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During the l a s t few years, a c t i v i t i e s i n B r i t i s h Columbia mining 

f i e l d s have g r e a t l y a c c e l e r a t e d ^ One prime f a c t o r f o r t h i s vigour 

i s the current h i g h values f o r base m e t a l s f n o t a b l y l e a d , z i n c , and 

copper* Consequently we f i n d that mines which were formerly marginal 

producers, may now be e x p l o i t e d at a p r o f i t . S i m i l a r i l y , prospects 

are being i n v e s t i g a t e d , and where ore i n d i c a t i o n s are f a v o r a b l e , these 

p r o p e r t i e s are r a p i d l y brought i n t o production* 

E s t e l l a mine may be chosen as a property whose development i s 

a d i r e c t r e s u l t of the high lead and z i n c p r i c e s * Although t h i s 

p roperty has been lenown since the beginning of t h i s century, i t has 

only been s e v e r a l years since i t s a c q u i s i t i o n and subsequent development . 

Since t h i s i s the f i r s t mineralographic study of ore specimens 

from t h i s camp, the w r i t e r hopes that t h i s report may be of some value* 
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INTRODUCTION 

The E s t e l l a group of m i n e r a l claims were f i r s t staked i n 1835 

by Prank Tracy and Harry Bradford* F i r s t s i g n i f i c a n t development 

a f t e r the o r i g i n a l s t a k i n g came i n 1897, when Alex Poison of Hoquiam, 

Washington, acquired the property. 

By 1902, three thousand f e e t of underground d r i f t i n g , surface 

t r e n c h i n g and other work had been completed* At t h i s time however, 

l e a d - z i n c ores were not amenable to s e p a r a t i o n , so the property 

l a y i d l e u n t i l 1927. At t h i s time the property was optioned to the 

Consolidated f i n i n g and Smelting Company, who d i d diamond d r i l l i n g 

and other e x p l o r a t o r y work, during the summers of 1927, and 1928, 

but t h e i r o p t ion was allowed to lapse i n 1^29. 

In A p r i l 1^50, a p r i v a t e company known as E s t e l l a Mines L t d . , 

acquired the property* The p o r t a l of the Hover Tunnel was opened 

r e v e a l i n g a h i g h l y m i n e r a l i z e d zone about 700 feet long* No caving 

of the workings had taken place from p o r t a l to the face* 

Events aimed at an e a r l y working of the mine succeeded each other 

r a p i d l y . By the end of 1^50, diamond d r i l l i n g had been s t a r t e d , 

and p r e p a r a t i o n was made f o r a permanent haulage way i n the E s t e l l a 

Tunnel* Other development t r a n s p i r e d q u i c k l y , and by November 1951, 
1 

E s t e l l a m i l l began operations, at a c a p a c i t y of 150 tons per day. 

1* "The S t o r y of E s t e l l a * * - W. M. Hand and Company. 
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GENERAL GEOLOGY. 

The E s t e l l a group of claims are located at an e l e v a t i o n of 

6100 f t . , a s t r i d e a p o r t i o n of Pre-Cambrian P u r c e l l formation, which 

outcrops on the west f l a n k of the Rocky Mountains, about SO m i l e s 

north-east of Kimberley. The P u r e e l l formation c o n s i s t s of gray-white 

banded q u a r t z i t e s , b l a c k a r g i l l i t e s and at l e a s t one d i o r i t e s i l l . 

These formations are f o l d e d , forming a l a r g e , n o r t h e r l y s t r i k i n g 

a n t i c l i n a l s t r u c t u r e . 

The E s t e l l a ore zone i s a replacement type d e p o s i t , l o c a l i z e d 

w i t h i n a s o u t h - e a s t e r l y trending shear zone, d i p p i n g about 50-55 

degrees to the south-west. The ore occurs i n shoots slong the 

m i n e r a l i z e d zone that extends f o r about 700 feet i n the upper l e v e l . 

