
REPORT ON THE ORE OF THE 

WISCONSIN MINE. 

by 

D. R. FERGUSON. 

The U n i v e r s i t y of B r i t i s h Columbia, 

A p r i l , 1938 



INDEX. 

Acknowledgements *••••••••»• i • 

Location. ••••*•••••••••••••••••*•• 1 • 

Summary •••••• 2. 

A n a l y s i s of Ore 

Paragenesis• • •••••••••• 3* 

P y r i t e 3* 

A r s e n o p y r i t e * • 3 * 

S p h a l e r i t e * • . •... *•••*•**.••*• 3* 

Galena*•*••*••••••••••••••••••••••••• 4» 

C h a l c o p y r i t e . . ••••••••• 4* 

I n f r a s i z e r and Superpanner Results••••••••«••••• 5# 

Results 

Conclusions 

Determination of T e l l u r i d e 10* 

Microchemical Analysis••••••••»•••••• 10. 

Q u a l i t a t i v e Chemical A n a l y s i s * • • • • • • • 10. 

I n f r a s i z e r and Superpanner R e s u l t s * • • 11• 

Pyrex Glass Tests*•••••••••••••• 11* 

M i l l i n g Methods* •* • ••• 13* 

Se c t i o n Sketches* 



-1-

ACKNOYfLEDGEMENTS « 

The work was done under the s u p e r v i s i o n 

of Dr* Warren of the Department of Geology* 

The w r i t e r would l i k e t o thank Dr. Warren f o r 

h i s many suggestions, and W*A. Dayton f o r h i s 

i n v a l u a b l e a i d and c o l l a b o r a t i o n * 



LOCATION OF PROPERTY, 

The property i s i n the Nelson Mining d i v i s i o n , two 

or three m i l e s south-southwest from the f o r k s of Midge Creek, which 

empties i n t o t h e east s i d e of Kootenay Lake about twenty m i l e s south­

e r l y from P r o c t e r , B.C. 

The property i s reached from the r a i l w a y at Midge 

Creek S t a t i o n . A narrow road i s p r a c t i c a l l y completed f o r about 

two and a h a l f miles up the creek; from there t o the mine, there 

i s a pack t r a i l , which can be improved i n t o a road. The t o t a l d i s ­

tance from the ra i l w a y t o the mine i s fourteen m i l e s . The e l e v a t i o n 

at t h e mine i s about 6300 f e e t , which i s about 4500 f e e t above the 

r a i l w a y at Midge Greek. 

A n a l y s i s of Ore. 

Au 

Ag 

Fe 

Cu 

As 

S 

0.44 oz# / t o n 

1.88 oz. / t o n 

29.7 per cent 

0.43 11 n 

8.50 w 11 

30.5 » M 

S i 0 2 -

Pb 

Sb -

CaO -

MgO -

Zn 

29.5 per cent 

0.33 ,f 11 

T r . 

- 0.93 per cent 

Ars e n o p y r i t e 

P y r i t e 

Galena 

C h a l c o p y r i t e 

S p h a l e r i t e 

18.5 % 

48.9 % 

0.35 % 

1.2 % 

1.5 % 



SUMMARY. 

The bulk of the ore was c r y s t a l l i n e masses of p y r i t e 

and a r s e n o p y r i t e , which were f r a c t u r e d and b r e o c i a t e d , w i t h ch&l-

c o p y r i t e forming v e i n l e t s along t h e f r a c t u r e s . I n these v e i n l e t s 

were a l s o s p h a l e r i t e , galena, t e l l u r i d e m i n e r a l , t e t r a h e d r i t e ( ? ) , 

and small p a r t i c l e s of an unknown m i n e r a l . 

P a r t of the gold occurs i n f i n e l y disseminated p a r t i c l e s 

f a i r l y evenly d i s t r i b u t e d . The presence of a gold mineral i s i n d i c ­

ated by the super panning and i n f r a - s i z i n g r e s u l t s , Microchemical 

t e s t s show the presence of a t e l l u r i d e , and f u s i o n on a pyrex g l a s s 

shows a gold t e l l u r i d e . I n the c h a l c o p y r i t e could be seen minute 

p a r t i c l e s , too small t o be i d e n t i f i e d , of a y e l l o w mineral which 

may be g o l d . 

