y 
l O r i ' C V O S S t D 6 I " Q ' p j . U 5 J< 

• i s r e c s r o n escn 
, anu v a r y c o a r s e , 

Ijcirc-'a samples we: 
r.nd these i n t u r n , were 
ii'GQ wesc'.i"s -Cor tne c c ^ j o s i ' c s rriix. 1? u r t n e r 

r.ssn D I - C C U C L w n i c n wss r u i i s i 
:d sr. z j u u gm• _L o a s ^_cr iio'c^'uion 'L 3 3 'C I . I ? , 

purpose os 
i e c t e d by the Pes 

, 1 £ V G C c . ' l u i _ 0 CIS i—£ 

was t o d e t e r m i n e the optsmum 
t m e t a l l u r g i c a l r e s u l t s w h i ch 
rmine what r e a g e n t s , i n k i n d 

— Kj 

C O 

1 amount, would be r e q u i r e d . The r l o w s h e e t used i n a l l 
the t e s t s , was v e r y b a s i c , c o n s i s t i n g o f a one s t a g e g r i n d 

n c by s u c c e s s i v e r o u g h i n g s o f c o p p e r , z i n c ana p y r i t e 
: r a t a s i n o r d e r . Open c i r c u i t 'water c l e a n i n g s or t h e 
; rougher c o n c e n t r a t e s were added t o some t e s t s i n o r d e r 

r e a c n maximum c o n c e n t r a t e g r a 

-v 
f3 
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o n v>L.<jo AX 5 • 1'noso r c S S us . . . . 1 ov? t n a t a C J . e a n c r o co • J p a r c o n 
C i . n t r a t G y -"a C 1 H'j 2 7 . 0 % C "J. • jvj t e a — 1 j O Z S pGiT "CO.". 
ms C'i v / i t i i r t .• c o v e r i o s D O 1 a g / , i 7 , s a u 4 7u, r o r fcne c e p p e r 
it:.4<i ,'.3 'it: s - i - l v a r r e s p e c t i v e - / / . J v o u g h c r g r a d e s i o r t f i O - c 
lu*,* ^ . ' . l o we r e x C 1 C u , 1 . G % > an .d / . o z s p o r w d ' , A g / v. - .1. ' . 

r e c o v e r i e s o f 90 , 55 , a r . : : 71': r e s p e c t i v a l y . Z i n c r e s u l t s 
s h o w ^ o a n i t 1* c ^ e a n a c c o n c t s v u r a t a g r a c i n g ' C > U J iSii v . t i j ...ao.i_: 
w i t h a i . \ ; c o v i ; . " \ ' o r /5%. AOu^'.'.in^' r e s u l t s s o r z i n c _ ; n c w a s 
t h a > > r o d u c t i o n o f a 29 % Zn r o u g h e r c o n c o n u r a t e w i t h 5 % o f 
t h e z i n c r o m a i n i n g i n t h e t a i . J . S . B y t r e a t i n g t h e s i n e 
a a 1 1 1 n c s if o r O ' I - C L : / — c x a a n a a a o n c e n a r a a a g r a c i n g s o"~ ^ 
w a s m a d e w i t h , a r e c o v e r y o i n p p r c x i r n a t e l y 9 5% o s t h e c o n — 

j*3 
e i 

ft 

u 

'.V X 

r,~ Tnere a r e s e v e r a l p o i n t s or i n t e r e s t t o note 
t o t h e above ment i o n e d c l e a n e d c o n c e n t r a t e s . 
c o n c e n t r a t e a s s a y e d 1.35 Zn and 0.0-C ozs p e r t o n Au. The 
z i n c c o n c e n t r a t e a s s a y a a u.z9:o Ca and tne p y r i t e c e n c a a t r a ' 
ass a ve a 4: c % i^e / u . 0 o '6 ~ o; 0« 0 o « a t , u • i b ̂  Zn^ ano u .2 0 ozs 
p e r t o n Ag * Th as e g r a c e s or minor e laments r e r e r on xy t o 
open c i r c u i t l a b o r a t o r y work and c o u l d change r a d i c a l l y i n 
a c l o s e d c i r c u i t m i l l , i f m i d d l i n g s were a l l o w e d t o pass 
tram c i r c u i t t o c i r c u i t ov tne o r o c u c t i o n oz nicxn r a d s 

