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1. 

THE J . AND L. ORE. 

I n t r o d u c t i o n . 
The J . and L. group of claims i s l o c a t e d between the 

south and east f o r k s of Games creek, approximately 30 m i l e s 
north of Revelstoke, B.C. The claims l i e on the shoulder of 
Goat Mountain about 8 m i l e s by t r a i l from the Columbia R i v e r 
road. 

The deposit was discovered i n 1898 and since that 
time has been optioned to numerous i n d i v i d u a l s and companies. 
The p r e l i m i n a r y g e o l o g i c a l i n v e s t i g a t i o n s which have been 
c a r r i e d out show that the deposit contains at l e a s t 800,000 
tons of a good grade of l e a d - z i n c ore c a r r y i n g gold and s i l v e r 
v a l ues. Development work on the aeposit has been held back 
i n view of the d i f f i c u l t i e s encountered i n producing a market­
able concentrate and the f a c t that the ore i s of a r e f r a c t o r y 
type. 

1 
General Geology. 

The rocks i n the v i c i n i t y of the J . and L. group 
are c h i e f l y s c h i s t and limestone w i t h o c c a s i o n a l bands of 
q u a r t z i t e . The v e i n or m i n e r a l i z e d zone occurs at "or near 
a s c h i s t - l i m e s t o n e contact that s t r i k e s 65 to 75 degrees west 
(magnetic) and dips 30 to 55 degrees to the north east ( i n t o 
Goat Mountain). This contact has been tra c e d f o r s e v e r a l 
thousand f e e t up the h i l l s i d e . The m i n e r a l i z e d zone i s not 
continuous throughout t h i s d i s t a n c e . In places i t reaches 
(1) H. C. Gunning, G.S.C. Summary Report, 1928. 

f 
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a width of s i x to eight f e e t . The hanging w a l l c o n s i s t s of 
s c h i s t and the f o o t w a l l of limestone. Gouge i s present i n 
many pl a c e s . The sulphides occur as v e i n l e t s , lenses, or 
bunches. The v e i n matter has been e x t e n s i v e l y a l t e r e d and 
decomposed. 

The s c h i s t on the hanging w a l l of the vein i s an 
a l t e r e d q u a r t z i t e sheared t o s e r i c i t e s c h i s t . Under the 
microscope i t i s seen to c o n s i s t of quarts, p y r i t e i n cubes, 
s e r c i t e , and a l i t t l e t a l c . The ore l i e s along a w e l l 
defined shear zone, on the contact of marble and s c h i s t and 
has been formed i n part by f i l l i n g of the shear zone, and 
i n part by replacement, p a r t i c u l a r l y of the f o o t w a l l marble. 

General Mineralogy. 
The mineralogy of the deposit i s complex i n i t s 

a s s o c i a t i o n s and character. The minerals present, although 
r e l a t i v e l y common, are so f i n e grained that the determination 
of t h e i r r e l a t i v e abundance^and genetic r e l a t i o n s h i p s i s 
very d i f f i c u l t . 

Megascopic examination of the ore r e s u l t e d i n the 
i d e n t i f i c a t i o n of a r s e n o p y r i t e , p y r i t e , quartz, c a l c i t e , 
s p h a l e r i t e , and acsmall-amount of c h a l c o p y r i t e . P y r r h o t i t e 
was a l s o noted i n the hand specimens. Nor other minerals 
could be i d e n t i f i e d i n the hand specimens because of the 
extremely f i n e grained nature of the ore. I t was noted i n 
s e v e r a l of the specimens that the ore takes on a banded 
appearance; the i n d i v i d u a l bands having e i t h e r gangue or one 
of the more abundant sulphides as t h e i r main component. 
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One p o l i s h e d s e c t i o n was prepared from each of four 
specimens which had been s e l e c t e d at random from a quantity of 
the ore. The f o l l o w i n g minerals were i d e n t i f i e d i n the 
p o l i s h e d s e c t i o n s ; 

Ore M i n e r a l s . Gangue M i n e r a l s . 
P y r i t e Quartz 
Arsenopyrite C a l c i t e 
S p h a l e r i t e 
Galena 
Chalcopyrite 
A n g l e s i t e 
T e t r a h e d r i t e 
Bournonite 

P y r i t e and arsenopyrite are the two most abundant 
minerals present i n the s e c t i o n s examined. S p h a l e r i t e i s 
next i n abundance followed by galena, c h a l c o p y r i t e , and 
a n g l e s i t e . T e t r a h e d r i t e and bournonite are the two l e a s t 
abundant minerals i " the s e c t i o n s . quartz and c a l c i t e are 
the gangue minerals and form about 10 per cent of the s e c t i o n s . 