These lenses or shoots vary both i n number and width w i t h i n t h i s 

zone of s h e a r i n g , which i n t u r n v a r i e s from a few feet to 20 or 

30 feet i n width. Values are c h i e f l y i n z i n c , although s u b s t a n t i a l 

lead occurs i n the lower l e v e l immediately a d j o i n i n g a f a u l t d i s 

p l a c i n g the m i n e r a l i z e d zone. 

Since the rock types of t h i s area are i d e n t i c a l to those of the 

Kimberley and Coeur d*Alene d i s t r i c t s , the w r i t e r f e e l s that the 
2 

E s t e l l a mine i s favourably l o c a t e d w i t h regard to f u t u r e p o s s i b i l i t i e s . 

2. P ersonal o b s e r v a t i o n . 
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LOCATION" OF SECTIONS 

Rover L e v e l - E l e v a t i o n 6250 f t . 

S e c t i o n No* L o c a t i o n 

R - l > Near foot w a l l No. 4 x-c. 

R-2 Near hanging w a l l No. 4 x-c. 

R-3 Near foot w a l l No.6 x-c. 

R-4 No* 12 x-c. 

B. E s t e l l a L e v e l - E l e v a t i o n 6100 f t . 

S e c t i o n No* L o c a t i o n 

E - l 15 f t . N. W* of No. 1 f a u l t . 

E-2 5 f t . N. W. of No. 1 f a u l t * 

E-3 100 f t . S. E. of No. 1 f a u l t . 

E-4 opposite E-4 r a i s e stub. 

E-5 E-4 r a i s e T 4 0 f t . above r a i l . 

E-6 E-4 r a i s e , 5 5 f t . above r a i l . 
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MINERALOGY 

A. Macroscopic 

I* Specimens from the Rover L e v e l * 

The hand specimens from t h i s l e v e l are very h i g h grade, appearing 

a t f i r s t glance to be composed e n t i r e l y o l r e d d i s h "brown s p h a l e r i t e * 

However, quartz g r a i n s averaging 3 m.m. i n diameter, euhedral p y r i t e 

c r y s t a l s up to 2 m.m. i n diameter, together w i t h a small amount of 

disseminated galena are a l s o v i s i b l e * The above mentioned minerals 

and a small amount of c a l c i t e , probably added subsequently to the 

main m i n e r a l i z a t i o n , composes v i r t u a l l y a l l of the v i s i b l e m i n e r a l 

i z a t i o n * 

Z. Specimens from the E s t e l l a L e v e l * 

Specimens E - l and E-£ are not as h i g h l y m i n e r a l i z e d as those 

from the Rover L e v e l * They are composed of resinous s p h a l e r i t e , w i t h 

bands of quartz and unreplaced l e n t i c u l a r p a r t i c l e s of whitish-gray 
r 

q u a r t z i t e * Galena i s more v i s i b l y present, occuring as t i n y s t r i n g e r s 

and disseminated p a r t i c l e s . P y r i t e , as i n the Rover specimens, 

tends to occur as euhedral g r a i n s . 

Specimens E-3 to E-6 i n c l u s i v e , s e l e c t e d from a s e c t i o n past 

a f a u l t d i s p l a c i n g the m i n e r a l i z e d zone, show a marked change. 

These specimens are a l s o h i g h grade, but galena i s the major m e t a l l i c 

m i n e r a l . Specimen E-3 appears to c o n s i s t almost e n t i r e l y of galena. 

Closer examination however, shows that the galena has replaced the 
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s p h a l e r i t e , l e a v i n g w e l l rounded or corroded p a r t i c l e s of s p h a l e r i t e 

up to approximately 3 cm. i n diameter, together w i t h p a r t i c l e s of 

w a l l rock, p y r r h o t i t e , and g r a i n s of quartz. 

The remainder of the specimens are taken from the same ar e a , 

but are higher i n e l e v a t i o n . They show a very f i n e grained mixture 

of galena and s p h a l e r i t e present i n about equal amounts. 