B o t h 10 a n d 15 r r i i n g r i n d s a p p e a r e d t o g i v e o p t i m u m r e c o v e r ! a 
oz c o t t e r . i i o w e v e r , t n e s m e r g r i n d g a v e a s l r c i v c t m p r o v e m e n 

r o u c n e r g r a t a sac. cxeane_ sej.ec : i v i t y . On the o t h e r hand., 
s i l v e r r e c o v e r y was lower a t the f i n e r g r i n d . The p r o a 1em c f 
optimum g r i n d i s confounded f u r t h e r by a n a l y z i n g t h e .zinc 
m e t a l l u r g y . The b e s t rougher r e c o v e r i e s were made a t the 
f i n ^ r g r i n d b u t the most s e l e c t i v e ' c l e a n i n g and h i g h e s t g r i d e 
o f c o n c e n t r a t e s were produced u s i n g t h e c o a r s e r g r i n d . The 
c o n t a m i n a t i o n o f p v r i t e w i t h base m e t a l s a t t h e s e two g r i n d s 
s cj_most i c o r . c e c a l so no ore: ae mace on 

b a s i s . A t g r i n d s c o a r s e r than 10 mm. and f i n e r t h a n 15 min. 
r e s u l t s were q u i t e i n f e r i o r so i t can be assumed t h a t t h e 

n i 3 range t o 
2 c, ntnsh .. 

e s i n t h i s r a n g e . R e s o r e n c e t o p a g e A7 s h o w s 
e a p p r o x i m a t e l y b e t w e e n 42 a n d 59% p a s s i n g 

Copper f l o t a t i o n was u n s u c c e s s f u l i n soda ash b u t worked var; 
w e l l i n l i m e t o a pK o f 0.5 p r o v i d i n g that' a e r a t i o n was used 
b e f o r e c o n d i t i o n i n g . Reagents r e q u i r e d f o r t h i s o p e r a t i o n 
were as f o l l o w s : 1.0 l b s p e r t o n o f l i m e ; 0.5 l b s p e r t o n 
of Zn SO:.* 0.02 l b s p e r t o n o f MaCN and 0.20 l b s p e r t o n o f 
R S u i ) . 

k * 

( 
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.ow g r r n a s :"cs'oocuivc'_v. d a uc> 
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J. Uv. \ _ U "w v. 
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j. .Ki o ; t i:v."..:v. */nnti l a a p p r C X1'..".Ctc _y :J >_< -~ pes s i i r ".'.oc". -
. e I T i * i a * m o r e s i c a i z x c s n e, nowe vi-s« i s tne c o a a i c e c ^ i C . 
t h a t n e a r l y e l l of the c o a r s e p y r i t e g r a i n s muse he broker, 
a p a r t i n o r d e r t o r e l e a s e the v a l u e s c o n t a i n e d a l o n g g r i m 
b o u n d a r i e s - T h i s degree of g r i n d i n g i s e s s e n t i a l w h i l e 
s c r i_ner t"rxnaxng accomo 1x sne s no t n n g os c d t s e tne ov. 
g r a i n s a 
concentr. 

l y b a r r e n ^as snown oy t n e assay oz a p y r i t e 

I f f a r t h e r work i s r e q u i r e d , i t 
f o l l o w i n g o r d e r o f ' p r i o r i t i e s : 

s h o u l d be a t o r c a c h e d i n t h e 

J. nve s 11g a t e ways t o l o s o v e i e a G t r c m tne copper 
c o n c e n t r a t e as t h i s n o r m a l l y i s a v e r y u n d e r i r a b l e 
element i n such a c o n c e n t r a t e . 

2 . O p t i m i s e r e a g e n t a c c i t i o n s t o g i v e the l o w e s t * s s s x o l 
p i O j G C ' C £ O cose. 