An a n a l y s i s of the ore was c a r r i e d out by the Mines 
Branch, Department of Mines, Ottawa, and the f o l l o w i n g r e s u l t s 
were obtained: 

Gold 0.52 oz. per ton 
S i l v e r .3.50 ff 

Zinc 4.57 per cent 
A r s e n i c 11.90 ,f 

Copper 0.15 " 
Lead 6.0 " 
Iron 21.8 ft 

Antimony.... 0.22 " 
Insoluble...16.38 H 



4. 

D e t a i l Mineralogy. 
P y r i t e . - In the s e c t i o n s examined p y r i t e appears to be 

one of the most abundant m i n e r a l s . I t occurs as rounded, 
crushed grains w i t h a few grains showing the t y p i c a l cubic 
c r y s t a l form. The average g r a i n s i z e i s approximately 500 
microns w i t h a few gr a i n s reaching a maximum of 2000 microns. 
The borders between the p y r i t e and i t s a s s o c i a t e s are u s u a l l y 
i r r e g u l a r ; the i r r e g u l a r i t i e s being caused by the f r a c t u r e d 
and p i t t e d c o n d i t i o n of the g r a i n s . The f r a c t u r e d appearance 
of the p y r i t e g r a i n s suggests e a r l y d e p o s i t i o n f o l l o w e d by 
movement i n the v e i n . The p y r i t e i s replaced and cut by 
quartz and c a l c i t e both of which were introduced a f t e r the 
f r a c t u r i n g of the p y r i t e . The p y r i t e has been replaced but 
i t i s nowhere seen r e p l a c i n g other m i n e r a l s . 

A r s e n o p y r i t e . - The a r s e n o p y r i t e i s present i n the 
se c t i o n s i n q u a n t i t i e s approximately equal that of the p y r i t e . 
HkmygDf itheiigraito©efaa¥eabeen crushed and appear as a f i n e l y 
disseminated mass of c r y s t a l fragments. Other g r a i n s show 
the t y p i c a l diamond-shaped form. The s i z e of the gr a i n s 
averages 350-400 microns w i t h a few reaching a maximum of 
1500 microns. The borders between the ars e n o p y r i t e g r a i n s ' 
and the other minerals i s commonly i r r e g u l a r . Like the 
p y r i t e , a r s e n o p y r i t e has been cut and replaced by gangue, 
s p h a l e r i t e and l a t e r m i n e r a l s . The f r a c t u r e d appeferance of 
the a r s e n o p y r i t e w i t h replacement by gangue suggests that i t 
was deposited contemporaneously w i t h the p y r i t e . The arseno­
p y r i t e i s nowhere seen to cut or replace p y r i t e or any other 
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m i n e r a l s . The bands of the ore which contain the highest 
percentage of ar s e n o p y r i t e have galena, s p h a l e r i t e and gangue 
as the main a s s o c i a t e s and only minor amounts of p y r i t e and 
the s u l p h o - s a l t s , and l i t t l e or no c h a l c o p y r i t e . 

S p h a l e r i t e . - S p h a l e r i t e ranks t h i r d i n abundance as an 
ore m i n e r a l i n the s e c t i o n s . I t i s present as v a r i o u s l y 
shaped patches and blebs ranging i n s i z e from 20 microns t o 
5-6 mm. i n diameter. The mineral a l s o occurs as v e i n l e t s and 
elongated patches, the l a t t e r imparting a banded appearance to 
the ore. The borders of the s p h a l e r i t e are i r r e g u l a r where , r 

the m i n e r a l contacts a r s e n o p y r i t e and p y r i t e , and become^ more 
r e g u l a r where i t i s replaced by the l a t e r sulphides and sulpho-
s a l t s . S p h a l e r i t e i s found c u t t i n g across and r e p l a c i n g 
gangue, p y r i t e , and a r s e n o p y r i t e . Tinyyblebs of c h a l c o p y r i t e 
were noted w i t h i n the s p h a l e r i t e i n one s e c t i o n . The sulpho-
s a l t s are u s u a l l y a s s o c i a t e d w i t h the s p h a l e r i t e and are seen 
to replace i t . Galena occurs as the l a t e s t replacement of the 
s p h a l e r i t e . 