No f r e e s i l v e r could be found, and as the galena could 

not account f o r a l l of the s i l v e r i n the ore, the presence of a 

s i l v e r mineral i s i n d i c a t e d . There are two p o s s i b i l i t i e s ; a 

mi n e r a l i n the c h a l c o p y r i t e which was t e n t a t i v e l y i d e n t i f i e d as 

t e t r a h e d r i t e , or a g o l d - s i l v e r t e l l u r i d e . 



PARAGENESIS 

The paragenesis as determined from examination of 

the d i f f e r e n t s e c t i o n s i s 

P y r i t e +n T . r » . . . i r . M . , , i i „. ••, •• • - , 

Arsenopyrite . . • ..•„ ,, ^ 

S p h a l e r i t e — 

Galena , P 

C h a l c o p y r i t e — ~ 

Te t r a h e d r i t e (?) 

T e l l u r i d e 

Quartz. 

P y r i t e . 

The p y r i t e occurs mainly i n coarse c r y s t a l l i n e masses, 

and w i t h the ars e n o p y r i t e c o n s t i t u t e s the main p o r t i o n of the ore. 

The mass i s f r a c t u r e d and b r e c c i a t e d , the f r a c t u r e s forming v e i n -

l e t s f o r the d e p o s i t i o n of the c h a l c o p y r i t e and contemporaneous 

m i n e r a l s . For sketch i l l u s t r a t i n g paragenesis see s e c t i o n 1. 

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

The mass i s f r a c t u r e d and b r e c c i a t e d i n the same manner 

as the p y r i t e . The v e i n l e t s are s i m i l a r i n form and co n t a i n the 

s p h a l e r i t e , c h a l c o p y r i t e , galena, t e l l u r i d e , and t e t r a h e d r i t e ( ? ) • 

I t was n o t i c e d t h a t t h e m a j o r i t y of the v e i n l e t s occured i n the 

a r s e n o p y r i t e . For sketch i l l u s t r a t i n g paragenesis see s e c t i o n 2. 

S p h a l e r i t e . 

Small amounts of s p h a l e r i t e were found i n the v e i n l e t s , 

i n d i c a t i n g t h a t i t was subsequent t o t h e a r s e n o p y r i t e . The 



C h a l c o p y r i t e was deposited l a t e r , as shown i n s e c t i o n 3. 

Galena. 

The paragenesis could not be determined d e f i n i t e l y , 

but two p o s s i b l e r e l a t i o n s h i p s were i n d i c a t e d . 

(a) The c h a l c o p y r i t e and galena were contemporaneous 

(b) The galena was e a r l i e r than the c h a l c o p y r i t e and 

probably contemporaneous w i t h t h e s p h a l e r i t e . 

The l a t t e r i s p o s s i b l y more c o r r e c t , as i n the m a j o r i t y 

of cases, the galena i s surrounded, or n e a r l y so, by the 

c h a l c o p y r i t e . 

O h a l c o p y r i t e . 

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

ar s e n o p y r i t e and p y r i t e . The remainder was present as comparatively 

l a r g e blebs i n the arsenop y r i t e and p y r i t e . At f i r s t , i t was be­

l i e v e d t o be a t e l l u r i d e , as the presence of t e l l u r i u m was i n d i c a t e d 

by microchemical t e s t s . I t was noted l a t e r , however, t h a t the KCN 

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

i n d i c a t i n g t h a t the mineral was not homogeneous, but r a t h e r contained 

some mine r a l t h a t reacted w i t h the cyanide. 

The associated minerals i n t h e v e i n l e t s were s p h a l e r i t e , 

galena, t e l l u r i d e , t e t r a h e d r i t e i ? ) , and g o l d . 
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INFRA-SIZER AND SUPER-PAMER RESULTS. 

TABLE I . 

Product S i z e 
Mesh 

S i z e Wt. 
Gms. 

% 
Wt. 