I n general the specimens e x h i b i t s t r o n g replacement t e x t u r e s , 

namely s p h a l e r i t e r e p l a c i n g country rock and l a s t l y , galena r e p l a c i n g 

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

B# M i c r o s c o p i c 

JL. Sulphides 

S p h a l e r i t e i s by f a r the most common s u l p h i d e . P o l i s h e d s e c t i o n s 

of specimens from the Rover L e v e l , show very massive s p h a l e r i t e , e a s i l y 

r e c o gnizable by i t s i s o t r o p i c character under p o l a r i z e d l i ght , i n t e r n a l 

r e f l e c t i o n and mouse-gray c o l o r . Twinning i n the s p h a l e r i t e i s very 
i n 

common, resultingAa banding e f f e c t and showing i n some cases an appar

ent d i f f e r e n c e of r e l i e f between bands. However, these areas under 

r e f l e c t e d l i g h t , appear homogeneous. Secti o n s E-4 to 1^6, show 

a very f i n e grained mixture of s p h a l e r i t e and galena. The s p h a l e r i t e 

has been s t r o n g l y replaced by the galena, the two showing d i s t i n c t i v e 

replacement t e x t u r e s . R e s i d u a l w e l l rounded fragments of s p h a l e r i t e 

i n the more massive galena, range i n s i z e from s e v e r a l centimeters 

i n diameter down to p a r t i c l e s a few microns i n width. 
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I n c l u s i o n s of s e v e r a l other minerals i n the s p h a l e r i t e w i l l 

be discussed under t h e i r appropriate headings* 

Galena i s the next dominant sulphide* I t s d i s t i n c t i v e p i t s 

and c o l o r under p o l a r i z e d l i g h t renders i t s i d e n t i f i c a t i o n simple* 

However, two methods of occurrence were noted by the w r i t e r * In a l l 

specimens from the mine, a large part of the galena occurs as very 

well-rounded i n c l u s i o n s i n the s p h a l e r i t e , and as d i f f u s i o n bodies 

at q u a r t z - s p h a l e r i t e g r a i n boundaries. These i n c l u s i o n s range i n 

s i z e from 60 microns down to the l i m i t of microscopic r e s o l u t i o n . 

Sections E-3 to E-6 show a d i f f e r e n t method of occurrence of the 

galena* I n a d d i t i o n to rounded i n c l u s i o n s that are s t i l l present 

i n the s p h a l e r i t e , large massive veins and bands of galena t r a n s e c t 

i n g the s p h a l e r i t e , are e s p e c i a l l y n o t i c e a b l e * Galena has completely 

replaced the s p h a l e r i t e i n s e c t i o n s , l e a v i n g only rounded " i s l a n d s * 

of s p h a l e r i t e and unreplaced p y r r h o t i t e . 

G r a i n boundaries of the h o s t ( s p h a l e r i t e ) and the metasome (galena) 

are g e n e r a l l y smooth and c u r v i n g . Hot only i s * c a r i e s w t e x t u r e 

observed, but i t s reverse i s more often than not the case. However, 
3 

t h i s i s common i n l e a d - z i n c ores and d e a r i e s * t e x t u r e though sug

g e s t i v e of replacement, i s not always a r e l i a b l e i n d i c a t i o n . 

3* Edwards - "Textures of Ore M i n e r a l s " • p. 107 
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This replacement t e x t u r e was a l s o observed to a much l e s s e r 

degree i n s e c t i o n s from other parts of the mine. I t i s a l s o p o s s i b l e 

that some of these l e s s e r replacement t e x t u r e s represent s p h a l e r i t e 

f r a c t u r e networks f i l l e d by galena d u r i n g the s p h a l e r i t e m i n e r a l i z a 

t i o n p e r i o d . I n any event, i t appears that the major lead occurrence 

i s confined to that s e c t i o n of the mine beyond No. 1 f a u l t . 

C a r e f u l observation of galena shows i t t o be apparently hoiao-
4 

geneous, t h e r e f o r e the small amount of s i l v e r reported i s probably 

accomodated i n the galena molecule. 