3. i l v s l u a t e the p o s s i b l e m e t a l l u r g i c a l 
m i d d l i n g products„ 

^ =: - v> *> 

m 
4 

Li 

o e n e z i t oz r e g r i n c i ^ . a 

These r e s u l t s and c o n c l u s i o n s r e f e r o n l y t o the ore which i s 
r e p r e s e n t e d by the samples r e c e i v e d . V a r i a n c e s i n g r a c e o f 
heads s h o u l d not have a l a r g e e f f e c t on t h e q u a l i t y o f 
c o n c e n t r a t e s produced bu t c o u l d d r a s t i c a l l y a l t e r the c o s t o: 
r e a g e n t s needed because o f the h i g h s u l p h i d e c o n t e n t * 

R e s p e c t f u l l y s u b m i t t e d , 

J„ K. S t a r k e y , 
S r . R e s e a r c h E n g i n e e r . 



1 1 

A P P E N D I X TO T H 

REPORT ON TEE 

FLOTATION TESTING Or 

ECSTALL RIVER ORE 



3 -
- 3 

V 7 
r a 
[ :i 
u 

7 t n . !Sc7 

LOV ;"iO. IRON _ . J L . 
- ../a. 

1 

* ** 
] 

:.:. D u 0 • i> w JlToV 
„ 

. u . ; . .02 
« i 1 
1,1 S M C U t 2 t o n r-

u . -. -. •. . 0 2 " p i . 09 Wise 4 6 • 1G 5 . 2 7 " l702 
[ v 

; J _ l 
J "I C ' - t 0. 2C 1.27 1.55 i 0.70 36.2 -.. 1 7 . *' 2 

LJ 1 

*'i :•: c u t 1/2 t o n 0.22 1 . 10 j 0.33 J41.78 47.31* U - U *i 
U " ! i ; j 

x Cud x t o n 0 . 2 1 1.85 j 0.76 -15 . 5 •_ & 1 - J • o *» 
r.i 

; 

: ' 1 
• .i o x c u t 2 t o n 0.22 1.25 1.42 j 0.5S 42.47 w . 0 4 

u3 
~ • '•' _ v C h i E F C H E M I S T 



T E X A S 1 U I : I , F sri.i'iirii C O M P A N Y . X E W T O K K V . y. 1 0 0 1 7 

I N T E R - O F F I C E C O M M U N I C A T I O N 

M E M O R A N D U M 

D o t e : 

TO: 
From: 

Sub jec t : 

August" 3 1 , 1964 

R. D. M o l l i s on 

A. N. Myers 

On Thursday, t h e 27thj I v i s i t e d w i t h 
Mr. Saotome and Mr, H l r a n o , as you s u g g e s t e d . I 
showed them t h e r e p o r t of DoImage, Mason and Stewart 
L t d . on the ECSTALL p r o p e r t y , t o g e t h e r w i t h t h e map. 

Mr. Saotome made a g r e a t many n o t e s . They 
a r e e x t r e m e l y i n t e r e s t e d i n b u y i n g c o n c e n t r a t e s on 
f i v e t o t e n y e a r c o n t r a c t s . They a r e w i l l i n g t o 
p a r t i c i p a t e i n the v e n t u r e . They a r e d e f i n i t e l y 
i n t e r e s t e d i n the ECSTALL p r o p e r t y and i n d i c a t e d 
a d e s i r e t o have t h e i r g e o l o g i s t s v i s i t t h e p r o p e r t y 
They m a i n t a i n an o f f i c e i n Vancouver which i s 
s t a f f e d w i t h two g e o l o g i s t s . 

I I n d i c a t e d t h a t we had no one a t the 
p r o p e r t y and t h a t he would have t o make arrangements 
w i t h you t o see ECSTALL, which he s a i d he would do 
i n w r i t i n g i n the near f u t u r e . 