Gold 
Oz/ton 

Reo. 
Gold 

1 250 + 66 77.3 19.8 0.38 25.1 

2 250-400 56-40 84.5 21.7 0.20 14.4 

3 400-560 40-28 73.7 18.9 0.28 17.3 

4 560-850 28-20 47.75 12.3 0.48 19.5 

5 850-1100 20-14 34.1 8.7 0.24 7.0 

6 1100-1700 14-10 30.75 7.9 0.32 8.4 

7 -1700 -10 40.85 10.5 0.24 8.3 
388.95 100*0 100.0 

One thousand grams of ore at a pulp d e n s i t y of 1:1 were 

ground twenty minutes i n a b & l l m i l l , d r i e d and screened. Four 

hundred grams of the -200 product were put i n the i n f r a - s i z e r 
two hundredyram Saficte* ( e < j c h bvfch) 

A f o r two hours^. The l o s s i n weight i n the product was almost 

three per cent. 

The t a b l e shows t h a t t h e gold i s f a i r l y u n i f o r m l y d i s ­

t r i b u t e d throughout the products, w i t h the exceptions of #4 and 

#1. Seventy-five per cent of the gold i s contained i n the f i r s t 

f o ur products, but t h i s i s due to the bulk of the products, which 

i s a l s o s e v e n t y - f i v e per cent of the t o t a l . B ight per cent of 

the gold i s contained i n ten per cent of t h e bu l k i n the f i n e s t 

product. 
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TABLE 2. 

Product S i z e 
Mesh 

Siz e Wt. 
Gms» 

7° 
Wt. 

Gold 
oz/ton 

Rec. 
Gold 

1 250 •f 56 0.5 0.36 

2 250-400 56-40 19.4 14.00 0.22 12.80 

3 400-560 40-28 39.3 28.40 0.19 22.45 

4 560-85© 28-20 31.6 22.85 0.20 18.95 

5 850-1100 20-14 20.8 15.04 0.26 16.22 

6 1100-1700 14-10 9.8 7.08 0.28 8.23 

7 -1700 -10 16.9 12.20 0.42 21.30 

138.3 100.00 1 00.00 

F i v e hundred grams of ore at a pulp d e n s i t y of 1:1 were 

ground i n a h a l l m i l l f o r twenty minutes. I t was cyanided f o r 

f o r t y - e i g h t hours at a pulp d e n s i t y of 3:1, during which time 

f i f t y - n i n e per cent of the gold was e x t r a c t e d . The t a i l i n g s , 

which assayed 0.18 ounces of g o l d , were d r i e d and screened, and 

one hundred and f o r t y grams of -200 product were i n f r a - s i z e d . 

The r e s u l t s show t h a t twenty-one per cent of the gold 

i s i n # 7, which contains only twelve per cent of the b u l k . 

There i s a gradual i n c r e a s e i n the g o l d assays as the product 

s i z e decreases u n t i l # 7, where t h e r e i s a sharp increase i n the 

gold assay. 
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TABLE 3. 

Product S i z e S i z e Wt. Oz/ton Rec. 
Mesh Gms. Wt. Gold Gold 

1 250 +56 0.1 0.07 

2 250-400 56-40 0.2 0.13 

3 400-560 40-28 0.5 0.33 

4 560-850 28-20 3.3 2.20 0.10 1.44 

5 850-1100 20-14 21.8 14.54 0.18 16.92 

6 1100-1700 14-10 40.1 26,75 0.18 31.02 

7 -1700 -10 83.9 56.00 0.14 50.62 

149.9 100.00 100.00 

A charge of two hundred grams of ore at 1:1 pulp density-

was ground f o r t h r e e hours i n a b a l l m i l l # Then i t was cyanided f o r 

f o r t y - e i g h t hours at a pulp d e n s i t y of 5:1, during which time seventy-

three per cent of the gold was e x t r a c t e d . One hundred and f i f t y - f i v e 

grams of -200 product were put through the i n f r a - s i z e r . The t a i l i n g s 

assayed 0.12 ounces of gold. 

TABLE 4. 

GOLD GOLD GOLD GOLD GOLD 
oz/ton oz/ton oz/ton oz/ton oz/ton.  