Cleavage planes w i t h i n the galena are o f t e n t w i s t e d or curved, 

as i f the galena had been s t r a i n e d by sm a l l movements contemporan

eous w i t h i t s depostion. 

P y r i t e occurs i n l a r g e , f a i r l y euhedral g r a i n s throughout the 

s p h a l e r i t e , i n some s e c t i o n s more p l e n t i f u l than others. The c r y s t a l s 

are v a r i a b l e i n s i z e ; t h e i r lower l i m i t i s about 500 micsons. The 

p y r i t e content i n the se c t i o n s s t u d i e d , would not appear t o c o n s t i t u t e 

much more than 5% of the m i n e r a l i z a t i o n . 

P y r r h o t i t e i s f a i r l y common, occuring i n part as randomly d i s -

trubuted p a r t i c l e s i n the s p h a l e r i t e . Much of the p y r r h o t i t e i s a l s o 

l o c a t e d at the q u a r t z - s p h a l e r i t e g r a i n boundaries. The p a r t i c l e s 
5 

range i n s i z e from 65 microns t o microscopic b l e b s . According t o 

Edwards, i r o n s u b s t i t u t i n g f o r z i n c i n s p h a l e r i t e , unmixes on c o o l i n g 
4. 2 oz. S i l v e r per ton - Company Reports. 
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i n t o a mixture of s p h a l e r i t e and p y r r h o t i t e . The appearance of the 

p y r r h o t i t e s t r o n g l y suggests e x s o l u t i o n t e x t u r e . 

P y r r h o t i t e i s u s u a l l y r e a d i l y i d e n t i f i a b l e because of i t s "pyr

r h o t i t e " c o l o r , anisotropism c o l o r s , r e l i e f , hardness and magnetic 

p r o p e r t i e s . I t s magnetic p r o p e r t i e s were made use of i n se p a r a t i n g 
o 

a small amount f o r X-ray purposes. 

C h a l c o p y r i t e . A small amount of c h a l c o p y r i t e i s v i s i b l e i n some 

s e c t i o n s . Most areas are e n t i r e l y devoid of c h a l c o p y r i t e , but an 

oc c a s i o n a l small area of s p h a l e r i t e contains a myriad of small blebs 

and blades. A few of the blades are oriented p a r a l l e l t o the s p h a l 

e r i t e twinning* but o f t e n c r y s t a l l o g r a p h i c d i s t r i b u t i o n i s not appar

ent. 

The w r i t e r i s f a i r l y confident that the c h a l c o p y r i t e i s of ex-

s o l u t i o n nature, s i n c e s p h a l e r i t e and c h a l c o p y r i t e are capable of 
6 

some degree of s o l i d s o l u t i o n at elevated temperatures. 

5. The i d e n t i f i c a t i o n of a l l the microscopic blebs as p y r r h o t i t e 

may be i n c o r r e c t . 

6. Edwards - "Textures of the Ore M i n e r a l s " , p. 79. 
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Cobalt. A c a r e f u l search f a i l e d to r e v e a l any cobalt m i n e r a l , 

although 0.05$ i s reported to be present i n the z i n c concentrate. 

A sm a l l amount of concentrate was superpanned and a p o r t i o n of 

the t i p was X-rayed, while the remainder was mounted f o r micro

scopic i n s p e c t i o n . ^ - J ^ ^ ^ . ^ ^ / / . 

X-ray r e s u l t s showed cobalt to be present i n the t i p , although 

microscopic examination of the mount betrayed only s p h a l e r i t e , 

galena, p y r i t e , p y r r h o t i t e and very minor c h a l c o p y r i t e . 