A 
0 
• / 

jjfis, Myers A. 

cc. Dr. C.F.Fogarty 
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G E O L O G I C A . . Ai'W.tiQ E N G I N E E R S 

?jOs 

The property consists of 21 crov.r. granted mineral claims, 920 
acres t o t a l area, and adjoining surface rights to tv:o land purchns-s lo;c 
104o9 acres i n area*. I t i a loc.-.tec on the Scs t a l l r i v e r , 34-5 miles up
stream from i t s junction wit*-. '^ccona ri v e r estuary*. aha Skec..aa i:. 
»hs cscond cf the two isajor ravers of Br i t i s h Columbia, onaorif-g t/is 
Pacif i c Ocean about 15 miles south of tne port of Prince Rupert, CB  

v^ee -AV> a;. 
the Dcstali r i v e r f l a n , aortheriy, .through a .broad 9 a,,v glaa , -

•_J.1T */ aa the L /C as "t Range luouiat._.*".;., para J . .taxing tne coast j.-ai£; ...i_. — 
tha fSoto The southerly pc.:* ... cf this trench i s occupied ty :;he 

v*aal r i v e r , a lesser stream, •' - 3ri;;g southerly into the Tougiaa 
Jaanntl- This l a t t e r i s a dee. -•' lamentation from the open Pa c i f i c at 
the a of. which i s locatec th - litimat slant of the Aluminum Company 
of Canada. 

The topography i s extremely -~;h the mountains r i s i n g sharp!; 
f.\>a the valley f l o o r to a general a- ."a - -a of 4000 feet. There i s amplf 
l-./rf ground on the property, however, aa accommodate major plant ar.a ca...y 
j-?'.sxai.la <*i on a o 

Precipitation i s heavy? ranging from 130 inches to 200 inchea 
annually. Tne low ground thus i s thickly timbered with big spraccj f i r , 
hemlock and cedar, and with dense underbrush, typical "rain forest". The 
valley walls rise sharply to timber line betvreen 5000 feet and 5500 feet 
elevation above sea l e v e l P however, with widespread c l i f f exposures "bare 
of s o i l or vegetation,. Runoff ;erefore i s high, quickly affecting water 

http://DOLMAGE.IV.A_
http://%e2%96%a0_j.1t


l!-I?R05'JCTI0fl (cont'd): 

»OVe ls ' :* the U}>per E c s t a l l C L : _ t r i o - L 
r..ij.2 j out very neavy f a l l s oi w . /now .ecu;", usual ly i ollcwea by r i sin v 
t u M j M i i M W j r c y niia rain* j*i*ora U*< thrco fcut 01" wot snow may l i * . - c-n thu 
.. j.vcr J. ti ts ac lato as J*iarcn . 

Access to the property i a by water route from Prince ?.uport 30 
miles ao the Skeena—Scstall junction, thence 54° 5 miles to the property * 
The lower 23„7 miles of the E c s t a l l i s available to boats of five to six 
feet draught within 4 hours ahont tne peak of a lo—foot tide. A boat oz" 
42—inch draught can reach within 3v miles of Tne mine wharf on a la-foot 
aide- Tidal highs range from 14 feet to 22 feet with lows down to sero as 
gauged at Prince Rupert harbour., Tidus of lo-feet height and over form 
about 75 per cent of a l l tides.. 7;..ring the winter, however, the r i v e r i s 
closed to navigation for an average cf nix weeks by d r i f t ice packed by 
the motion of the tides. For t h t l a s t six miles below the property this 
closure may extend through .aoca. sea, J a n u a r y ana ** coruary, ana occasions.*, ay 
for short periods i n November a. ̂  . ....rch0 

The property was diam. .a: IriOI^d by the Granby Consolidated 
lining;, Smelting 8c ?ov.'er Co.apaa; ; in 1917, 191S and 1919c It aas 
acquired for the Texas Gulf Sulphur Company i n 1937s and check d r i l l e d 
that summer. Camps were erecte^. anc a plant i n s t a l l e d the following 
summer. An 8' x 9 1 adit was driver, to examine the ore occurrences under
ground some 'j>00 — 450 feet beiov the outcrops during the succeeding two 
seasons, and further diamond d r i l l i n g done from this working. Subsequently, 
additional diamond d r i l l i n g was aone from underground in 1952 which traced 
the South Lense to a depth of roughly 1000 feat below the adit l e v e l . 
Several sets of plans and sections af the orebodies have been made at 
various times and are i n the Company fiu.c?„ These have been drawn upon to 
estimate the figures of ore reserves used i n this report. 