-1504-200 #l(+250) #2(250-400) #3(400-500) #4(850-1100) 

Arseno. 0.25 0.48 0.80 0.73 0.85 

Py r . 0.40 0.40 0.40 0.35 0.40 



o 
o.aa 

0.70 

—\ 

— 1 1 1 ri — • 

0 

t 

* 

——1 • 1 • • 
• 

1 
0 4 0 5 

ze /V7/cRor</5 

0 <, O 7 

A NO F'YR/TE 

0 6 O 0 5 

ze /V7/cRor</5 

0 <, O 7 

A NO F'YR/TE 
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The t a b l e shows j$he gold value w i t h the ars e n o p y r i t e 

and p y r i t e f o r the d i f f e r e n t s i z e s . The p y r i t e has a constant 

gold value w h i l e the arsenop y r i t e has an i n c r e a s i n g gold value 

as the p a r t i c l e s i z e s decrease. The products which were used were 
I 

those whose assays were recorded i n Table H . 



There are three p o s s i b l e reasons why*; a l l the gold i s 

not e x t r a c t e d by eya n i d a t i o n : -

1. The presence of f i n e gold t h a t i s not unlocked by 

g r i n d i n g . 

2. Some of t h e gold i s coated. 

3. The presence of some of the gold as a m i n e r a l . /\ 

The evidence on the whole p o i n t s t o the existence of 

a gold m i n e r a l . I f the gold i s f i n e l y d i v i d e d , i t should be un­

i f o r m l y d i s t r i b u t e d throughout the d i f f e r e n t i n f r a - s i z e d products, 

and t h e i r assays should be almost the same. Table 2 shows t h a t the 

assays are not uniform; therefore the p o s s i b i l i t y t h a t the c y a n i -

d a t i o n l o s s i s due only t o f i n e gold not being unlocked i s r u l e d 

out. Table 2 a l s o r u l e s out the p o s s i b i l i t y t h a t the gold might 

be coated. Gold i s malleable and w i l l not be broken up by g r i n d i n g ! 

t h e r e f o r e i f any of the coarser gold was coated, i t would be caught 

i n the coarser products of the i n f r a - s i z e r , and t h e i r assays would 

be hi g h e r . The suggestion t h a t gold i s present as a s o f t , b r i t t l e 

m i n e r a l e x p l a i n s the r e s u l t s of Sables 2 and 4 n i c e l y . The gold 

m i n e r a l i s ground f i n e , being s o f t e r than the oth e r s , and con­

sequently i s caught i n the f i n e r products on the i n f r a - s i z e r , 

whose assays w i l l , t h e r e f o r e , be h i g h e r . When attempting t o 

separate a r s e n o p y r i t e * on the super-panner, t h i s gold mineral 

came up w i t h and s a l t e d the ar s e n o p y r i t e t i p . This would give 

the a r s e n o p y r i t e a higher gold content than i t should have, and 

e x p l a i n the graph of the r e s u l t s of Table IV. 
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DETERMINATION OF TELLURIDES. 

The methods of determining the presence of a t e l l u r i d e 

were :-

(1) Microchemical t e s t s . 

(2) Q u a l i t a t i v e Chemical A n a l y s i s . 

(3) I n f r a - s i z e r and super-panner experiments which i n d i c ­

ated the presence of a gold mineral other than n a t i v e 

g o l d . 

( 4) Pyrex glass t e s t s . 

Microchemical A n a l y s i s . 

The methods of microchemical a n a l y s i s are very d e l i c a t e . 

The t e l l u r i u m , i f present, forms t e t r a g o n a l or pseudo-hexagonal 

c r y s t a l s of a double c h l o r i d e s a l t of T e l l u r i u m upon the a d d i t i o n 

of Caesium C h l o r i d e to a weak h y d r o c h l o r i c a c i d s o l u t i o n . This 

t e s t was made independently by three observers w i t h p o s i t i v e 

r e s u l t s i n each case. 

Q u a l i t a t i v e Chemical A n a l y s i s . 

This a n a l y s i s i s not as s e n s i t i v e as the microchemical. 

Several t e s t s were made, both on the ore and on a pure t e l l u r i d e 

m i n e r a l (tetradymite, ( B i g ( $ e $ ) ) T h e y were:-
o 

1. Concentrated s u l p h u r i c a c i d on 1 m i l l i g r a m of t e t r a d y n i t e . 

A deep pink c o l o r r e s u l t e d s u c c e s s f u l . 