I t was noted that i n the hand specimens the s p h a l e r i t e 
has a decided blue t i i i g e P t M i t s c o l o u r . The blue colour i s 
a l s o n o t i c e a b l e i n the p o l i s h e d s e c t i o n s and the s p h a l e r i t e 
resembles c h a l c o c i t e i n appearance. T h i s blue s t a i n i s 
caosedlby the presence of manganese i n the s p h a l e r i t e . 

Galena.- Galena ranks approximately f o u r t h i n abundance 
i n the s e c t i o n s . I t occurs as v e i n l e t s and small blebs. 
The v e i n l e t s are not u s u a l l y continuous nor are they very 
uniform i n width. The g r a i n s or blebs of the m i n e r a l average 
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60-70 microns i n diameter. Where the galena contacts or 
replaces gangue and the s u l p h o - s a l t s , the borders of the grains 
are quite r e g u l a r . In most other cases however, the borders 
tend to be i r r e g u l a r w i t h tongues of galena extending i n t o the 
e a r l i e r s ulphides. Galena i s the l a t e s t m e t a l l i c m i n e r a l to be 
introduced and i t i s seen to cut across and replace gangue, 
a r s e n o p y r i t e , p y r i t e , s p h & l e r i t e , and c h a l c o p y r i t e . I t a l s o 
appears to replace t e t r a h e d r i t e and bournonite.with which i t 
i s f r e q u e n t l y a s s o c i a t e d . The most common as s o c i a t e of the 
galena i s s p h a l e r i t e . 

C h a l c o p y r i t e . - C h a l c o p y r i t e ranks below galena i n 
abundance i n the ore. I t shows a d e f i n i t e " s p o t t y " occurrence 
i n the s e c t i o n s and i n the hand specimens. Three of the f o u r 
s e c t i o n s examined showed l i t t l e or no c h a l c o p y r i t e ; that which 
d i d occur being only t i n y blebs averaging 10-15 microns i n 
diameter. The f o u r t h s e c t i o n examined showed a considerable 
amount of c h a l c o p y r i t e o c c u r r i n g as v e i n l e t s c u t t i n g across 
the p y r i t e g r a i n s . C h a l c o p y r i t e seems to favour phei.presence 
o f o p y r i t e i f o r o i t s - d e p o s i f c i e n . The v e i n l e t s of c h a l c o p y r i t e 
were more uniform and continuous than the v e i n l e t s of galena. 
These v e i n l e t s average 300 microns i n width. The borders 
of the c h a l c o p y r i t e blebs are smooth, whereas the borders of 
the v e i n l e t s tend to be r a t h e r I r r p g u i a t t e i a i d e t a i l s eCha&co-
p y r i t e shows replacement by galena and i s i t s e l f seen to be 
r e p l a c i n g s p h a l e r i t e , c p y r | t e ^ x a r s e n o p y r i t e , and gangue. 
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A n g l e s i t e . - A n g l e s i t e i s present as an a l e r a t i o n product 
of galena. The contact between the a n g l e s i t e and the galena i s 
i r r e g u l a r . Small i n c l u s i o n s of galena are present w i t h i n the 
a n g l e s i t e . 

T e t r a h e d r i t e . - T e t r a h e d r i t e occurs as s c a t t e r e d g r a i n s 
and minute i n c l u s i o n s i n a relati¥ely small q u a n t i t y . The 
gr a i n s i z e averages 40 microns w i t h a gew gra i n s up t o 200 
microns i n s i z e . The boundaries of the g r a i n s are g e n e r a l l y 
smooth and rounded. The g r a i n s are oft e n i r r e g u l a r i n shape. 
T e t r a h e d r i t e i s a s s o c i a t e d w i t h s p h a l e r i t e , bournonite, and 
u s u a l l y w i t h galena. I t someti..ea occurs as t i n y blebs i n 
the galena. There i s no evidence as to whether i t was 
deposited at the same time as the c h a l c o p y r i t e or a f t e r the 
c h a l c o p y r i t e . 