OOLWAC 

0B3 C-

ey nave oeen cescrx 
u.pnur Company1 s reco rd fiC ore occurs as massive oyri ̂ e 

replacement i a the form of two lenses said to be localized by folding along 
a major shear,, These lenses ara 1000 and 1750 feet long north and south 
lenses respectively, from 75 - 150 feet wide i n the f i r s t instance and 20 — 
50 feet vide in the second. They occur in echelon as shown i n the attached 
Dwg. 5 ? which also shows the do cone upon .e_.se 
has bottomed about —100 feet so,. level,, v/hile the South Lense remains open 
at ~(j'60 feet elevation. 

.j.ns; ana comprises * ron .<>-.' 
; chalcopyrite, sphal=ri-a 
of arsenic are foaaa also. 

to bl. 
U ^ A - aA -a* rs 

'aae pyrite occurs aa 
cent of the ere mass, 
jyrrhotite. A l i t t l e 

A calcite—quartz-sericite gan^ aoou c >̂ per can o Oi ".a.o-
s fa i l u r e to produce a gosssJ 

i n weathering, i t breaks down rather into a sana composed, oi pyrite gra: 
v:hich seem to retain their identity indefinitely., An ere dump l e f t by 
Granby appeared thuswise 20 years later* Same can also be observed alcr_> 
she outcrops on Red Gulch creek., 

*/tfm lvi'.HAvij 

These have been sever 
Gulf Sulphur Company's work wit 
figures can be considered repre 

minor variations m total, 
stative: 

me ioiiowmg 

a. bo've evei 
Adit Level to —100! elev. 
-100r elev,. to -9601 elev. 

ai4jG00 
c at fW\ _/00., \J\J\J 

South Lense 
824,500 
646, COO 

2,712,500 

ijopaal 
3,633,500 
1,232,000 
2,712,503 

4?183,000 7;5Sp ? a 

http://e_.se
file:///J/J/J


D O L M A.'.i 

ORE GRADES 

The following l i s t s the number and source of diamond d r i l l ere 
intersections from which the ore grades are estimated, including the Granby 
figures; 

North Lense South Lense Sout'r lanse 
(to -ICO1 el,) (-1001 t: -950'* 

T.G.S. Granby • ToG.S._ Granby _?.G.s. C.-.Iv 
Holes D r i l l e d 33 22 6 ? 11 
Gre Intersections 23 21 6 5' 6_ 
feet D r i l l e d 9481 8565 1009 £35 5r-'-5 ' 
feet i n Ore 3140 4276 172 265 ~~ "251 
Assays, Au. ozs. .015 -02 .013 *0i '?) 

Ag„ ozs. .50 „74 .SO .60 ,?) 
Cu a oO o Co «90 i« 50 2o 
Zn.^ 2.0 2.2 , 5.1 2.9 2.9 
:cs/« 43 • 5 41 © 0 -1 o 5 
Syo 49^5 47.5 -7*5 

Development since 1957 nas been aimed primarily at evaluating the 
pyrite potential, other metal values being considered incidentalo The above 
aata i s adequate for the purpose having regard to the uniformity of the pyrite 
occurrence throughout the deposit It cannot be considered equally so i n 
relation to the i r r e g u l a r i t i e s of capper and zinc distribution, and the gold 
and s i l v e r values that report. 1; rg^ly with the chalcopyrite. 

However, examination a." t i c d r i l l sections (including Granby1 s) 
suggest that a reasonably chara«:-•.;*::vuic .analysis of the North Lense as a 

whole can be obtained from aver.-, a...; the d r i l l cores. D r i l l i n g of the South 
Lense i s less extensive, and re- itively scanty below-100 feet elevation. 
Some additional d r i l l intersects .as at and above the adit l e v e l would ho
useful to confine the current ore grade estimate or otherwise. Estimates 
bel'ow the -100 feet elevation are based on four intersections only, and 
recuire more detailed investigation. 
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OKS GKALS3 (cent rd): 

The following ai e th«j •'.:s used i n i-iiis i*e oort: 

An,. '/••Cu 0 ^Zn 0 / " e • 
itorth Lonsc 
South Lense, above —100' 
South Lense, belov; -ICO' 

o0I5 
. 0 1 3 

(?) 