A s m a l l amount of p y r r h o t i t e was i s o l a t e d and X-rayed. Only 

a f a i n t t r a c e of cobalt was reported by Dr. Thompson, who then 

requested a small amount of pure s p h a l e r i t e * The m a t e r i a l f o r 

a n a l y s i s was se l e c t e d under a b i n o c u l a r microscope, a f t e r p o l i s h e d 

s e c t i o n study had i n d i c a t e d that the s p h a l e r i t e could thus be 

freed from other m a t e r i a l s . X-ray photographs showed the presence 

I t would appear t h e r e f o r e , that the cobalt i s contained w i t h i n 

the s p h a l e r i t e molecule and as such cannot be removed from the 

z i n c concentrate. ^ _ % , ^ ,i^M^ 

of both cobalt and cadmium. -XL 

7. Company Reports. 
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Paragenesis 

A p a r t i a l understanding of the sequence of d e p o s i t i o n of ore minerals 

may be determined from v i s u a l study of hand specimens, but a f u l l under

standing can be obtained only from t e x t u r e s revealed i n p o l i s h e d s e c t i o n s . 

However, the paragenesis of t h i s ore appears simple, and an almost complete 

understanding may be obtained from the study of the hand specimens. 

The f i r s t m i n eral to be deposited was s p h a l e r i t e , r e p l a c i n g the host 

rock. A small amount of galena appears to be contemporaneous, as i t occurs 

as rounded i n c l u s i o n s and f i l l i n g f r a c t u r e s w i t h i n the s p h a l e r i t e * 

Simultaneous d e p o s i t i o n may be i n f e r r e d f o r the p y r r h o t i t e and chalcopy

r i t e , s ince they occur as e x s o i u t i o n bodies w i t h i n the s p h a l e r i t e . Quartz 

has a l s o been deposited w i t h the s p h a l e r i t e . 

Most of the galena i s l a t e r than the s p h a l e r i t e , as e x c e l l e n t replace

ment text u r e s i n d i c a t e . Ho i n t e r r u p t i o n of m i n e r a l i z a t i o n need be i m p l i e d 

s i n c e a simple overlapping d e p o s i t i o n may e x i s t . However, the strong 

galena replacement textures i n specimens past No. 1 f a u l t poses an i n t e r 

e s t i n g question. Since the replacement textures are p r a c t i c a l l y absent 

i n other s e c t i o n s of the mine, has a period of galena m i n e r a l i z a t i o n 

followed the period of f a u l t i n g that o f f s e t s the main m i n e r a l i z e d zone? 

A s t r a i g h t mineralographic d e c i s i o n would assume t h i s to be the case. 

A sequence of events may be tabulated from mineralographic i n f e r 

ences. 

1. Development of n i a i n shearing zone. 

2. Main s p h a l e r i t e m i n e r a l i z a t i o n along shear zone d u r i n g or a f t e r 



13 

shearing. 

3. Cross or transverse f a u l t i n g , d i s p l a c i n g the m i n e r a l i z e d zone. 

4. P e r i o d of galena m i n e r a l i z a t i o n t e r m i n a t i n g f o r the most p a r t , 

at the d i s p l a c i n g f a u l t . 

Since other f a c t o r s depending on v i s u a 1 i n s p e c t i o n of the mine may 

prove to be more c o n c l u s i v e , the w r i t e r f e e l s t h a 4 the minoralograpnic 

c o n c l u s i o n should be accepted as a p u r e l y academic s o l u t i o n . 

Temperature of Formation. 

The temperature of formation may i n part be i n f e r r e d from the ap

parent presence of two sulphide s o l i d s o l u t i o n s , namely s p h a l e r i t e - p y r -

r h o t i t e and s p h a l e r i t e - c h a l c o p y r i t e . The f o l l o w i n g temperature ranges 

of sulphide s o l i d s o l u t i o n s have been adopted from Edwards - "Textures 

of Ore Minerals.* 1 

S p h a l e r i t e - c h a l c o p y r i t e - 350-400 degrees centigrade 

S p h a l e r i t e - p y r r h o t i t e - e x s o i u t i o n temperature not g i v e n . 

Since a s p h a l e r i t e - c h a l c o p y r i t e system probably e x i s t s , a t e n a t i v e 

temperature range would be at l e a s t 350-400 degrees centigrade. Accord

i n g to Edwards, the lower the con c e n t r a t i o n of s o l u t e , the lower the 

temperature at which unmixing occurs. In any case the temperature of 

formation was at l e a s t 350 degrees centigrade and probably considerably 

above i t . 