Bournonite.- Minor q u a n t i t i e s of t h i s m i n e r a l were 
i d e n t i f i e d i n the s e c t i o n . I t shows up as the only a n i s o t r o p i c 
m e t a l l i c m i n e r a l i n the s e c t i o n s ana i n one instance showed 
tv^inning. The l a r g e s t g r a i n s observed had a maximum diameter 
of 200 microns while the average g r a i n s i z e was approximately 
35 microns. The grains are often i r r e g u l a r i n shape but have 
smooth boundaries. Bournonite was almost i n v a r i a b l y a s s o c i a t e d 
w i t h t e t r a h e d r i t e and often w i t h galena and s p h a l e r i t e . 
I t was probably introduced at the same time as the t e t r a h e d r i t e . 

Gangue M i n e r a l s . - The gangue minerals are quartz and 
c a l c i t e . The r a t i o of quartz t o c a l c i t e present v a r i e d i n each 
s e c t i o n but i n general the gangue i s s i l i c e o u s . The gangue 



8. 

minerals occur as s t r i n g e r s or bands c o n t a i n i n g l i t t l e or no 
sulphides and a l s o as replacement blebs and s t r i n g e r s i n t e r -
grown w i t h the sulphides. The bands of gangue have widths up to 
4 mm. w i t h the i n d i v i d u a l bands of quartz or c a l c i t e averaging 
250-300 microns i n width. Qjiartz and c a l c i t e aeyes t f w i t h 
diameters up to 5 mm. were noted i n the hand specimens. The 
boundaries between the quarz and the c a l c i t e are u s u a l l y 
smooth w i t h only o c c a s i o n a l i r r e g u l a r i t i e s . Where the gangue 
has replaced p y r i t e or arsenopyrite the borders are u s u a l l y 
i r r e g u l a r . Boundaries between the gangue and s p h a l e r i t e are 
commonly i r r e g u l a r while the boundaries between the gangue and 
l a t e r sulphides and s u l p h o - s a l t s are :smoD£h and w e l l - d e f i n e d . 

The gangue replaces and cuts across the p y r i t e and 
arse n o p y r i t e and has i n places been replaced by s p h a l e r i t e . 
Small blebs of c h a l c o p y r i t e were note i n the quartz i n one of 
the s e c t i o n s . The c a l c i t e replaces the quartz i n some pl a c e s . 

Paragenesis. 
The f i n e grained texture of the ore makes i t very 

d i f f i c u l t t o determine a c c u r a t e l y the sequence of d e p o s i t i o n 
f o r the var i o u s minerals present. The f r a c t u r e d appearance 
of both the p y r i t e and the a r s e n o p y r i t e , together w i t h the 
f a c t that n e i t h e r of the minerals are seen to replace any 
other m i n e r a l , suggests that these minerals were deposited 
f i r s t and contemporaneously. The d e p o s i t i o n of the p y r i t e 
and a r s e n o p y r i t e was followed by movement i n the v e i n which 
caused the f r a c t u r i n g of the two m i n e r a l s . The vein was then 
invaded by s o l u t i o n s which deposited quartz i n the f r a c t u r e s 
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of the sulphides and as s t r i n g e r s throughout the v e i n . The 
quartz d e p o s i t i o n was c l o s e l y followed by or accompanied by the 
d e p o s i t i o n of c a l c i t e which i n places has replaced the quartz 
ana the e a r l y sulphides. The gangue and sulphides were then 
replaced i n part by, s p h a l e r i t e . C h a l c o p y r i t e i s seen 
r e p l a c i n g s p h a l e r i t e and t h e r e f o r e may be considered to 
f o l l o w s p h a l e r i t e i n the sequence of d e p o s i t i o n . T e t r a h e d r i t e 
and bournonite were probabley deposited together at the same 
time as the c h a l c o p y r i t e although there i s no evidence e i t h e r 
f o r or against t h i s statement. Galena i s the l a t e s t m i n e r a l 
introduced and i n places i t has been a l t e r e d to form a n g l e s i t e . 