• 50 
..oL 
h-A: 
\ • j 

(.o0 

„28 
3-1 
2.9 

43=5 

41.0 
41-5 

47-5 
47-6 

(?) Lacking assays. 

i 

i 

j' 



E C S T A L L M I N I N G L I M I T E D 
T A S U f b l D l l R V Or 

T E X A S G U L F S U L P H U R C O M P A N ' 
T I M M J N S . O N T A R I O 

I N T E R - O F F I C E MEMORA ND UM 

Pate: September 4, 1970 
To: M . M a r s h a l l 
From: E. B o l j T o r c l 
Subject: ECSTALL RIVER PROPERTY 

The ore r e s e r v e s f o r t h i s p r o p e r t y "have been' c a l c u l a t e d f r e 
q u e n t l y by a s s o r t e d i n d i v i d u a l s and g e n e r a l l y , t h e d e p o s i t has 
been e s t i m a t e d t o c o n t a i n about 7.8 m i l l i o n t o n s o f s u l p h i d e s 
i n two zones d e s i g n a t e d t h e n o r t h l e n s e and s o u t h l e n s e . 

The n o r t h l e n s e has been w e l l d e f i n e d and e s t i m a t e d t o be t h e 
r i c h e r zone a p p r o x i m a t i n g 3.3 m i l l i o n t o n s o f 0.8% Cu. & 2% 
Zn. o f w h i c h about 4 0 % o f t h e m i n e r a l v a l u e i s c o n t a i n e d i n 15% 
o f the s u l p h i d e s . The f o o t w a l l and h a n g i n g w a l l o f t h i s zone 
approach v a l u e s i n t h e o r d e r o f 3% Cu. over 5 f o o t w i d t h s . 

The south l e n s e w h i c h i s open a t depth and t o t h e s o u t h was e s 
t i m a t e d t o c o n t a i n t h e r e m ainder g r a d i n g 0.4% Cu. & 3.2% Zn. 
The upper p o r t i o n o f t h i s zone i s o f somewhat b e t t e r Cu. grade 
t h a n the l o w e r p o r t i o n w h i c h i s o f b e t t e r Zn. g r a d e . The Cu. 
m i n e r a l i z a t i o n i s n o t c o n f i n e d t o a s p e c i f i c sub-zone and s e l 
e c t i v e m i n i n g i s i m p r a c t i c a l . 

The w a l l r o c k o f t h e s u l p h i d e zone i s d e s c r i b e d as r a t h e r i n 
competent and h e a v y d i l u t i o n w o u l d be a n t i c i p a t e d . 

F l o t a t i o n t e s t i n g on t h e o r e a t Timmins i n d i c a t e d c o n c e n t r a t e s 
o f 26% Cu. @ 8 0 % r e c o v e r y and 55% Zn. @ 85% r e c o v e r y , t h e p r e 
c i o u s m e t a l s e n d i n g up i n the copper c o n c e n t r a t e . 

The l o c a t i o n o f t h e d e p o s i t i s r a t h e r remote and t h e c a p i t a l i n 
vestment w o u l d be q u i t e h i g h and I e x p e c t t h e r e t u r n on i n v e s t 
ment a l t o g e t h e r u n a t t r a c t i v e . 

, The p r o p e r t y as i t s t a n d s , i s a p y r i t e d e p o s i t . I f t h e r e i s a 
P a c i f i c market f o r cuprous p y r i t e , t h e n perhaps the d e p o s i t 
s h o u l d be e v a l u a t e d more c l o s e l y . O t h e r w i s e , we s h o u l d d i s p o s e 
o f or f o r g e t about t h e p r o p e r t y u n l e s s a d d i t i o n a l e c o n o m i c a l r e 
s e r v e s can be f o u n d t o h e l p d e f r a y t h e c a p i t a l c o s t r e q u i r e m e n t s 
A c o n s i d e r a b l e amount o f g e o l o g i c a l worlt has been done i n t h e 
immediate a r e a . P e r h a p s some o f t h e l e a d s s h o u l d b e _ p u r s u e d 
more v i g o r o u s l y - - "- b ^ / 
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C o p i e s : AG?, PRC, 
RDM, F i l e W 

J , E . B e l f o r d , 
C h i e f Mine fetWineex 
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Date February 12, 1980. 