The presence of e x s o i u t i o n p y r r h o t i t e may i n d i c a t e a c e r t a i n temp

erature range, however, in f o r m a t i o n regarding unmixing temperatures of 
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p y r r h o t i t e could not be found or has never been determined by 

any i n v e s t i g a t o r s . 

The deposit shows l i t t l e , i f any w a l l rock a l t e r a t i o n , t h e r e f o r e , 

i t i s probable that only moderate temperatures p r e v a i l e d at the time 

of m i n e r a l i z a t i o n . 
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Conclusions. 

S e v e r a l conclusions with, respect to the sequence of m i n e r a l i z a t i o n 

and temperature of formation have teen stated p r e v i o u s l y i n t h i s r e p o r t . 

Other conclusions not yet mentioned may a l s o be formed. 

1. Only one period of s p h a l e r i t e m i n e r a l i z a t i o n i s i n d i c a t e d . V a r i a 

t i o n s i n the c o l o r of the s p h a l e r i t e i s due to the i r o n present i n the 
8 

s p h a l e r i t e l a t t i c e . Based on c o l o r , the average i r o n content of the 

s p h a l e r i t e would le at l e a s t 5%. The s p h a l e r i t e near the margins of i n 

d i v i d u a l ore bodies i s u s u a l l y of l i g h t e r c o l o r tan that c e n t r a l l y l o c a l 

i z e d * I t may a l s o be noted that the s p h a l e r i t e r e p l a c i n g q u a r t z i t e i s 

commonly more resinous than that r e p l a c i n g p y r i t i z e d d i o r i t e ; the l a t t e r 

probably a s s i m i l a t i n g p y r i t e from the d i o r i t e . 

2. The w r i t e r could not n o t i c e any cobalt minerals i n the p o l i s h e d sec

t i o n s . S i n c e > X ^ i ? ^ r e s u l t s i n d i c a t e d cobalt t o be present i n the sphaler

i t e molecule, any attempt to remove i t from the z i n c concentrate by m i l 

l i n g or f l o t a t i o n methods would be use l e s s . 

3. Some i n d i c a t i o n of zoning may be i n d i c a t e d i n the south-eastern sec

t i o n of the mine past No. 1 f a u l t on E s t e l l a L e v e l . In t h i s area massive 

galena g r a d u a l l y changes to a f i n e grained mixture of galena and sp h a l 

e r i t e as we move higher i n the ore zone. The amount of galena a l s o ap

pears to le s s e n not only upwards but a l s o i n a n o r t h e r l y d i r e c t i o n along 

the d r i f t past No. 1 f a u l t . 

4. Average g r a i n s i z e s of the mineral c o n s t i t u e n t s may be determined by 

references t o photographs at the end of the r e p o r t . G r i n d i n g to a s i z e 

necessary to f r e e a l l c o n s t i t u e n t s would r e s u l t i n over g r i n d i n g and 
8. Edwards - "Textures of Ore M i n e r a l s . * 
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production of slime f e s p e c i a l l y of galena. I t would t h e r e f o r e , pro

bably be uneconomic to attempt to produce too pure concentrates of lead 

and s i n e . 



P l a t e 1 xSOO 

Po l i s h e d Section; E-6. Galena r e p l a c i n g s p h a l e r i t e 
l e a v i n g remnants of s p h a l e r i t e and unreplaced pyrrho
t i t e . 
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P l a t e 3 

x300 

P o l i s h e d S e c t i o n Well rounded s p h a l e r i t e 
remnants i n massive galena. 
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P l a t e 5 xSOO 

Polished S e c t i o n H-4. Jflassive s p h a l e r i t e con
t a i n i n g galena i n c l u s i o n s and minor replacement 
galena. 



Rover L e v e l , Rounded galena blebs i n s p h a l e r i t e , 
Note twinning i n s p h a l e r i t e . 



• 

• 