The sequence stated above seems to be a s a t i s f a c t o r y 
explanation of the c o n d i t i o n s observed i n the p o l i s h e d s e c t i o n s . 

p y r i t e 
Arsenopyrite 
^aartz 
C a l c 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 
T e t r a h e d r i t e 
Bournonite 
Galena 
A n g l e s i t e 
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Type of Deposit. 
The deposit i s a f i s s u r e type of deposit i n which 

replacement has been of major importance. The o v e r a l l 
m i n e r a l i z a t i o n i n d i c a t e s a high temperature of formation 
and the f i n e grained texture suggests that i t was formed at 
moderate depth. The deposit may the r e f o r e be c l a s s i f i e d as 
a xenothermal type of de p o s i t . 

Type of M i n e r a l i z a t i o n . 
The ore minerals present, w i t h the exception of 

a n g l e s i t e , are a l l hypogene min e r a l s . A n g l e s i t e may be 
c l a s s i f i e d as an o x i d i z e d ore m i n e r a l . 

M i l l i n g Character of the Ore. 
The ore minerals are so very f i n e grained that i t 

i s necessary to g r i n d the ore very f i n e l y to release the 
req u i r e d m i n e r a l s . The i r r e g u l a r g r a i n boundaries of the 
main ore minerals and the presence of locked a s s o c i a t i o n s 
(as w i t h a r s e n o p y r i t e c o n t a i n i n g s m a l l blebs of s p h a l e r i t e . ) 
f u r t h e r complicates the m i l l i n g problem. 

The high content, of a r s e n i c and lead makes the ore 
a r e f r a c t o r y type. The r e f r a c t o r y nature of the ore makes 
i t even more imperative that u clean concentrates be produced. 

Conclusions. 
The major problem concerned w i t h t h i s deposit seems 

to be of a m e t a l l u r g i c a l nature. The ore i s a good garade of 
l e a d - z i n c c a r r y i n g gold and s i l v e r values. In s p i t e of the 
e x c e l l e n t tenor of the ore the deposit i s at present 
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considered non-commercial because of the l a c k of a s u i t a b l e 
method f o r the production of clean concentrates. The f i n e 
grained t e x t u r e together w i t h the i r r e g u l a r g r a i n boundaries, 
prevents the separation of the main ore min e r a l s . 

The minerals present are almost a l l of the hypogene 
type. The complexity of the ore makes and accurate determina­
t i o n of the paragenesis very d i f f i c u l t . 

The quantity of t e t r a h e d r i t e and bournonite fmintirt 

dn the podlsfeed s e c t i o n s does not i n d i c a t e ^heip?e,?ence of 
antimony i n commercial amounts. There i s apparently not 
enough of these minerals present to s e r i o u i l y a f f e c t the 
s e l e c t i v e f l o t a t i o n process. 
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I l l u s t r a t i o n s , 

X SO 

F i g . l . - C a l c i t e r e p l a c i n g Quartz. 



X 5 0 

l i g , , 5 ( - S p h a l e r i t e r e p l a c i n g gangue. 
Blebs or* c h a l c o p y r i t e i n the 
S p h a l e r i t e f 

a r s e n o p y r i t e . 



X 5 0 

f i g . 5 . - Gangue r e p l a c i n g p y r i t e . 

x s o 
t 

i?ig.6.- S p h a l e r i t e r e p l a c i n g p y r i t e . 



X 7 5 

j+lg.e..- Galena as v e i n l e t s i 1 - p y r i t e . 
Blebs of c h a l c o p y r i t e w i t h i n 
the galena. 



Fig.9.-

x -7S 

Chalcopyrite r e p l a c i n g 
s p h a l e r i t e as a v e i n l e t i n 
p y r i t e . 

X 7 5 

^ f'ig. 10 - Galena r e p l a c i n g o h a l c o p y r i t e 
as a v e i n l e t i n p y r i t e . 



X 2 0 0 

Fig.11,- T e t r a h e d r i t e and bournonite 
r e p l a c i n g s p h a l e r i t e as a 
v e i n l e t i n p y r i t e , 

X l S O 

F i g . l g . - Galena and t e t r a h e d r i t e 
r e p l a c i n g s p h a l e r i t e . 
Blebs of bournonite i n the 
t e t r a h e d r i t e . Fragments of 
ars e n o p y r i t e i n the s p h a l e r i t e . 
Galena i s l a t e s t having been 

-introduced along borders of 
t e t r a h e d r i t e g r a i n s , 
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