2. Concentrated s u l p h u r i c a c i d on 0.005 mgs. t e t r a d y n i t e (0.002 

mgs. Te.). A d e f i n i t e pink c o l o r r e s u l t e d . — — s u c c e s s f u l . 

3. Concentrated s u l p h u r i c a c i d on a mixture of pure a r s e n o p y r i t e 
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and tetradymite ( 1 0 0 : l ) # E v i d e n t l y the arsenopyrite masked 

the a c t i o n o f the a c i d on the t e l l u r i d e . There was s u f f i c i e n t 

t e tradymite to give t h e pink c o l o r i f no ar s e n o p y r i t e had been 

present. u n s u c c e s s f u l . 

4. Concentrated s u l p h u r i c a c i d on the t i p of the arse n o p y r i t e 

concentrate from the super-panner (From product 2 t a b l e IV) 

un s u c c e s s f u l . 

5# Concentrated s u l p h u r i c a c i d on c h a l c o p y r i t e taken from 

s e c t i o n by needle f o r microscope use. u n s u c c e s s f u l . 

6. Taking same mixture as used i n #3 and using the HgS method 

of p r e c i p i t a t i o n t o e l i m i n a t e the i r o n and i m p u r i t i e s 

u n s u c c e s s f u l . 

I t i s evident from the above t e s t s t h a t t e l l u r i u m 

can be detected even when present i n amounts as small as 

0.002 mgrs. The a c i d must be heated s l o w l y as any c o l o r t h a t 

may be obtained w i l l be l o s t when the a c i d begins t o fume. 

While the r e s u l t s do not i n d i c a t e the presence of 

t e l l u r i u m , they cannot be regarded as c o n c l u s i v e , as i t was 

c l e a r l y shown t h a t a r s e n o p y r i t e prevents the d e t e c t i o n of the 

t e l l u r i u m . 

I n f r a s i z e r and Superpanner Experiments. 

These are reported and discussed elsewhere. 

Pyrex glass T e s t s . 

A p o r t i o n of the t i p from the superpanner used i n 

the q u a l i t a t i v e chemical a n a l y s i s , p a r t 4, was used here. I t 
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was fused at a low red temperature range and examined under the 

U l t r a p a k . Various blue pools were noted, i n d i c a t i n g the presence 

of a t e l l u r i d e . These pools u s u a l l y surrounded a gold p o o l , or 

a p a r t i c l e of gold t h a t was not fused. Several pools of n a t i v e 

gold were a l s o noted. 

Note. For c o n f i r m a t i o n of blue pools i n d i c a t i n g a t e l l u r i d e , 

a known s l i d e was examined, also the c o l o r - p l a t e i l l u s t r a t i n g 

t e l l u r i d e s a t the Lake Shore Mine i n the C.I.M.M.E. B u l l e t i n 

f o r June, 19S6. 
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MILLING METHODS . 

The m i c r o s c o p i c a l examination of t h i s ore e s t a b l i s h e d 

the f a c t t h a t the ordinary methods of m i l l i n g cannot give a hi g h 

recovery of g o l d . 

F l o t a t i o n i s not p r a c t i c a l , due to the small s i z e of 

the gold p a r t i c l e s and the d i f f i c u l t y of separating a r s e n o p y r i t e 

and p y r i t e . 

S t r a i g h t c y a n i d a t i o n cannot give an e x t r a c t i o n of more 

than 60 per cent of the g o l d . This i s due t o the l o c k i n g of p a r t 

of the remainder of the gold not attacked by the cyanide w i t h i n 

the c h a l c o p y r i t e and arse n o p y r i t e i n so f i n e a s t a t e of d i v i s i o n 

t h a t these minerals would have t o be broken down by some means 

(such as roasting) i n order t o expose the gold t o the a c t i o n of the 

cyanide or any other s o l v e n t . The remaining p a r t of the gold i s 

i n the form of a t e l l u r i d e , which i s not very amenable t o cyan­

i d a t i o n . 

I t i s evident t h a t smelting i s the most l o g i c a l t r e a t ­

ment, but as t h i s i s impossible i n t h e e x i s t i n g circumstances, 

i t i s apparent t h a t a s a t i s f a c t o r y method of treatment has not 

ye t been devised. 