To Mr. R.D. M o l l i s o n Locat ion Stamford 

G.R. P e a t f i e l d Locat ion Vancouver 

Su b j act ECSTALL RIVER DEPOSIT - SUMMARY 

Dr. Mannard has reques ted t h a t I prov ide you w i th a b r i e f summary o f 
our data on the E c s t a l l R i v e r d e p o s i t . There i s a wea l th o f i n f o rma t i o n both 
i n t h i s o f f i c e and a t K idd Creek , and I would be p leased to p r ov i de f u r t h e r 
data o r d i s cu s s the p rope r t y w i t h your s t a f f . 

The E c s t a l l R i v e r depos i t compr ises two o r more massive p y r i t e l enses 
con ta ined i n h ighgrade metamorphic rocks i n a pendant o r sc reen i n the Coast 
P l u t o n i c Complex. Our p re sen t i n t e r p r e t a t i o n i s t ha t the rocks have a s i g n i f 
i c a n t v o l c a n i c component and t h a t the depos i t i s vo l canogen i c . The massive 
su lph ides are coarse g r anu l a r p y r i t e w i t h smal l amounts o f i n t e r s t i t i a l c ha l c o 
p y r i t e , s p h a l e r i t e , p y r r h o t i t e and ga l ena . 

There have been s eve r a l tonnage and grade es t imates made f o r the d e p o s i t . 
The f i g u r e s quoted i n a 1961 r e po r t prepared by the c o n s u l t i n g f i r m o f Dolmage, 
Mason and Stewart a r e : 

Au (oz / ton) Ag (oz/ ton) Cut Zn% Fe% S% 

North Lens 0.015 0.50 0.80 2.0 43.5 49.5 
(3,400,000 tons) 

South Lens (above-100 1 ) 0.013 0.80 0.90 3.1 41.0 47.5 
(1 ,570 , 0 0 0 t ons ) 

South Lens (be low-100 1 ) ? ? 0.28 2.9 41.5 47.6 
(2,712,500 tons) 

The North Lens c on t a i n s a coherent h igher-grade s e c t i o n which has been 
v a r i o u s l y es t imated to c o n t a i n : 

tons Au (oz/ ton) Ag (oz / t on ) Cu% 

E.E. Mason (1941) 425,000 0.028 0.52 1.85 

H. MacDonald (Granby) 623,200 0.03 0.80 1.89 

Cont 'd 



The South Lens a l s o appears to c on t a i n a smal l tonnage g rad ing between 1% and 
2% Cu. 

The above f i g u r e s are based on cons i de rab l e d r i l l i n g and underground work. 
The f o l l o w i n g t a b l e i n d i c a t e s the d r i l l i n g d e n s i t y : 

No. o f ho les Holes i n ore F t . o f i n t e r s 

North Lens 

T .G .S . 
Granby 

Tota l 

South Lens (above-100 ' ) 

T .G .S . 
Granby 

Tota l 

South Lens (be low-100 ' ) 

T .G .S . 

33 
22 

55 

6 
_5 

11 

n 

23 

44 

6 
_5 

11 

3140 
4276 

7416 

172 
265 

437 

281 

I t i s obv ious t h a t the North Lens i s we l l t e s t e d but the South Lens , whi le 
s u f f i c i e n t l y d r i l l e d to g i ve a reasonab le es t imate o f the Fe and S c on t e n t s , 
has not been p r ope r l y e va l ua t ed f o r i t s base and prec ious metal c o n t e n t s . The 
South Lens i s open both a t depth and to the sou th . 

Some m i l l t e s t i n g work has been completed. Perhaps the most s i g n i f i c a n t 
obse rva t i on i s t h a t the p y r i t e g r a i n s are remarkably c l e a n , w i t h a lmost a l l the 
base and p rec ious metal va lues o c c u r r i n g i n t e r s t i t i a l l y . 

My f e e l i n g i s t h a t f u r t h e r work would be j u s t i f i e d , both on the depos i t 
i t s e l f and w i t h i n the d i s t r i c t . I enc lose some summary data f rom our f i l e s . 

G.R. P e a t f i e l d 

GRP:kdl 
e n c l . 

cc: Dr. G.W. Mannard - Golden 
Dr. P.L. Money - Toronto 




